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Description
Technical Field

[0001] The presentinvention relates to a refrigeration apparatus using a refrigeration cycle working medium containing
a fluoroolefin and particularly relates to a refrigeration apparatus that can successfully avoid the impact of disproportiona-
tion of a fluoroolefin.

Background Art

[0002] A refrigeration cycle working medium is usually composed of a refrigerant and a refrigerating machine oil
(lubricating oil retained in a hermetic compressor). HCFCs (hydrochlorofluorocarbons) had been used as refrigerants in
the past; however, they contribute considerably to ozone depletion. Thus, in recent years, HFCs (hydrofluorocarbons)
having an ozone depletion potential (ODP) of zero have been used. A typical example is difluoromethane (HFC-32 or
R-32).

[0003] Although HFCs have stability when used as refrigeration cycle working media, they have a long atmospheric
lifetime and therefore a high global warming potential (GWP). Thus, nowadays, the use of fluoroolefins having a lower
GWP than HFCs, in particular the use of hydrofluoroolefins (HFOs), has been proposed. For example, 1,1,2-trifluor-
oethylene (HFO-1123) is known as an HFO having a low GWP, having high cooling ability, and having performance similar
to that of R-32 which is currently in widespread use.

[0004] Anexample of a previously proposed refrigeration apparatus using a fluoroolefin such as HFO-1123 is disclosed
in Patent Literature 1.

[0005] The refrigeration apparatus disclosed in Patent Literature 1 includes a dual cycle made up of a heat source-side
heat medium circuit and a load-side heat medium circuit, and at least one of a heat source-side heat medium and a load-
side heat medium which are used in the circuits is a refrigerant containing HFO-1123. The heat source-side heat medium
circuit includes a cascade heat exchanger that effects heat exchange between the heat source-side and load-side heat
media.

[0006] In this refrigeration apparatus, the heat source-side heat medium circuit is located in an outdoor space, and a
load-side heat exchanger included in the load-side heat medium circuit is located in an indoor space. Thus, the cascade
heat exchanger included in the heat source-side heat medium circuit is located in the outdoor space.

Citation List

Patent Literature

[0007] PTL 1: WO 2015/140872
Summary of Invention
Technical Problem

[0008] The fact that fluoroolefins have a low GWP means that they have a short atmospheric lifetime. In other words,
fluoroolefins are easily chemically decomposed and have low stability. A fluoroolefin such as HFO-1123 is known to easily
undergo a self-polymerization reaction called a disproportionation reaction (hereinafter referred to as "disproportiona-
tion").

[0009] Itis believed that disproportionation is often induced, for example, by high pressure or generated heat during the
use of a refrigeration cycle working medium. Additionally, the occurrence of disproportionation entails a large amount of
heat release, and a chain reaction of disproportionation is known to occur. Such disproportionation results in a large
amount of soot, which could reduce the reliability of the refrigeration cycle system.

[0010] Inthe refrigeration apparatus disclosed in Patent Literature 1, as mentioned above, either or both of the working
media (heat source-side and load-side heat media) used in the heat source-side and load-side heat medium circuits of the
dual cycle may contain HFO-1123. However, Patent Literature 1 gives no consideration to the occurrence of dispro-
portionation of a fluoroolefin such as HFO-1123 or the impact of disproportionation on the heat source-side and load-side
heat medium circuits.

[0011] The present invention has been made to solve the problem as described above, and an object of the present
invention is to provide a refrigeration apparatus using a fluoroolefin as a working medium and including a dual cycle made
up of an indoor-side circuit and an outdoor-side circuit, the refrigeration apparatus being adapted to, in the event of
disproportionation of the fluoroolefin, successfully avoid the possibility that the disproportionation has an impact on indoor
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equipment.
Solution to Problem

[0012] In order to solve the problem as described above, a refrigeration apparatus according to the present disclosure
includes: a first heat exchanger; a second heat exchanger; a compressor; and an expansion mechanism, wherein the first
heat exchanger, the compressor, and the expansion mechanism are located in an outdoor space and connected to first
piping that allows a first working medium to circulate through the first heat exchanger, the compressor, and the expansion
mechanism, the first heat exchanger, the compressor, the expansion mechanism, and the first piping constituting an
outdoor-side circuit, the second heat exchanger is located in an indoor space and connected to second piping thatallows a
second working medium to circulate through the second heat exchanger, the second heat exchanger and the second
piping constituting an indoor-side circuit, the refrigeration apparatus further includes a secondary heat exchanger located
between the first piping and the second piping to effect heat exchange between the first working medium and the second
working medium, the secondary heat exchanger is located in the outdoor space, the first working medium contains at least
a fluoroolefin, and the second working medium contains no fluoroolefin.

[0013] In the above configuration, any fluoroolefin which can undergo disproportionation is not used as the second
working medium circulating in the indoor-side circuit, while a fluoroolefin is used as the first working medium circulating in
the outdoor-side circuit. In addition, the secondary heat exchanger which enables heat exchange between the indoor-side
circuit and the outdoor-side circuit is located in the outdoor space. Thus, in the event that disproportionation of the
fluoroolefin occurs in the outdoor-side circuit and has an impact on the secondary heat exchanger, this event only affects
the outdoor equipment. As such, the possibility of disproportionation having an impact on the indoor equipment can be
effectively avoided.

[0014] The above and further objects, features and advantages of the present invention will be more apparent from the
following detailed description of preferred embodiments with reference to the accompanying drawings.

Advantageous Effects of Invention

[0015] The present invention can provide a refrigeration apparatus configured as described above which uses a
fluoroolefin as a working medium and includes a dual cycle made up of an indoor-side circuit and an outdoor-side circuit,
the refrigeration apparatus being adapted to, in the event of disproportionation of the fluoroolefin, successfully avoid the
possibility that the disproportionation has an impact on the indoor equipment.

Brief Description of Drawings
[0016]

FIG 1 is a schematic circuit diagram showing a typical example of the configuration of a refrigeration apparatus
according to an embodiment of the present invention.
FIG 2 is a schematic circuit diagram showing a typical example of the configuration of a refrigeration apparatus
according to Embodiment 2 of the present disclosure.
FIG 3 is a schematic circuit diagram showing a typical example of the configuration of a refrigeration apparatus
according to Embodiment 3 of the present disclosure.

Description of Embodiments

[0017] A refrigeration apparatus according to the present disclosure includes: a first heat exchanger; a second heat
exchanger; a compressor; and an expansion mechanism, wherein the first heat exchanger, the compressor, and the
expansion mechanism are located in an outdoor space and connected to first piping that allows a first working medium to
circulate through the first heat exchanger, the compressor, and the expansion mechanism, the first heat exchanger, the
compressor, the expansion mechanism, and the first piping constituting an outdoor-side circuit, the second heat
exchanger is located in an indoor space and connected to second piping that allows a second working medium to
circulate through the second heat exchanger, the second heat exchanger and the second piping constituting an indoor-
side circuit, the refrigeration apparatus further includes a secondary heat exchanger located between the first piping and
the second piping to effect heat exchange between the first working medium and the second working medium, the
secondary heat exchanger is located in the outdoor space, the first working medium contains at least a fluoroolefin, and the
second working medium contains no fluoroolefin.

[0018] In the above configuration, any fluoroolefin which can undergo disproportionation is not used as the second
working medium circulating in the indoor-side circuit, while a fluoroolefin is used as the first working medium circulating in
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the outdoor-side circuit. In addition, the secondary heat exchanger which enables heat exchange between the indoor-side
circuit and the outdoor-side circuit is located in the outdoor space. Thus, in the event that disproportionation of the
fluoroolefin occurs in the outdoor-side circuit and has an impact on the secondary heat exchanger, this event only affects
the outdoor equipment. As such, the possibility of disproportionation having an impact on the indoor equipment can be
effectively avoided.

[0019] The refrigeration apparatus configured as described above may further include bypass piping connected to the
first piping in parallel to the secondary heat exchanger and including a shut-off valve, and the bypass piping may be located
in the outdoor space.

[0020] In the refrigeration apparatus configured as described above, the indoor-side circuit may include a pump that
pumps the second working medium to the second heat exchanger, and an indoor-side inflow shut-off valve that blocks
inflow of the second working medium into the secondary heat exchanger, and the pump may be stopped in case that the
indoor-side inflow shut-off valve blocks the inflow of the second working medium.

[0021] In the refrigeration apparatus configured as described above, the indoor-side circuit may further include a gas-
liquid separator connected to the second piping and located in the outdoor space, and the gas-liquid separator may include
a safety valve that discharges a gas at a predetermined pressure.

[0022] In the refrigeration apparatus configured as described above, the indoor-side circuit may further include an
indoor-side outflow shut-off valve located to block outflow from the gas-liquid separator.

