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(57) Abstract: The present disclosure relates to a refrigerant circuit for cooling and/or heating purposes. In particular, the disclosure
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thermal storage (20), and a second fluid communication pipe (40) communicating between the expansion device (12) and the other
side of the thermal storage (20).
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Description

Title of Invention: REFRIGERANT CIRCUIT FOR A RE-
FRIGERATION APPARATUS WITH A THERMAL STORAGE
AND METHOD FOR CONTROLLING A REFRIGERANT

[0001]

[0002]

[0003]

[0004]

CIRCUIT
Technical Field

The present disclosure relates to a refrigerant circuit for cooling and/or heating
purposes. In particular, the disclosure relates to a refrigerant circuit for a refrigeration
apparatus with a thermal storage particularly a thermal storage with a phase changing
material (PCM). Even more particular, the disclosure relates to a refrigerant circuit for
a refrigeration apparatus with a thermal storage using CO, as a refrigerant.
Background Art

As described in EP 2 402 681 Al, conventionally, a refrigerating apparatus has been
known, which includes a refrigerant circuit performing a refrigeration cycle. The re-
frigerating apparatus of this type has been widely used for coolers such as refrigerators
and freezers for storing food etc. and air conditioners for cooling/heating an inside of a
room.

Moreover, EP 2 844 924 B1 discloses an air-conditioning system comprising: a
chiller system including a compressor, a condenser, an expansion device and an
evaporator, a phase change material in thermal communication with the condenser, an
actuator coupled to the phase change material; and a controller providing a trigger
signal to the actuator to initiate changing the phase change material from a supercooled
state to a solid state, wherein the phase change material includes a coolant supply line
in thermal communication with the phase change material and the coolant supply line
is coupled to the chiller system. The phase change material is selected so that the phase
change material transitions from liquid to solid when cooling demand on the chiller
system is low or non-existent. This may occur in the evening, when ambient tem-
peratures are lower. During the day, the solid or frozen phase change material absorbs
energy from the condenser, improving the efficiency of the condenser when the chiller
system is running and increasing efficiency and capacity of the chiller system.

The air-conditioning system described in EP 2 844 924 B1 aims to provide a system
that is capable of balancing cooling demand by using a phase change material as a heat
buffer between the condenser and the ambient air temperature. During the day, the
phase change material absorbs the heat from the condenser and release it to the outside

air. Due to its thermal capacity and the latent heat release, the phase change material
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will heat up slower than air and thus result in higher energy efficiency. At night, the
phase change material is cooled down faster by the fresher air temperature using the

fan only.
However, active cooling of the phase change material with the fan is inefficient,

therefore, said system is particularly not suitable for regions with warmer climates,
where air temperatures at night remain high. Moreover, the described system is not
able to realize big improvements with regard to energy efficiency but will “flatten out”
the energy consumption pattern due to the thermal response time of the phase change
material. This is in particular true, since the active cooling of the phase change material
also causes heating of the condenser, as the condenser is in thermal communication
with the phase change material, and no control of the use of the phase change material
is possible.

Additionally, fluorocarbon has been conventionally used as a refrigerant in re-
frigeration systems. However, following the Montreal Protocol in 1987 and the Kyoto
Protocol in 1997, artificially developed substitute chlorofluorocarbons, whose ozone
depletion potential is low, have become commonly used as refrigerants. Yet, in recent
years, the development of technology using even more environmentally friendly sub-
stitutes, particularly using natural refrigerants such as carbon dioxide, ammonia, hy-
drocarbons (isobutene, propane, etc.), water and air, has progressed. These natural re-
frigerants are materials that have the property that, when compared with the afore-
mentioned chlorofluorocarbons and substitute chlorofluorocarbons, their GWP (Global
Warming Potential) value is extremely low.

Among these, carbon dioxide is known as a material whose ozone depletion potential
is zero, whose global warming potential is also much lower in comparison to con-
ventional refrigerants, which has no toxicity, is non-flammable, and whose efficiency
in creating a high temperature is good among natural refrigerants, and from envi-
ronmental/energy aspects and safety aspects, carbon dioxide is garnering attention as a
refrigerant in air conditioners.