[0023] The refrigeration apparatus configured as described above may further include: a controller; and a first working
medium temperature detector that measures a temperature of the first working medium flowing in the first piping, and the
controller may open the shut-off valve of the bypass piping in case that the temperature measured by the first working
medium temperature detector has reached a predetermined temperature.

[0024] The refrigeration apparatus configured as described above may further include: a controller; and a first working
medium temperature detector that measures a temperature of the first working medium flowing in the first piping, the
outdoor-side circuit may further include an outdoor-side flow shut-off valve that blocks inflow of the first working medium
into the secondary heat exchanger and outflow of the first working medium from the secondary heat exchanger, and the
controller may close the outdoor-side flow shut-off valve and stop operation of the outdoor-side circuit in case that the
temperature measured by the first working medium temperature detector has reached a predetermined temperature.
[0025] Inthe refrigeration apparatus configured as described above, the secondary heat exchanger may be a plate heat
exchanger, a double pipe heat exchanger, or a shell-and-tube heat exchanger.

[0026] In the refrigeration apparatus configured as described above, the first working medium may be a refrigerant
mixture containing propane in addition to the fluoroolefin.

[0027] In the refrigeration apparatus configured as described above, the first working medium may further contain a
disproportionation inhibitor.

[0028] In the refrigeration apparatus configured as described above, the second working medium may be a liquid
refrigerant or a low-pressure refrigerant.

[0029] Hereinafter, exemplary embodiments of the present invention will be described with reference to the drawings.
The same or equivalent elements are denoted by the same reference signs throughout the drawings and will not be
described repeatedly.

(Embodiment 1)
[Example of configuration of refrigeration apparatus]

[0030] A refrigeration apparatus R1 shown in FIG 1 is a typical example of a configuration according to Embodiment 1.
The refrigeration apparatus R1 is configured as an air conditioner. As shown in FIG 1, the refrigeration apparatus R1
according to Embodiment 1 includes an outdoor-side circuit 10 and an indoor-side circuit 20.

[0031] As shown by a dashed box in FIG 1, the outdoor-side circuit 10 includes first piping 11, a compressor 12, a first
heatexchanger 13, afirstblower 14, an expansion valve 15, afour-way valve 16, a secondary heat exchanger 30, etc. The
indoor-side circuit 20, as shown by adashed box in FIG 1 like the outdoor-side circuit 10, includes second piping 21, a pump
22, a second heat exchanger 23, a second blower 24, the secondary heat exchanger 30, etc. The secondary heat
exchanger 30 is a component shared by both the outdoor-side circuit 10 and the indoor-side circuit 20.

[0032] Inthe outdoor-side circuit 10, the compressor 12, the secondary heat exchanger 30, the expansion valve 15, and
the first heat exchanger 13 are arranged in this order and serially connected in aloop by the first piping 11 and via the four-
way valve 16 to constitute one refrigeration cycle.

[0033] A first working medium containing at least a fluoroolefin circulates in the outdoor-side circuit 10. The fluoroolefin
contained in the first working medium is, for example, but not limited to, 1,1,2-trifluoroethylene (HFO-1123) in Embodiment
1. The first working medium may be a single-component refrigerant consisting only of HFO-1123 or may be a refrigerant
mixture containing another refrigerant component in addition to HFO-1123. The details of the first working medium will be
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described later.

[0034] The compressor 12 compresses the first working medium. The first heat exchanger 13 effects heat exchange
between the first working medium and outdoor air (outside air). The first blower 14 delivers outdoor air toward the first heat
exchanger 13. The expansion valve 15 is an expansion mechanism that expands the first working medium.

[0035] The discharge outletand the suction inlet of the compressor 12 are connected to the four-way valve 16. The four-
way valve 16 switches between different positions to change the flow direction of the first working medium. A cooling
operation takes place when the four-way valve 16 is in a position to connect the discharge outlet of the compressor 12 to the
first heat exchanger 13, while a heating operation takes place when the four-way valve 16 is in a position to connect the
discharge outlet of the compressor 12 to the secondary heat exchanger 30. The cooling and heating operations will be
described later. In FIG 1, the direction in which the first working medium flows during the cooling operation is shown by a
black block arrow F1, and the direction in which the first working medium flows during the heating operation is shown by a
white block arrow F2.

[0036] Intheindoor-side circuit 20, the pump 22, the secondary heat exchanger 30, and the second heat exchanger 23
are arranged in this order and serially connected in aloop by the second piping 21 to constitute one refrigeration cycle. The
bold dotted line of FIG 1 is a boundary line between the indoor space and the outdoor space. Of the components of the
indoor-side circuit 20, as shown in FIG 1, only the second heat exchanger 23 is located in the indoor space, and the pump
22 and the secondary heat exchanger 30 are located in the outdoor space. The pump 22 may be located in the indoor
space. All the components of the outdoor-side circuit 10 are located in the outdoor space.

[0037] A second working medium containing no fluoroolefin circulates in the indoor-side circuit 20. The second working
medium is not limited to a particular composition and may have any composition insofar as the second working medium
does not contain any fluoroolefin. For example, a known liquid refrigerant or low-pressure refrigerant can be suitably used
as the second working medium. In Embodiment 1, carbon dioxide (CO,) is used as the second working medium. The liquid
refrigerant used may be, for example, water, brine composed mainly of water, or an antifreeze fluid. The details of the
second working medium will also be described later.

[0038] The pump 22 pumps the second working medium through the second piping 21. The second heat exchanger 23
effects heat exchange between the second working medium and indoor air. The second blower 24 delivers indoor air
toward the second heat exchanger 23. The indoor-side circuit 20 does not include any component corresponding to the
four-way valve 16 in the outdoor-side circuit 10. Thus, in the indoor-side circuit 20, the second working medium flows and
circulates only in one direction. In FIG 1, the flow direction of the second working medium is shown by a black block arrow
F3.

[0039] Aspreviously stated, the secondary heatexchanger 30 is a component shared by both the outdoor-side circuit 10
and the indoor-side circuit 20. The secondary heat exchanger 30 effects heat exchange between the first working medium
circulating in the outdoor-side circuit 10 and the second working medium circulating in the indoor-side circuit 20. It can
therefore be said that the outdoor-side circuit 10 and the indoor-side circuit 20 are thermally connected via the secondary
heat exchanger 30.

[0040] As described above, the refrigeration apparatus R1 according to the present disclosure is configured as a dual
cycle apparatus including two circuits thermally connected via the secondary heat exchanger 30, and the secondary heat
exchanger 30 effects heat exchange between the firstand second working media. Thus, the outdoor-side circuit 10 and the
indoor-side circuit 20, which are refrigeration cycles independent of each other, can be controlled together as one
refrigeration apparatus R1.

[0041] Inthe presentdisclosure, the compressor 12, the first heat exchanger 13, the first blower 14, the expansion valve
15, the four-way valve 16, the pump 22, the second heat exchanger 23, the second blower 24, and the secondary heat
exchanger 30 constituting the refrigeration apparatus R1 are not limited to particular configurations, and any configura-
tions known in the field of refrigeration apparatuses R1 can be suitably employed.

[0042] For example, a known hermetic refrigerant compressor can be used as the compressor 12. The hermetic
refrigerant compressor may be any kind of compressor such as a reciprocating, rotary, scroll, or screw compressor. The
electric element of the refrigerant compressor may have the same configuration as any known motor and may be an outer
rotor-type motor or an inner rotor-type motor.

[0043] The first heat exchanger 13 is a heat exchanger "located in the outdoor space" and can be regarded as
corresponding to a "condenser" of a common refrigeration apparatus. Likewise, the second heat exchanger 23 is a heat
exchanger "located in the indoor space" and can be regarded as corresponding to an "evaporator" of a common
refrigeration apparatus. Thus, a heat exchanger known as a condenser can be used as the first heat exchanger 13,
and a heat exchanger known as an evaporator can be used as the second heat exchanger 23. Examples of such heat
exchangers include, but are not limited to, plate heat exchangers, double pipe heat exchangers, and shell-and-tube heat
exchangers.

[0044] As with the first heat exchanger 13 or the second heat exchanger 23, a known heat exchanger can be suitably
used as the secondary heat exchanger 30. In particular, since the secondary heat exchanger 30 effects heat exchange
between the first and second working media unlike the first heat exchanger 13 or second heat exchanger 23 which effects
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heat exchange between a corresponding one of the working media and air (outdoor air or indoor air), the type of the heat
exchanger used as the secondary heat exchanger 30 can be selected depending on the types of the first and second
working media.

[0045] In the present disclosure, where the first working medium is a refrigerant containing a fluoroolefin, the second
working medium may be, for example, a common refrigerant containing a hydrofluorocarbon as a main component, and in
this case a plate heat exchanger can be used as the secondary heat exchanger 30. In the case where the second working
medium is a liquid refrigerant such as water, brine, or an antifreeze fluid, a shell-and-tube heat exchanger can be used as
the secondary heat exchanger 30. A shell-and-tube heat exchanger includes an outer pipe (shell) serving as an enclosure
body and a number of inner pipes (tubes) located inside the outer pipe. With the use of such a heat exchanger, the second
working medium which is a liquid refrigerant can be made to flow through the inner pipes, while the first working medium
containing a fluoroolefin can be made to flow through the outer pipe.

[0046] Theexpansion valve 15 used may be athermostatic expansion valve, an electronic expansion valve, or any other
expansion mechanism. As for the four-way valve 16, the pump 22, the first blower 14, the second blower 24, etc., various
known configurations can be suitably employed.

[0047] The following will describe exemplary operations of the refrigeration apparatus R1 described above. A cooling
operation will be described first. In the outdoor-side circuit 10, the first working medium compressed by the compressor 12
and having a high temperature and a high pressure is delivered to the first heat exchanger 13 via the four-way valve 16 (the
direction of the arrow F1). The first heat exchanger 13 allows the first working medium to exchange heat with outdoor air
(outside air) delivered by the first blower 14 and thus turn into a high-pressure, middle-to-high temperature liquid, which is
delivered to the expansion valve 15.

[0048] The firstworking medium is expanded by the expansion valve 15 and turns into a low-pressure, low-temperature
gas-liquid mixture, which is delivered to the secondary heat exchanger 30. The secondary heat exchanger 30 effects heat
exchange between the first working medium and the second working medium circulating in the indoor-side circuit 20, thus
turning the first working medium into a low-pressure, middle-to-low-temperature gas, which is sucked into the suction inlet
of the compressor 12 via the four-way valve 16.

[0049] In the indoor-side circuit 20, the second working medium is pumped by the pump 22 to the secondary heat
exchanger 30 (the direction of the arrow F3). As stated above, the secondary heat exchanger 30 effects heat exchange
between the first and second working media; thus, the second working medium is cooled by the first working medium
having a low temperature and a low pressure. The cooled second working medium is delivered to the second heat
exchanger 23 located in the indoor space. The second heat exchanger 23 allows the second working medium to exchange
heat with indoor air delivered by the second blower 24, and thus the indoor air is cooled by the second working medium and
cools the indoor space.

[0050] Next, a heating operation will be described. In the outdoor-side circuit 10, the first working medium compressed
by the compressor 12 and having a high temperature and a high pressure is delivered to the secondary heat exchanger 30
via the four-way valve 16 (the direction of the arrow F2). The secondary heat exchanger 30 effects heat exchange between
the first working medium and the second working medium circulating in the indoor-side circuit 20, thus turning the first
working medium into a high-pressure, middle-to-low-temperature liquid, which is delivered to the expansion valve 15.
[0051] The firstworking medium is expanded by the expansion valve 15 and turns into a low-temperature, low-pressure
gas-liquid mixture, which is delivered to the first heat exchanger 13. The first heat exchanger 13 allows the first working
medium to exchange heat with outdoor air delivered by the first blower 14 and thus turn into a low-pressure, middle-to-low-
temperature gas, which is sucked into the suction inlet of the compressor 12.

[0052] In the indoor-side circuit 20, the second working medium is pumped by the pump 22 to the secondary heat
exchanger 30. As described above, the secondary heat exchanger 30 effects heat exchange between the first and second
working media; thus, the second working medium is heated by the first working medium having a high temperature and a
high pressure. The heated second working medium is delivered to the second heat exchanger 23 located in the indoor
space. The second heat exchanger 23 allows the second working medium to exchange heat with indoor air delivered by
the second blower 24, and thus the indoor air is heated by the second working medium and heats the indoor space.
[0053] Inthe refrigeration apparatus R1 according to the present disclosure, a fluoroolefin having a low GWP is used in
the outdoor-side circuit 10. For example, as stated above, the fluoroolefin is HFO-1123 in Embodiment 1. Some of such
fluoroolefins have a low GWP, have high cooling ability, and have performance similar to that of R-32 which is currently in
widespread use. However, as stated above, fluoroolefins are likely to undergo disproportionation. The occurrence of
disproportionation entails a large amount of heat release, which could induce a chain reaction of disproportionation.
[0054] In the refrigeration apparatus R1 according to the present disclosure, a refrigerant containing a fluoroolefin is
used as the first working medium circulating in the outdoor-side circuit 10, while a refrigerant other than fluoroolefins which
can undergo disproportionation is used as the second working medium circulating in the indoor-side circuit 20.
Furthermore, the secondary heat exchanger 30 which enables heat exchange between the outdoor-side circuit 10
and the indoor-side circuit 20 is located in the outdoor space.

[0055] Thus, in the event that disproportionation of the fluoroolefin occurs in the outdoor-side circuit 10 and has an
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impact on the secondary heat exchanger 30, this event only affects the outdoor equipment. As such, the possibility of
disproportionation having an impact on the indoor equipment can be effectively avoided.

[0056] In Embodiment 1, as described later, the first working medium used may be a refrigerant mixture containing
propane in addition to a fluoroolefin. Propane has physical properties suitable for use as a refrigeration cycle working
medium and, when used in combination with a fluoroolefin, exhibits an inhibitory action on disproportionation of the
fluoroolefin. Thus, when the first working medium containing a fluoroolefin is a refrigerant mixture further containing
propane, satisfactory refrigeration capacity can be achieved along with successful inhibition of disproportionation of the
fluoroolefin.

[0057] In addition, as described later, the first working medium may further contain a disproportionation inhibitor in
addition to a fluoroolefin. When the first working medium contains a fluoroolefin as a first refrigerant component and
propane as a second refrigerant component, the first working medium may contain a disproportionation inhibitor as a
component other than the refrigerant components. In this case, disproportionation of the fluoroolefin can be more
successfully inhibited.

[0058] Since the first working medium contains a fluoroolefin, there is a need to take measures against disproportiona-
tion of the fluoroolefin in the outdoor-side circuit 10 in which the first working medium circulates. The inclusion of propane, a
disproportionation inhibitor, or both in the first working medium can effectively reduce or substantially eliminate the
possibility that disproportionation occurs in the outdoor-side circuit 10. As described later, the first working medium may
contain an additional refrigerant component other than propane.

[0059] In addition, as stated above, the second working medium used may be a liquid refrigerant (brine) or a low-
pressure refrigerant. While the first working medium is a fluorocarbon-based gaseous refrigerant containing a fluoroolefin,
the second working medium is a liquid refrigerant or a low-pressure refrigerant which is not subject to High Pressure Gas
Safety Actin Japan. Thus, inthe event that disproportionation occurs in the outdoor-side circuit 10 in which the first working
medium circulates, the possibility can be reduced that the disproportionation has an impact on the indoor-side circuit 20 in
which the second working medium circulates.

[Examples of compositions of first and second working media]

[0060] Hereinafter, the first and second working media used in the refrigeration apparatus R1 according to the present
disclosure will be described in detail.

[0061] First of all, the first working medium used in the outdoor-side circuit 10 contains at least a fluoroolefin
(fluoroalkene) as a refrigerant component. The fluoroolefin is not limited to a particular type, and examples of the
fluoroolefin include: fluoroethylenes such as 1,1,2-trifluoroethylene (HFO-1123), trans-1,2-difluoroethylene
(HFO-1132(E)), cis-1,2-difluoroethylene (HFO-1132(Z)), 1,1-difluoroethylene (HFO-1132a), tetrafluoroethylene
(FO-1114, TFE), and monofluoroethylene (HFO-1141); and fluoropropenes such as 1,2,3,3,3-pentafluoropropene
(HFO-1225ye), 2,3,3,3-tetrafluoropropene (HFO-1234yf), 1,3,3,3-tetrafluoropropene (HFO-1234ze), 1,2,3,3-tetrafluor-
opropene (HFO-1234ye), and 3,3,3-trifluoropropene (HFO-1243zf).

[0062] One of these fluoroolefins may be used alone as a refrigerant component, or any suitable combination of two or
more of the fluoroolefins may be used as a refrigerant component. Among the fluoroolefins, the fluoroethylenes are
suitable for use as a refrigerant component. Among the fluoroethylenes, 1,1,2-trifluoroethylene (HFO-1123) is particularly
suitable for use.

[0063] The first working medium may further contain a refrigerant component which is a refrigerant other than
fluoroolefins. A typical example of such a refrigerant is propane. That is, the first working medium used can be a
refrigerant mixture of a fluoroolefin and propane. In the present disclosure, the first working medium may further contain an
"additional refrigerant component” in addition to the fluoroolefin and propane. Typical examples of the additional
refrigerant include, but are not limited to, a hydrofluorocarbon (HFC), a saturated hydrocarbon other than propane,
and carbon dioxide.