However, carbon dioxide (CO,) performs at high outside temperatures with a lower
efficiency than fluorinated refrigerants. Accordingly, on an annual base the per-
formance of an air conditioner system using CO, as a refrigerant is lower compared to

fluorinated refrigerants, particularly in warmer climates.

Summary of Invention

In view of the above, there is the desire to provide a refrigerant circuit for a re-
frigeration apparatus with a thermal storage, which is using carbon dioxide (CO,) as re-
frigerant, allowing the storage of thermal energy, particularly cold, for example when

outside temperatures are low, preferably during the night, and use the thermal energy
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during peak temperatures during the day when transcritical conditions occur or during
peak demand, in order to substantially prevent a decrease in cooling efficiency, which
is particularly due to the use of a natural refrigerant like carbon dioxide, while ensuring
a high cooling capacity and providing flexibility with regard to charging the thermal
storage with cold. Additionally, if circumstances require it or allow it, the provided re-
frigerant circuit should also be able to store thermal energy, particularly cold, even
during peak temperatures when for example much/excess PV power (CO, neutral
energy generation) is available.

This aim may be achieved by a refrigerant circuit as defined in claim 1. Em-
bodiments may be found in the dependent claims, the following description and the ac-
companying drawings.

According to a first aspect of present disclosure, a refrigerant circuit for a re-
frigeration apparatus with a thermal storage, which is using carbon dioxide (CO,) as re-
frigerant, includes: at least one compressor, a heat-source-side heat exchanger, an
expansion device, and a thermal storage, including a thermal storage material, par-
ticularly a phase changing material (PCM) from the group: organic PCMs like bio-
based, paraffin, carbohydrate or lipid derived, or water, wherein the refrigerant circuit
further includes: a first fluid communication pipe communicating between a fluid side
of the heat-source-side heat exchanger and one side of the thermal storage, and a
second fluid communication pipe communicating between the expansion device and
the other side of the thermal storage.

Hence, a refrigerant circuit is provided, capable of storing thermal energy, par-
ticularly cold, when for example outside temperatures are low, and using the stored
thermal energy during peak temperatures during the day when transcritical conditions
occur or during peak demand, in order to substantially prevent a decrease in cooling ef-
ficiency, which is particularly due to the use of a natural refrigerant like carbon
dioxide, while ensuring a high cooling capacity and providing flexibility with regard to
charging the thermal storage with cold. Additionally, the provided refrigerant circuit
also allows to store thermal energy, particularly cold, during peak temperatures, if
other circumstances require it or make it possible, like for example excess of PV
(photovoltaic) power or other CO, neutral generated electric power. Accordingly, the
provided refrigerant circuit can not only store thermal energy when low outside tem-
peratures allow it, but also by availability of excessive renewable electricity, which in
total will decrease CO, emissions even further, even if the refrigerant circuit is less
efficient.

As regards the term “natural” concerning the “natural refrigerant”, the term defines in
the present disclosure refrigerants that occur naturally.

Moreover, in the present disclosure the term “fluid” concerning the “fluid commu-
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nication pipe(s)” and the “fluid port(s)” is used as the fluid, particularly the CO,,
flowing there through is in a supercritical condition (supercritical fluid), which means,
the fluid is at a temperature and pressure above its critical point, where distinct liquid
and gas phases do not exist. Accordingly, the “fluid communication pipe(s)” and the
“fluid port(s)” are common “liquid communication pipe(s)” and “liquid port(s)”, only
emphasizing that the fluid flowing there through is in a supercritical condition.

According to a second aspect, the refrigerant circuit further includes a first switching
mechanism located/provided on the first fluid communication pipe and communicating
among the heat-source-side heat exchanger, the thermal storage, a third fluid commu-
nication pipe, and a first gas communication pipe, wherein the third fluid commu-
nication pipe communicates to the expansion device and the first gas communication
pipe communicates to a suction side of the compressor.

According to a third aspect, the first switching mechanism may include: a first valve,
which is a three-way valve, communicating among the heat-source-side heat
exchanger, the expansion device and the thermal storage, and preferably a second
valve, which is a three-way valve and located/provided between the first valve and the
thermal storage, communicating among the first valve, the thermal storage and the first
gas communication pipe.

According to a fourth aspect, the first switching mechanism may include: a first
valve, which is a four-way valve, communicating among the heat-source-side heat
exchanger, the thermal storage, the first gas communication pipe and the expansion
device, wherein the first switching mechanism preferably further comprises a check
valve that stops a backflow from the third fluid communication pipe to the first valve.

According to a fifth aspect, the refrigerant circuit may include a second switching
mechanism located/provided on the second fluid communication pipe and commu-
nicating among the thermal storage, the expansion device and a fourth fluid commu-
nication pipe, wherein the fourth fluid communication pipe is communicating to a uti-
lization-side heat exchanger.

According to a sixth aspect, the second switching mechanism may be a valve, which
is a three-way valve, communicating among the thermal storage, the expansion valve
and the utilization-side heat exchanger, wherein preferably an expansion device is
provided on the fourth fluid communication pipe, located/provided between the second
switching mechanism and the utilization-side heat exchanger.

According to a seventh aspect, the refrigerant circuit further comprising a receiver,
which is preferably located/provided on the third fluid communication pipe, preferably
between the expansion device and a/the utilization-side heat exchanger, wherein the
receiver is configured to separate liquid refrigerant and gas refrigerant.

According to a eighth aspect, the refrigerant circuit further includes a subcooling heat
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exchanger, which is preferably located/provided between a/the utilization-side heat
exchanger and the expansion device, more preferably between the utilization-side heat
exchanger and a/the receiver.

According to a ninth aspect, the refrigerant circuit further includes an expansion
device, particularly a storage side expansion valve, located on the fourth fluid commu-
nication pipe and between the second switching mechanism and the utilization-side
heat exchanger, and a controller configured to select modes of operation, wherein the
modes comprise:

a normal refrigeration and/or cooling mode, a cold storage making mode and a cold
storage using mode, wherein particularly:

in the normal refrigeration and/or cooling mode the first switching mechanism is set
so that the first fluid communication pipe and the third fluid communication pipe are
communicated, and the expansion device is closed,

in the cold storage making mode the first switching mechanism is set so that the first
fluid communication pipe and the third fluid communication pipe are communicated
and the first gas communication pipe and the thermal storage are communicated, the
second switching mechanism is set so that the fourth fluid communication pipe and the
thermal storage are communicated, and the expansion device is opened, and

in the cold storage using mode the first switching mechanism is set so that first fluid
communication pipe and the thermal storage are communicated, the second switching
mechanism is set so that the second fluid communication pipe and the thermal storage
are communicated, and the expansion device is closed.

According to a tenth aspect, the refrigerant circuit may further include an outside
temperature sensor, a gas cooler out temperature sensor, a thermal storage medium
temperature sensor, and a discharge side pressure sensor, provided on the high pressure
side of the at least one compressor.

According to a eleventh aspect, the refrigerant circuit may further include a thermal
storage unit having the thermal storage and comprising a water circuit, a refrigerant to
phase change material (PCM) circuit or a refrigerant to water to phase change material
(PCM) circuit, wherein the refrigerant to water to phase change material (PCM) circuit
includes a heat exchanger, particularly a plate heat exchanger, and a circulating pump.

According to a twelfth aspect, the refrigerant circuit may further include a thermal
storage unit including the first switching mechanism and the second switching
mechanism.

According to a thirteenth aspect, the refrigerant circuit with the receiver may further
include a heat exchange unit unit including the receiver and the subcooling heat
exchanger.