[0064] Specific examples of the HFC include: fluoromethanes such as difluoromethane (R-32) and trifluoromethane
(R-23); fluoroethanes such as fluoroethane (R-161), 1,1-difluoroethane (R-152a), 1,1,1-trifluoroethane (R-143a), 1,1,2,2-
tetrafluoroethane (R-134), 1,1,1,2-tetrafluoroethane (R-134a), pentafluoroethane (R-125), difluoroethane, and trifluor-
oethane; fluoropropanes such as 1,1,1,3,3-pentafluoropropane (R-245fa), 1,1,1,2,3,3-hexafluoropropane (R-236ea),
1,1,1,3,3,3-hexafluoropropane (R-236fa), and 1,1,1,2,3,3,3-heptafluoropropane (R-227ea); fluorobutanes such as
1,1,1,3,3-pentafluorobutane  (R-365mfc); and fluoropentanes such as 1,1,1,2,3,4,4,55,5-decafluoropentane
(R-4310mee) and heptafluorocyclopentane (Re-447¢€f).

[0065] Specific examples of the saturated hydrocarbon include ethane, n-propane, cyclopropane, n-butane, cyclobu-
tane, isobutane (2-methylpropane), methylcyclopropane, n-pentane, isopentane (2-methylbutane), neopentane (2,2-
dimethylpropane), and methylcyclobutane.

[0066] One of these additional refrigerant components may be used alone, or any suitable combination of two or more of
the additional refrigerant components may be used as a refrigerant. Among the additional refrigerant components, R-32
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(difluoromethane) is typically suitable for use. As described later, some saturated hydrocarbons can be used as a
disproportionation inhibitor. Thus, a saturated hydrocarbon can be used as both an additional refrigerant componentand a
disproportionation inhibitor.

[0067] In the present disclosure, the first working medium contains a fluoroolefin. Fluoroolefins are known to undergo
disproportionation. Thus, the first working medium may contain a disproportionation inhibitor that inhibits disproportiona-
tion of the fluoroolefin. Specific examples of the disproportionation inhibitor include, but are not limited to, saturated
hydrocarbons with two to five carbon atoms (other than propane) and haloalkanes with one to four carbon atoms other than
haloalkanes all the halogen atoms of which are fluorine. For convenience of explanation, a saturated hydrocarbon used as
a disproportionation inhibitor will be referred to as a "disproportionation-inhibiting alkane", and a haloalkane used as a
disproportionation inhibitor will be referred to as a "disproportionation-inhibiting haloalkane".

[0068] As stated above, the disproportionation-inhibiting alkane used as a disproportionation inhibitor in the present
disclosure may be a saturated hydrocarbon (alkane) with two to five carbon atoms, and specific examples of such a
saturated hydrocarbon include ethane, cyclopropane, n-butane, cyclobutane, isobutane (2-methylpropane), methylcy-
clopropane, n-pentane, isopentane (2-methylbutane), neopentane (2,2-dimethylpropane), and methylcyclobutane. One
of these saturated hydrocarbons may be used alone, or two or more thereof may be used in any suitable combination.
[0069] All of the above-mentioned saturated hydrocarbons are gaseous at normal temperature (n-pentane and
methylcyclobutane have the highest boiling point which is about 36°C, and the other hydrocarbons have a boiling point
lower than 36°C), and any of the saturated hydrocarbons can be mixed well with the refrigerant component(s) of the first
working medium. Any saturated hydrocarbon with six or more carbon atoms is not preferred because such a saturated
hydrocarbon is liquid at normal temperature and difficult to mix with the refrigerant component(s) of the first working
medium.

[0070] Propane, which is a saturated hydrocarbon with three carbon atoms, can inhibit disproportionation of fluor-
oolefins. However, in the present disclosure, as stated above, propane is a refrigerant component that can be used in
combination with a fluoroolefin in the first working medium; thus, propane is not regarded as a "disproportionation-
inhibiting alkane". Cyclopropane, which is a cyclic compound and different from linear propane (n-propane) usable as a
refrigerant component, can be used as a disproportionation-inhibiting alkane.

[0071] A saturated hydrocarbon with one carbon atom, namely methane, is not preferred because it has a particularly
high global warming potential (GWP). Among saturated hydrocarbons with two to five carbon atoms, cyclopentane has a
boiling point of 49°C and is liquid at normal temperature; however, cyclopentane may be used as a disproportionation
inhibitor in the present disclosure.

[0072] The disproportionation-inhibiting haloalkane used as a disproportionation inhibitor in the present disclosure may
be any haloalkane with one to four carbon atoms other than haloalkanes all the halogen atoms of which are fluorine.
Specific examples of the disproportionation-inhibiting haloalkane include halomethanes (halogenated methanes) which
have one carbon atom, haloethanes (halogenated ethanes) which have two carbon atoms, halopropanes (halogenated
propanes) which have three carbon atoms, and halobutanes (halogenated butanes) which have four carbon atoms.
[0073] The disproportionation-inhibiting haloalkane used may be one haloalkane selected from halomethanes, ha-
loethanes, halopropanes, and halobutanes, or two or more haloalkanes selected from these disproportionation-inhibiting
haloalkanes may be used in any suitable combination. The phrase "two or more haloalkanes selected" is intended to mean
not only that two or more disproportionation-inhibiting haloalkanes differing in the number of carbon atoms may be
selected (for example, a combination of a halomethane and a halomethane) but also that two or more disproportionation-
inhibiting haloalkanes having the same number of carbon atoms and having different halogen substituents may be
selected (for example, a combination of a first haloethane and a second haloethane different from the first haloethane). In
the case of using a halobutane, the halobutane may have a linear structure or may have a branched structure (a structure
having the same carbon skeleton as isobutane or 2-methylpropane).

[0074] Specifically, the disproportionation-inhibiting haloalkane may have a structure represented by the following
formula (1).

CoHX; -+ 1)

[0075] Inthe formula (1), X is a halogen atom selected from the group consisting of fluorine (F), chlorine (CI), bromine
(Br),andiodine (), pisanintegerof 1 or2, qis aninteger of 0 or more, ris an integer of 1 ormore, the sumofqandris 2p + 2,
and the halogen atoms X are the same or different when r is 2 or more.

[0076] Any haloalkane which is represented by the formula (1) but which contains only F as the halogen atom(s) X is
excluded from candidates for the disproportionation-inhibiting haloalkane. This is because any disproportionation-
inhibiting haloalkane which contains only F as the halogen atom(s) X is a compound usable as an additional refrigerant
component and substantially fails to function as a disproportionation inhibitor.

[0077] Inadisproportionation-inhibiting haloalkane represented by the formula (1), the halogen atom X may be at least
one of F, Cl, Br, and | as stated above and is preferably at least I. When the number of carbon atoms is 2 (p = 2) and the
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number of halogen atoms is 2 or more (r > 2), the halogen atoms X preferably include at least F and I.

[0078] When a disproportionation-inhibiting haloalkane represented by the formula (1) contains Cl and/or Br, the
disproportionation-inhibiting haloalkane tends to have a high ozone depletion potential (ODP) and could be limited in
availability or handleability. Regardless of what the halogen atom(s) X is (are), some disproportionation-inhibiting
haloalkanes represented by the formula (1) are compounds having a relatively high ozone depletion potential (ODP)
and/or a relatively high global warming potential (GWP).

[0079] Inthe presentdisclosure, a disproportionation-inhibiting haloalkane added as the disproportionation inhibitor to
the first working medium can effectively inhibit disproportionation of the fluoroolefin or retard rapid progress of dis-
proportionation of the fluoroolefin even when the amount of the added disproportionation-inhibiting haloalkane is relatively
small. In addition, even when a disproportionation-inhibiting haloalkane is used in combination with another dispropor-
tionation inhibitor such as a disproportionation-inhibiting alkane, the total amount of the disproportionation inhibitors
added to the first working medium is sufficiently small relative to the total amount of the first working medium. Thus, the use
of a disproportionation-inhibiting haloalkane does not cause any significant impact on the environment even when the
disproportionation-inhibiting haloalkane has a relatively high ODP or GWP.

[0080] Specific examples of disproportionation-inhibiting haloalkanes represented by the formula (1) include, but are
not limited to: halomethanes such as (mono)iodomethane (CHjl), diiodomethane (CH,l,), dibromomethane (CH,Br,),
bromomethane (CH,Br), dichloromethane (CH,CI,), chloroiodomethane (CH,CII), dibromochloromethane (CHBr,Cl),
tetraiodomethane (Cl,), carbon tetrabromide (CBr,), bromotrichloromethane (CBrCls), dibromodichloromethane
(CBr,Cly), tribromofluoromethane (CBrsF), fluorodiiodomethane (CHFI,), difluorodiiodomethane (CF,l,), dibromodi-
fluoromethane (CBr,F,), trifluoroiodomethane (CFl), and difluoroiodomethane (CHF,l); and haloethanes such as 1,1,1-
trifluoro-2-iodoethane (CF3;CH,l), monoiodoethane (CH;CH,l), monobromoethane (CH;CH,Br), 1,1,1-triiodoethane
(CH3Clj3), and 1-bromo-2-iodo-tetrafluoroethane (CF,BrCF,l).

[0081] One ofthese disproportionation-inhibiting haloalkanes may be used alone, or two or more thereof may be used in
any suitable combination. Among the disproportionation-inhibiting haloalkanes, at least one selected from the group
consisting of diiodomethane (CH,l,), difluorodiiodomethane (CF,l,), trifluoroiodomethane (CFl), difluoroiodomethane
(CHF,l), 1-bromo-2-iodo-tetrafluoroethane (CF,BrCF,1), and 1,1,1-trifluoro-2-iodoethane (CF;CH,l) is particularly
preferred in terms of factors such as availability, ODP value, and handleability.

[0082] In the present disclosure, as stated above, the first working medium is a refrigerant containing at least a
fluoroolefin (fluoroalkene) and may contain propane (R-290) or an additional refrigerant component as necessary. In
addition, the first working medium may contain a disproportionation inhibitor as necessary. In the first working medium, the
amounts (contents) of the fluoroolefin and the propane are not limited to particular values, and the amount (content) of the
disproportionation inhibitor is not limited to a particular value either.

[0083] Forexample, the amount of the fluoroolefin is 50% by mass or more and may be 60% by mass or more, 70% by
mass or more, or 80% by mass or more based on 100% by mass of the total amount of the first working medium. When the
first working medium is a refrigerant mixture containing propane, the amount of the propane is less than 50% by mass and
may be 40% by mass or less, 30% by mass or less, or 20% by mass or less based on 100% by mass of the total amount of
the refrigerant mixture. In Embodiment 1, for example, 1,1,2-trifluoroethylene (HFO-1123) is suitable for use as the
fluoroolefin, although the fluoroolefin is not limited to 1,1,2-trifluoroethylene (HFO-1123) or any other particular fluor-
oolefin.

[0084] The second working medium used in the refrigeration apparatus R1 according to the present disclosure contains
no fluoroolefin (fluoroalkene) as a refrigerant component, unlike the first working medium. The second working medium
need not be a fluorocarbon-based refrigerant like the first working medium and may be, forexample, aliquid refrigerantora
natural refrigerant other than fluorocarbon-based refrigerants. When the second working medium is not a liquid refrigerant
but a gaseous refrigerant such as a fluorocarbon-based refrigerant, a low-pressure refrigerant which is not subject to High
Pressure Gas Safety Act in Japan can be suitably used as the gaseous refrigerant.

[0085] When the second working medium is a fluorocarbon-based refrigerant, a refrigerant having the same composi-
tion as the above-described first working medium except for containing no fluoroolefin can be suitably used as the
fluorocarbon-based refrigerant. When the second working medium is a natural refrigerant, for example, ammonia, carbon
dioxide (CO, gas), a hydrocarbon, or nitrogen can be suitably used as the natural refrigerant. Examples of the hydrocarbon
include propane and other saturated hydrocarbons as mentioned above.

[0086] When the second working medium is a liquid refrigerant such as brine, examples of the liquid refrigerant include:
a lower alcohol such as methanol or ethanol; an aqueous antifreeze fluid containing such a lower alcohol; a lower glycol
such as ethylene glycol or propylene glycol; an aqueous antifreeze fluid containing such a lower glycol; and an aqueous
solution of an inorganic salt such as an aqueous calcium chloride solution.

[0087] As stated above, while the first working medium is a fluorocarbon-based gaseous refrigerant containing a
fluoroolefin, the second working medium is a liquid refrigerant or a low-pressure refrigerant which is not subject to High
Pressure Gas Safety Actin Japan. Thus, in the event that disproportionation occurs in the outdoor-side circuit 10 in which
the first working medium circulates, the possibility can be reduced that the disproportionation has an impact on the indoor-
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side circuit 20 in which the second working medium circulates.

[0088] The firstand second working media may contain additives or other components known in the field of refrigeration
apparatuses or refrigeration cycles. The first working medium to be compressed by the compressor 12 may contain, as its
component, a refrigerating machine oil held in the compressor 12.

(Embodiment 2)

[0089] A refrigeration apparatus R2 shown in FIG 2 is a typical example of a configuration according to Embodiment 2.
As shown in FIG 2 and similarly to the refrigeration apparatus R2 according to Embodiment 1 described above, the
refrigeration apparatus R2 according to Embodiment 2 includes the outdoor-side circuit 10 and the indoor-side circuit 20,
which are thermally connected by the secondary heat exchanger 30.

[0090] AsshowninFIG 2, the refrigeration apparatus R2 according to Embodiment 2 has a basic configuration identical
to that of the refrigeration apparatus R1 according to Embodiment 1 described above. The first working medium circulating
in the outdoor-side circuit 10 and the second working medium circulating in the indoor-side circuit 20 are also as described
above for Embodiment 1. Thus, those features of the refrigeration apparatus R2 according to Embodiment 2 which are
common to the refrigeration apparatus R1 according to Embodiment 1 will not be described in detail below.

[0091] Therefrigeration apparatus R2 according to Embodiment 2 differs from the refrigeration apparatus R1 according
to Embodiment 1 in that, as shown in FIG 2, the outdoor-side circuit 10 further includes bypass piping 17 connected to the
first piping 11 in parallel to the secondary heat exchanger 30 and including a shut-off valve 31. The indoor-side circuit 20
differs fromthat of Embodiment 1 in that the indoor-side circuit 20 includes a gas-liquid separator 25 located downstream of
the secondary heat exchanger 30 in the flow direction of the second working medium (the direction of the arrow F3),
connected to the second piping, and including a safety valve 26.

[0092] Furthermore, the outdoor-side circuit 10 and the indoor-side circuit 20 differ from those of Embodiment 1 in that
the outdoor-side and indoor-side circuits 10 and 20 include shut-off valves 32 to 35 located upstream or downstream of the
secondary heat exchanger 30 in the flow direction of the first or second working medium. As shown in FIG 2, both the
bypass piping 17 and the gas-liquid separator 25 are located in the outdoor space.

[0093] The bypass piping 17 of the outdoor-side circuit 10 is located between the four-way valve 16 and the expansion
valve 15 and connected to the first piping 11 in parallel to the secondary heat exchanger 30. As already stated, the bypass
piping 17 is connected to the first piping 11 in parallel to the secondary heat exchanger 30. As already stated, the bypass
piping 17 is provided with the bypass piping shut-off valve 31. The first piping 11 is provided with the outdoor-side flow shut-
off valves 32 and 33, between which the secondary heat exchanger 30 is located.

[0094] One ofthe outdoor-side flow shut-off valves, namely the shut-off valve 32, is located between the secondary heat
exchanger 30 and the four-way valve 16. The other outdoor-side shut-off valve 33 is located between the secondary heat
exchanger 30 and the expansion valve 15. Between the four-way valve 16 and the expansion valve 15 there is the first heat
exchanger 13.

[0095] Inthe outdoor-side circuit 10, as described in Embodiment 1, the compressor 12 is connected to the first piping 11
viathe four-way valve 16, and the four-way valve 16 switches between different positions to change the flow direction of the
first working medium.

[0096] In the cooling operation, the first working medium compressed by the compressor 12 is delivered to the first heat
exchanger 13 through the four-way valve 16 (the direction of the arrow F1). Thus, the first working medium flows into the
secondary heat exchanger 30 through the first heat exchanger 13 and the expansion valve 15. In the heating operation, the
first working medium compressed by the compressor 12 is delivered to the secondary heat exchanger 30 through the four-
way valve 16 (the direction of the arrow F2).

[0097] Thus, during the cooling operation, the outdoor-side flow shut-off valve 32 serves as a shut-off valve that blocks
inflow into the secondary heat exchanger 30, while the outdoor-side flow shut-off valve 33 serves as a shut-off valve that
blocks outflow from the secondary heat exchanger 30. During the heating operation, the outdoor-side flow shut-off valve 33
serves as a shut-off valve that blocks inflow into the secondary heat exchanger 30, while the outdoor-side flow shut-off
valve 32 serves as a shut-off valve that blocks outflow from the secondary heat exchanger 30. Thus, in Embodiment 2, the
outdoor-side flow shut-off valves 32 and 33 are regarded as valves that block inflow of the first working medium into the
secondary heat exchanger 30 and outflow of the first working medium from the secondary heat exchanger 30, and neither
of the outdoor-side flow shut-off valves 32 and 33 is uniquely defined as a valve that blocks only inflow or outflow of the first
working medium.