According to a fourteenth aspect ,a method for controlling a refrigerant circuit, par-
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ticularly the above described refrigerant circuit, for a refrigerant apparatus with a
thermal storage which is using CO, as refrigerant, the method comprising different
modes of operation, wherein the modes comprise:

a normal refrigeration and/or cooling mode, a cold storage making mode and a cold
storage using mode, wherein:

in the normal refrigeration and/or cooling mode a first switching mechanism is set so
that a first fluid communication pipe and a third fluid communication pipe are com-
municated, and an expansion device is closed,

in the cold storage making mode the first switching mechanism is set so that the first
fluid communication pipe and the third fluid communication pipe are communicated
and a first gas communication pipe and the thermal storage are communicated, a
second switching mechanism is set so that a fourth fluid communication pipe and the
thermal storage are communicated, and the expansion device is opened, and

in the cold storage using mode the first switching mechanism is set so that first fluid
communication pipe and the thermal storage are communicated, the second switching
mechanism is set so that the second fluid communication pipe and the thermal storage
are communicated, and the expansion device is closed.

According to a fifteenth aspect, in the method the first fluid communication pipe may
communicate between a fluid side of a heat-source-side heat exchanger and one side of
the thermal storage, the second fluid communication pipe may communicate between
an expansion device and the other side of the thermal storage, the third fluid commu-
nication pipe may communicate to the expansion device, and/or the first gas commu-
nication pipe may communicate to a suction side of at least one compressor.

The modes of operation may further include a simultaneous cold storage making and
refrigeration and/or cooling mode, wherein the controller is configured to prioritize re-
frigeration and/or cooling over cold storage making.

Yet, the cold storage making mode may include: a cold storage making mode only
and a cold storage making and a refrigeration and/or cooling mode, and the cold
storage using mode comprises: a refrigerant and/or cooling and using cold storage
mode.

The method for controlling a refrigerant circuit can be used for controlling the re-
frigerant circuit of the disclosure. The method can also be used for controlling the
thermal storage unit described above, or vice versa. Therefore, the further features
disclosed in connection with the above description of the method for controlling a re-
frigerant circuit may also be applied to the refrigerant circuit or the thermal storage
unit of the disclosure. The same applies vice versa for the heat exchange unit.

A more complete appreciation of the present disclosure and many of the attendant ad-

vantages thereof will be readily obtained as the same becomes better understood by
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reference to the following detailed description when considered in connection with the
accompanying drawings.
Brief Description of Drawings
[Fig.1]Fig. 1 shows a conventional air-conditioning system having a supercooled phase
change material (PCM);
[Fig.2]Fig. 2 is a refrigerant circuit diagram illustrating a configuration of a refrigerant
circuit of a first embodiment;
[Fig.3]Fig. 3 is a refrigerant circuit diagram illustrating a configuration of a thermal
storage unit of a fist embodiment;
[Fig.4]Fig. 4 is a refrigerant circuit diagram illustrating a configuration of a thermal
storage unit of a second embodiment;
[Fig.5]Fig. 5 is a refrigerant circuit diagram illustrating a configuration of a thermal
storage unit of a third embodiment;
[Fig.6]Fig. 6 is a refrigerant circuit diagram illustrating a configuration of a heat
exchange unit of a first embodiment;
[Fig.7]Fig. 7 is a refrigerant circuit diagram illustrating a configuration of a re-
frigeration apparatus of a first embodiment during a normal refrigeration and cooling
operation;
[Fig.8]Fig. 8 is a refrigerant circuit diagram illustrating the refrigeration apparatus of
Fig. 7 during a refrigeration operation using the thermal storage;
[Fig.9]Fig. 9 is a refrigerant circuit diagram illustrating the refrigeration apparatus of
Fig. 7 during a refrigeration and cooling operation using the thermal storage;
[Fig.10]Fig. 10 is a refrigerant circuit diagram illustrating the refrigeration apparatus of
Fig. 7 during an only charging operation of the thermal storage;
[Fig.11]Fig. 11 is a refrigerant circuit diagram illustrating the refrigeration apparatus of
Fig. 7 during a refrigeration operation while charging the thermal storage;
[Fig.12]Fig. 12 is a refrigerant circuit diagram illustrating a configuration of a re-
frigeration apparatus of a second embodiment having a capacity increasing unit;
[Fig.13]Fig. 13 is a refrigerant circuit diagram illustrating a capacity increasing unit;
and
[Fig.14]Fig. 14 is a refrigerant circuit diagram illustrating a combi unit having a
capacity increasing unit and a thermal storage unit.
Description of Embodiments

Several embodiments of the present disclosure will now be explained with reference
to the drawings. It will be apparent to those skilled in the field of air-conditioning from
this disclosure that the following description of the embodiments is provided for il-

lustration only and not for the purpose of limiting the disclosure as defined by the
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appended claims.