[0098] The bypass piping shut-off valve 31 is normally closed, and the outdoor-side flow shut-off valves 32 and 33 are
normally open. Thus, when the outdoor-side circuit 10 is in a normal operation, the first working medium flows through the
secondary heat exchanger 30. Once the bypass piping shut-off valve 31 is opened and the outdoor-side flow shut-off
valves 32 and 33 are closed, the first working medium flows between the four-way valve 16 and the expansion valve 15
without passing through the secondary heat exchanger 30 (while bypassing the secondary heat exchanger 30).
[0099] As described above, when the outdoor-side circuit 10 is provided with the bypass piping 17 for bypassing the
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secondary heat exchanger 30 and the bypass piping 17 includes the bypass piping shut-off valve 31, it becomes possible
to choose whether to allow the first working medium containing a fluoroolefin to flow through the secondary heat exchanger
30 or allow the first working medium to bypass the secondary heat exchanger 30 while circulating in the outdoor-side circuit
10. Thus, in the event that disproportionation of the fluoroolefin occurs in the outdoor-side circuit 10, the impact of the
disproportionation on the secondary heat exchanger 30 can be further reduced, and the impact of the disproportionation
on the indoor equipment can be more effectively avoided.

[0100] Additionally, the presence of the outdoor-side flow shut-off valves 32 and 33, which block inflow of the first working
medium into the secondary heat exchanger 30 and outflow of the first working medium from the secondary heat exchanger
30, makes it possible to stop the first working medium from flowing through the secondary heat exchanger 30 in the event
that disproportionation of the fluoroolefin occurs in the outdoor-side circuit 10. Thus, the possibility of disproportionation
having an impact on the secondary heat exchanger 30, and the possibility of disproportionation having an impact on the
indoor-side circuit 20 through the secondary heat exchanger 30, can be more effectively reduced.

[0101] The opening and closing of the bypass piping shut-off valve 31 may be in conjunction with or independent of the
opening and closing of the outdoor-side flow shut-off valves 32 and 33. For example, when the first working medium is
allowed to flow through the bypass piping 17 and stopped from flowing through the secondary heat exchanger 30, the
outdoor-side flow shut-off valves 32 and 33 may be closed in conjunction with the opening of the bypass piping shut-off
valve 31. When the first working medium is allowed to flow through the bypass piping 17 but not blocked from flowing
through the secondary heat exchanger 30, the shut-off valves 31 to 33 need not be operated in conjunction with one
another. In this case, the outdoor-side flow shut-off valves 32 and 33 may be operated in conjunction with each other.

[0102] When the first working medium need not be allowed to flow through the bypass piping 17 but only has to be
stopped from flowing through the secondary heat exchanger 30, the shut-off valves 31 to 33 need not be operated in
conjunction with one another, and it suffices to close the outdoor-side flow shut-off valves 32 and 33. When, for example,
there is a need to stop only outflow of the first working medium from the secondary heat exchanger 30 or stop only inflow of
the firstworking medium into the secondary heat exchanger 30, the outdoor-side flow shut-off valves 32 and 33 need notbe
operated in conjunction with each other.

[0103] The gas-liquid separator 25 of the indoor-side circuit 20 is located downstream of the secondary heat exchanger
30 in the flow direction of the second working medium. Thus, in the configuration shown in FIG 2, the pump 22, the
secondary heat exchanger 30, the gas-liquid separator 25, and the second heat exchanger 23 are arranged in this order
and connected in a loop by the second piping 21.

[0104] The second piping 21 is provided with an indoor-side inflow shut-off valve 34 located to block inflow of the second
working medium into the secondary heat exchanger 30 (located upstream of the secondary heat exchanger 30 in the flow
direction of the second working medium). The indoor-side inflow shut-off valve 34 is normally open, and the closing of the
indoor-side inflow shut-off valve 34 takes place in conjunction with the operation of the pump 22. Specifically, the pump 22
is stopped when the indoor-side inflow shut-off valve 34 is closed to block inflow of the second working medium into the
secondary heat exchanger 30.

[0105] The second piping 21 is further provided with an indoor-side outflow shut-off valve 35 located to block outflow of
the second working medium from the gas-liquid separator 25 (located downstream of the gas-liquid separator 25 in the flow
direction of the second working medium). The indoor-side outflow shut-off valve 35 is also normally open.

[0106] Theinclusion ofthe gas-liquid separator 25 in the indoor-side circuit 20 is advantageous because, in case that the
first working medium enters the indoor-side circuit 20 within the secondary heat exchanger 30, the first working medium
mixed into the second working medium can be separated by the gas-liquid separator 25. In addition, since the gas-liquid
separator 25 is located in the outdoor space, the first working medium entering the indoor-side circuit 20 can be discharged
to the outdoor space at a given pressure through the safety valve 26. Thus, in the event that disproportionation of the
fluoroolefin occurs in the outdoor-side circuit 10 and has an impact on the secondary heat exchanger 30, the possibility of
the impact affecting the indoor equipment can be more effectively avoided.

[0107] The presence of the indoor-side outflow shut-off valve 35 located to block outflow of the second working medium
from the gas-liquid separator 25 offers, for example, the following advantage: in case that the first working medium enters
the indoor-side circuit 20 within the secondary heat exchanger 30 and reaches the gas-liquid separator 25, the indoor-side
outflow shut-off valve 35 can be closed to avoid the possibility that the first working medium flows into a region downstream
of the gas-liquid separator 25 in the indoor-side circuit 20. Thus, in the event that disproportionation occurs and has an
impact on the gas-liquid separator 25 through the secondary heat exchanger 30, the possibility of the impact affecting the
indoor equipment can be more effectively avoided.

[0108] The presence of the indoor-side inflow shut-off valve 34 located to block inflow of the second working medium into
the secondary heat exchanger 30 offers the following advantage: in case that disproportionation of the fluoroolefin occurs
in the outdoor-side circuit 10, the indoor-side inflow shut-off valve 34 can be closed in the indoor-side circuit 20 to stop
inflow of the second working medium into the secondary heat exchanger 30 and, as stated above, the pump 22 is stopped
in conjunction with the closing of the indoor-side inflow shut-off valve 34. Thus, the possibility of the disproportionation
having animpact on the secondary heat exchanger 30 can be further reduced, and the possibility of the impact affecting the
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indoor equipment can be more effectively avoided.

[0109] The shut-off valves 31 to 35 are notlimited to particular configurations, and any control valves known in the field of
refrigeration apparatuses can be suitably used. Typically, gate valves or ball valves, which have high on-off performance in
terms of permitting and blocking passage of fluids such as refrigerants, can be suitably used. If necessary, any other known
control valves may be used.

[0110] The gas-liquid separator 25 is not limited to a particular configuration, and any known configuration can be
suitably employed. For example, surface tension-type or centrifugal-type gas-liquid separators are generally known in the
field of refrigerants, and any of these types of gas-liquid separators can be used as the gas-liquid separator 25. In
Embodiment 2, an oil separator-type gas-liquid separator or a gas-liquid separator including a tank (these types will be
collectively referred to as "oil separator type" for convenience of explanation) is typically used as the gas-liquid separator
25.

[0111] Examples of the gas-liquid separator 25 of the oil separator type include gas-liquid separators as taught in
Japanese Patent No. 6264688, Japanese Patent No. 6497582, and Japanese Patent No. 6555584 which are patent
publications of earlier Japanese patent applications filed by the present applicant. The contents of these Japanese patent
publications are incorporated herein by reference.

[0112] Forexample, the gas-liquid separator 25 of the oil separator type includes: a tank having an internal space with a
given volume; gas piping and inlet piping connected to an upper portion of the tank; and outlet piping connected to a lower
portion of the tank.

[0113] When the refrigerant fluid flowing into the tank is, for example, a mixture of a liquid refrigerant and a gaseous
refrigerant (liquid/gas refrigerant mixture), the liquid/gas refrigerant mixture flows into the tank through the inlet piping
connected to the upper portion of the tank and is retained in the tank for some time, during which the mixture becomes
separated into the liquid refrigerant and the gaseous refrigerant. The liquid refrigerant flows out of the tank through the
outlet piping connected to the lower portion of the tank, while the gaseous refrigerant flows out of the tank through the gas
piping connected to the upper portion of the tank.

[0114] Forexample, when the second working medium circulating in the indoor-side circuit 20 is a liquid refrigerant and
the first working medium containing a fluoroolefin mixes into the second working medium in the secondary heat exchanger
30, the mixture can be retained in the tank for some time to separate the mixture into the second working mediumwhichisa
liquid refrigerant and the first working medium which is a gaseous refrigerant.

[0115] When the second working medium is a gaseous refrigerant and the first working medium (gaseous refrigerant)
mixes into the second working medium (gaseous refrigerant), the mixture of the gaseous refrigerants may be expanded by
an expansion valve to make one of the gaseous refrigerants easier to evaporate, and the expanded mixture may be
retained in the tank at a controlled internal pressure for some time to separate the mixture into a liquid refrigerant and a
gaseous refrigerant. In the case where the liquid refrigerant thus separated should be circulated in the form of a gaseous
refrigerant, the separator may, for example, include liquid piping in addition to the outlet piping. The liquid piping is
connected to an expansion valve, and the liquid refrigerant can be expanded by the expansion valve and turned into a
gaseous refrigerant to be returned to the second piping 21.

[0116] In Embodiment 2, the refrigeration apparatus R2 may include the bypass piping 17 and the shut-off valves 31 to
33 and be devoid of the gas-liquid separator 25 and the shut-off valves 34 and 35. Alternatively, the refrigeration apparatus
R2 may include the gas-liquid separator 25 and the shut-off valves 34 and 35 and be devoid of the bypass piping 17 and the
shut-off valves 31 to 33.

[0117] Alternatively, the refrigeration apparatus R2 according to Embodiment 2 may be devoid of one or more of the
shut-off valves 31 to 35. For example, the indoor-side circuit 20 may include only the indoor-side inflow shut-off valve 34
and be devoid of the indoor-side outflow shut-off valve 35. Alternatively, the indoor-side circuit 20 may include only the
indoor-side outflow shut-off valve 35 and be devoid of the indoor-side inflow shut-off valve 34.

(Embodiment 3)

[0118] Arefrigeration apparatus R3 shown in FIG 3 is a typical example of a configuration according to Embodiment 3.
As shown in FIG 3 and similarly to the refrigeration apparatuses R1 and R2 according to Embodiments 1 and 2 described
above, the refrigeration apparatus R3 according to Embodiment 3 includes the outdoor-side circuit 10 and the indoor-side
circuit 20, which are thermally connected by the secondary heat exchanger 30.

[0119] Most of the details (including the first and second working media) of the configuration of the refrigeration
apparatus R3 are as described above for Embodiment 1 or 2. Thus, those features of the refrigeration apparatus R3
according to Embodiment 3 which are common to the refrigeration apparatus R1 or R2 will not be described in detail below.
[0120] The refrigeration apparatus R3 according to Embodiment 3 differs from the refrigeration apparatus R1 or R2
according to Embodiment 1 or 2 in that, as shown in FIG 3, the refrigeration apparatus R3 includes a temperature sensor 41
(first working medium temperature detector) that measures (detects) the temperature of the first working medium flowing
in the first piping. As shown in FIG 3, the temperature of the flowing first working medium as measured by the temperature
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sensor 41 is used in control performed by a control unit 40.

[0121] The control unit40 performs control also in the refrigeration apparatus R1 or R2 according to Embodiment 1 or 2
described above. In Embodiment 3, control that the control unit 40 performs using a detection result obtained by the
temperature sensor 41 will be described. To this end, FIG 3 shows the control unit 40 and schematically depicts a control
signal by a dotted arrow.

[0122] The control unit 40 controls the operation of the refrigeration apparatus R3 (the operation of the refrigeration
apparatus R1 or R2 according to Embodiment 1 or 2 described above is also controlled by the control unit 40). Thus, the
control unit 40 controls the compressor 12, the four-way valve 16, the pump 22, the first blower 14, the second blower 24
etc., although control signals related to these devices are omitted in FIG 3. In Embodiment 3, upon determining that the
temperature of the first working medium as measured (detected) by the temperature sensor 41 has reached a
predetermined temperature, the control unit 40 performs control to open the bypass piping shut-off valve 31 of the
bypass piping 17.

[0123] Specifically, the control unit 40 continually monitors the temperature of the first working medium containing a
fluoroolefin by means of the temperature sensor 41 and, upon determining that the temperature has reached the
predetermined temperature, opens the bypass piping shut-off valve 31 to allow the first working medium to flow into
the bypass piping 17. As stated above, disproportionation of the fluoroolefin is believed to be induced, for example, by high
pressure or generated heat, and the occurrence of disproportionation entails a large amount of heat release. Thus, the
temperature of the first working medium can be used as a direct indicator for determining the occurrence or risk of
disproportionation.

[0124] Based ona measurement result obtained by the temperature sensor 41, the bypass piping shut-off valve 31 can
be controlled to allow the first working medium to bypass the secondary heat exchanger 30 and flow through the bypass
piping 17. Thus, the possibility of disproportionation having an impact on the secondary heat exchanger 30 can be further
reduced, and the possibility of the impact affecting the indoor equipment can be more effectively avoided. As described
above in Embodiment 2, the outdoor-side flow shut-off valves 32 and 33 may also be controlled and opened in conjunction
with the closing of the bypass piping shut-off valve 31.

[0125] Alternatively, upon determining, based on a measurement result obtained by the temperature sensor 41, that the
temperature of the first working medium has reached the predetermined temperature, the control unit 40 performs control
to close the outdoor-side flow shut-off valves 32 and 33 and stop the operation of the outdoor-side circuit 10. Thus, the
possibility of disproportionation having an impact on the secondary heat exchanger 30 can be further reduced, and a chain
reaction of disproportionation can be inhibited in the outdoor-side circuit 10. In this case where the operation of the outdoor-
side circuit 10 is stopped, the outdoor-side circuit 10 need not necessarily include the bypass piping 17.

[0126] The control unit40 may further perform control to close the indoor-side inflow shut-off valve 34 of the indoor-side
circuit 20 or stop the operation of the indoor-side circuit 20 in conjunction with performing control to open the bypass piping
shut-off valve 31 or performing control to close the outdoor-side flow shut-off valves 32 and 33 and stop the operation of the
outdoor-side circuit 10. In this case, the possibility of disproportionation having an impact on the indoor-side circuit 20 can
be further reduced.

[0127] In Embodiment 3, when closing the outdoor-side flow shut-off valves 32 and 33 to block inflow of the first working
medium into the secondary heat exchanger 30, the control unit 40 need not perform control to stop the operation of the
outdoor-side circuit 10 or the indoor-side circuit 20.

[0128] Forexample, in the case where the control unit 40 performs control to close the outdoor-side flow shut-off valves
32 and 33 based on a measurement result obtained by the temperature sensor 41, the control unit 40 may further perform
control to open the bypass piping shut-off valve 31. This also makes it possible to prevent the first working medium from
flowing through the secondary heat exchanger 30. Thus, the control unit 40 may let the outdoor-side circuit 10 continue to
operate by allowing the first working medium to flow through the bypass piping 17 and, once the measurement result
obtained by the temperature sensor 41 falls below the predetermined temperature, may perform control to open the
outdoor-side flow shut-off valves 32 and 33.

[0129] Alternatively, in the case where the control unit 40 performs control to close the outdoor-side flow shut-off valves
32 and 33 and stop the operation of the outdoor-side circuit 10 based on a measurementresult obtained by the temperature
sensor 41, the control unit 40 may let the indoor-side circuit 20 continue to operate. In this case, for example, the indoor-
side inflow shut-off valve 34 may be left open while the indoor-side outflow shut-off valve 35 is closed, so that the first
working medium (or any other substance such as a reaction product of disproportionation) mixed in the second working
medium may be removed by the gas-liquid separator 25.

[0130] Thetemperature sensor41 is notlimited to a particular configuration, and any temperature detector known in the
field of refrigeration apparatuses can be used. Typical examples of the temperature sensor 41 include, but are not limited
to, aresistance temperature detector, a thermocouple temperature sensor, and a thermistor. The temperature sensor 41 is
not limited to a particular location on the first piping 11 and may be at any location where the temperature sensor 41 can
reliably measure the temperature of the first working medium. Typically, the temperature sensor 41 may be at a location
where the temperature sensor 41 can measure the temperature of the first working medium discharged from the
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compressor 12 (location in a pipe connected to the discharge outlet of the compressor 12).

[0131] The control unit 40 is not limited to a particular configuration, and any commonly known configuration can be
suitably employed. Specifically, the control unit 40 is configured as hardware including various processors and integrated
circuits (ICs) such as ASIC (Application Specific Integrated Circuit), FPGA (Field Programmable Gate Array), and CPLD
(Complex Programmable Logic Device). This sort of hardware can be considered circuitry including active elements (such
as transistors) and passive elements (such as capacitors and resistors). The integrated circuits may include a storage
device, or the hardware may include a storage device such as a volatile memory (RAM) or a non-volatile memory (ROM)
independent of the integrated circuits. The storage device stores software including control programs for performing the
control procedures described above and data necessary for executing the control programs. Thus, the control unit 40 is
configured as a combination of hardware and software, and the software may be any software that can constitute the
control unit 40 together with the hardware.