Figure 1 shows a conventional air-conditioning system 100 having a supercooled
phase change material (PCM). A chiller system includes a compressor 110, a first heat
exchanger 112, an expansion device 114 and a second heat exchanger 116. The first
heat exchanger 112 may be used as a condenser coil and may be located outside of a
building or space to be conditioned. The second heat exchanger 116 may be used as an
evaporator coil. As known in the art, refrigerant is subjected to a vapor compression
cycle through compressor 110, condenser 112, expansion device 114 and evaporator
116. Heat is absorbed at evaporator 116 and heat is discharged at condenser 112.

The system of Fig. 1 may be a water chiller system. Evaporator 116 is in thermal
communication with a heat exchanger 118 (e.g., a coil) that carries a fluid coolant, e.g.,
water. A supply pump 120 circulates coolant from heat exchanger 118 cooled by
evaporator 116 to a supply valve 122. Supply valve 22 supplies chilled water to a local
zone terminal where a fan draws air over a coil to chill a space as known in the art. A
return valve 124 receives fluid returned from the local zone terminal and provides the
return fluid to heat exchanger 118.

Moreover, the condenser coil 112 as shown in Fig. 1 is in thermal communication
with a phase change material 126. A fan 128 draws air through the phase change
material 126 to aid in cooling the phase change material 126. A controller 132 then
initiates the transition of the phase change material 126 from supercooled liquid to
solid. An actuator 130 is used to initiate the transition of the phase change material 126
from supercooled liquid to solid when the phase change material 126 is in a su-
percooled state. The actuator 130 includes a thermoelectric cooler for freezing the
phase change material 126. Controller 132 receives a phase change material tem-
perature signal from a phase change material sensor 134 and an ambient temperature
signal from an ambient temperature sensor 136.

The phase change material 126 is selected so that the phase change material
transitions from liquid to solid when cooling demand on the chiller system is low or
non-existent. This may occur in the evening, when ambient temperatures are low.
During the day, the solid or frozen phase change material 126 absorbs energy from the
condenser 112 when the chiller system is running and increasing efficiency and
capacity of the chiller system.

Furthermore, Fig. 2 is a refrigerant circuit 1 diagram illustrating a configuration of a
refrigerant circuit of a first embodiment. The shown refrigerant circuit uses CO, as re-
frigerant and includes one compressor 10, a heat-source-side heat exchanger of an
outdoor unit of a so called “Conveni-Pack”, including usually coolers such as re-
frigerators and freezers for storing food etc. and air conditioners (indoor units) for

cooling/heating an inside of a room, particularly a show room/shopping room. In the
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shown refrigerant circuit only one indoor unit and one cooler are illustrated as
example, but the refrigerant circuit can naturally include several coolers and air con-
ditioners. The shown refrigerant circuit further includes a thermal storage unit 100 and
a heat exchange unit 200, which will be explained later in more detail. The thermal
storage unit 100 includes a thermal storage 20 including/accumulating a thermal
storage material 21, which is a phase changing material (PCM). The shown refrigerant
circuit further includes a first fluid communication pipe 30 that connects a fluid side of
the heat-source-side heat exchanger 11 with one side of the thermal storage 20 and a
second fluid communication pipe 40 that connects the expansion device 12 and the
other side of the thermal storage 20.