[0132] The presentinventionis notlimited to the embodiments described above, and various modifications can be made
insofar as the modifications come within the scope as defined by the appended claims. The technical scope of the present
invention encompasses embodiments obtained by combining technical features disclosed in different embodiments or
variants.

[0133] From the foregoing description, numerous modifications and other embodiments of the present invention are
obvious to those skilled in the art. Accordingly, the foregoing description is to be construed as illustrative only, and is
provided for the purpose of teaching those skilled in the art the best mode for carrying out the present invention. The
structural and/or functional details may be substantially modified without departing from the scope of the presentinvention.

(Additional statements)

[0134] The present specification discloses the following technologies based on the embodiments described above.
[0135] (Technology 1) A refrigeration apparatus including: a first heat exchanger; a second heat exchanger; a
compressor; and an expansion mechanism, wherein the first heat exchanger, the compressor, and the expansion
mechanism are located in an outdoor space and connected to first piping that allows a first working medium to circulate
through the first heat exchanger, the compressor, and the expansion mechanism, the first heat exchanger, the com-
pressor, the expansion mechanism, and the first piping constituting an outdoor-side circuit, the second heat exchanger is
located in an indoor space and connected to second piping that allows a second working medium to circulate through the
second heat exchanger, the second heat exchanger and the second piping constituting an indoor-side circuit, the
refrigeration apparatus further includes a secondary heat exchanger located between the first piping and the second
piping to effect heat exchange between the first working medium and the second working medium, the secondary heat
exchangerislocated in the outdoor space, the first working medium contains atleast a fluoroolefin, and the second working
medium contains no fluoroolefin.

[0136] (Technology2) The refrigeration apparatus accordingto technology 1, further including bypass piping connected
to the first piping in parallel to the secondary heat exchanger and including a shut-off valve, wherein the bypass piping is
located in the outdoor space.

[0137] (Technology 3) The refrigeration apparatus according to technology 1 or 2, wherein the indoor-side circuit
includes a pump that pumps the second working medium to the second heat exchanger, and an indoor-side inflow shut-off
valve thatblocks inflow of the second working medium into the secondary heat exchanger, and the pump is stopped in case
that the indoor-side inflow shut-off valve blocks the inflow of the second working medium.

[0138] (Technology 4) The refrigeration apparatus according to any one of technologies 1 to 3, wherein the indoor-side
circuit further includes a gas-liquid separator connected to the second piping and located in the outdoor space, and the
gas-liquid separator includes a safety valve that discharges a gas at a predetermined pressure.

[0139] (Technology 5) The refrigeration apparatus according to technology 4, wherein the indoor-side circuit further
includes an indoor-side outflow shut-off valve located to block outflow from the gas-liquid separator.

[0140] (Technology 6) The refrigeration apparatus according to any one of technologies 2 to 5, further including: a
controller; and a first working medium temperature detector that measures a temperature of the first working medium
flowing in the first piping, wherein the controller opens the shut-off valve of the bypass piping in case that the temperature
measured by the first working medium temperature detector has reached a predetermined temperature.

[0141] (Technology 7) The refrigeration apparatus according to any one of technologies 2 to 5, further including: a
controller; and a first working medium temperature detector that measures a temperature of the first working medium
flowing in the first piping, wherein the outdoor-side circuit further includes an outdoor-side flow shut-off valve that blocks
inflow of the first working medium into the secondary heat exchanger and outflow of the first working medium from the
secondary heat exchanger, and the controller closes the outdoor-side flow shut-off valve and stops operation of the
outdoor-side circuitin case that the temperature measured by the first working medium temperature detector has reached
a predetermined temperature.

[0142] (Technology 8) The refrigeration apparatus according to any one of technologies 1 to 7, wherein the secondary
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heat exchanger is a plate heat exchanger, a double pipe heat exchanger, or a shell-and-tube heat exchanger.

[0143] (Technology 9) The refrigeration apparatus according to technology 8, wherein the first working medium is a
refrigerant mixture containing propane in addition to the fluoroolefin.

[0144] (Technology 10) The refrigeration apparatus according to any one of technologies 1 to 8, wherein the first working
medium further contains a disproportionation inhibitor.

[0145] (Technology 11) The refrigeration apparatus according to technology 8 or 9, wherein the second working medium
is a liquid refrigerant or a low-pressure refrigerant.

Industrial Applicability

[0146] The presentinvention can be applied widely and suitably in the field of refrigeration apparatuses, in particular in
the field of refrigeration apparatuses using a fluoroolefin-containing working medium in a refrigeration cycle including a
Compressor.

Reference Signs List
[0147]

10: outdoor-side circuit

11: first piping

12: compressor

13: first heat exchanger

14: first blower

15: expansion valve (expansion mechanism)
16: four-way valve

17: bypass piping

20: indoor-side circuit

21: second piping

22: pump

23: second heat exchanger

24: second blower

25: gas-liquid separator

26: safety valve

30: secondary heat exchanger

31: bypass piping shut-off valve

32: outdoor-side flow shut-off valve

33: outdoor-side flow shut-off valve

34: indoor-side inflow shut-off valve

35: indoor-side outflow shut-off valve

40: control unit (controller)

41: temperature sensor (first working medium temperature detector)
F1, F2: flow direction of first working medium
F3: flow direction of second working medium
R1: refrigeration apparatus

R2: refrigeration apparatus

R3: refrigeration apparatus

Claims
1. A refrigeration apparatus comprising:

a first heat exchanger;

a second heat exchanger;

a compressor; and

an expansion mechanism, wherein

the first heat exchanger, the compressor, and the expansion mechanism are located in an outdoor space and
connected to first piping that allows a first working medium to circulate through the first heat exchanger, the
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compressor, and the expansion mechanism, the first heat exchanger, the compressor, the expansion mechan-
ism, and the first piping constituting an outdoor-side circuit,

the second heat exchanger is located in an indoor space and connected to second piping that allows a second
working medium to circulate through the second heat exchanger, the second heat exchanger and the second
piping constituting an indoor-side circuit,

the refrigeration apparatus further comprises a secondary heat exchanger located between the first piping and
the second piping to effect heat exchange between the first working medium and the second working medium,
the secondary heat exchanger is located in the outdoor space,

the first working medium contains at least a fluoroolefin, and

the second working medium contains no fluoroolefin.

The refrigeration apparatus according to claim 1, further comprising bypass piping connected to the first piping in
parallel to the secondary heat exchanger and including a shut-off valve, wherein
the bypass piping is located in the outdoor space.

The refrigeration apparatus according to claim 1 or 2, wherein
the indoor-side circuit includes

a pump that pumps the second working medium to the second heat exchanger, and
an indoor-side inflow shut-off valve that blocks inflow of the second working medium into the secondary heat
exchanger, and

the pump is stopped in case that the indoor-side inflow shut-off valve blocks the inflow of the second working
medium.

The refrigeration apparatus according to claim 1 or 2, wherein

the indoor-side circuit further includes a gas-liquid separator connected to the second piping and located in the
outdoor space, and
the gas-liquid separator includes a safety valve that discharges a gas at a predetermined pressure.

The refrigeration apparatus according to claim 4, wherein
the indoor-side circuit further includes an indoor-side outflow shut-off valve located to block outflow from the gas-liquid
separator.

The refrigeration apparatus according to claim 2, further comprising:

a controller; and

a first working medium temperature detector that measures a temperature of the first working medium flowing in
the first piping, wherein

the controller opens the shut-off valve of the bypass piping in case that the temperature measured by the first
working medium temperature detector has reached a predetermined temperature.

The refrigeration apparatus according to claim 2, further comprising:

a controller; and

a first working medium temperature detector that measures a temperature of the first working medium flowing in
the first piping, wherein

the outdoor-side circuit further includes an outdoor-side flow shut-off valve that blocks inflow of the first working
medium into the secondary heat exchanger and outflow of the first working medium from the secondary heat
exchanger, and

the controller closes the outdoor-side flow shut-off valve and stops operation of the outdoor-side circuit in case
that the temperature measured by the first working medium temperature detector has reached a predetermined
temperature.

8. The refrigeration apparatus according to claim 1 or 2, wherein

the secondary heat exchanger is a plate heat exchanger, a double pipe heat exchanger, or a shell-and-tube heat
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exchanger.

The refrigeration apparatus according to claim 8, wherein
the first working medium is a refrigerant mixture containing propane in addition to the fluoroolefin.

The refrigeration apparatus according to claim 1 or 2, wherein
the first working medium further contains a disproportionation inhibitor.

The refrigeration apparatus according to claim 8 or 9, wherein
the second working medium is a liquid refrigerant or a low-pressure refrigerant.
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Fig. 1
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Fig. 2
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