In this regard, the term “connect” is used in the present disclosure to define that two
entities, for example the “one side of the thermal storage” and the “thermal storage”,
are connected with each other by a connecting means such as a “liquid pipe” or a “gas
pipe” in such a manner that a fluid like a refrigerant can be liquid-tight and gas-tight
transferred/exchanged/flow from one entity to the other one. In other words, the
connecting means provide a fluidic connection.

The refrigerant circuit 1 further includes a first switching mechanism 31, which is
located on the first fluid communication pipe 30 and fluidically connects the heat-
source-side heat exchanger 11, the thermal storage 20, a third fluid communication
pipe 50 and a first gas communication pipe 60 with each other, wherein the third fluid
communication pipe 50 is fluidically connecting to the expansion device 12 and the
first gas communication pipe 60 is fluidically connecting to a suction side of the
compressor 10.

The shown refrigerant circuit 1 further includes a second switching mechanism 41
located on the second fluid communication pipe 40 and fluidically connects the
thermal storage 20, the expansion device 12 and a fourth fluid communication pipe 70
with each other, wherein the fourth fluid communication pipe 70 is fluidically
connecting to a utilization-side heat exchanger 80A.

Fig. 2 also shows that the refrigerant circuit 1 further comprises a receiver 201,
which is located on the third fluid communication pipe 50, between the expansion
device 12 and the utilization-side heat exchanger 80A, wherein the receiver 201 is
configured to separate the refrigerant coming from the expansion device 12 in a sub-
critical state into liquid refrigerant and gas refrigerant.

The shown refrigerant circuit 1 also indicates that the refrigerant circuit 1 can further
include an additional utilization-side heat exchanger 80B communicating on its liquid
side with the expansion device 12 via the receiver 201 and on its gas side with the
compressor 10.

As illustrated in Fig. 2, the utilization-side heat exchanger 80A can be a heat
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exchanger of an air-conditioner, particularly of an indoor unit, and the additional uti-
lization-side heat exchanger 80B can be a heat exchanger of a cooler such as a re-
frigerator or a freezer.

Fig. 3 is a refrigerant circuit diagram illustrating a configuration of a thermal storage
unit of a fist embodiment. The shown thermal storage unit 100 is part of the above
described refrigerant circuit 1, wherein the switching mechanism 1 is configured
according to a first alternative. The shown thermal storage unit 100 includes the
thermal storage 20 including the above described thermal storage material 21, which is
a phase changing material (PCM), a thermal storage unit gas port 62 communicating to
the utilization-side heat exchanger 80A, disposed outside the thermal storage unit 100,
a first thermal storage unit fluid port 72 communicating to the utilization-side heat
exchanger 80A, a second thermal storage unit fluid port 32A communicating to the
heat-source-side heat exchanger 11, disposed outside the thermal storage unit 100, and
a third thermal storage unit fluid port 52A communicating to the expansion device 12
disposed outside the thermal storage unit 100.

The shown thermal storage unit 100 further includes the first switching mechanism
31 communicating among the second thermal storage unit fluid port 32A, the third
thermal storage fluid port 52A, the thermal storage unit gas port 62 and one side of the
thermal storage 20, and the second switching mechanism 41 communicating among the
first thermal storage unit fluid port 72, the third thermal storage unit fluid port 52A and
the other side of the thermal storage 20.

Moreover, the in Fig. 3 shown thermal storage unit 100 further includes a refrigerant
heat exchange pipe 22 that is disposed inside the thermal storage 20, particularly inside
the thermal storage material 21. The first switching mechanism 31 is fluidically
connected with one side of the refrigerant heat exchange pipe 22 and the second
switching mechanism 41 is fluidically connected with the other end of the refrigerant
heat exchange pipe 22.

According to the shown embodiment, the first switching mechanism 31 includes: a
first valve 31A, which is a three-way valve, communicating among the second thermal
storage unit fluid port 32A, the third thermal storage unit fluid port 52A and the
thermal storage 20, and a second valve 31B, which is a three-way valve and located
between the first valve 31A and the thermal storage 20, communicating among the first
valve 31A, the thermal storage 20 and the thermal storage unit gas port 62.

Between the first valve 31A and the third thermal storage unit fluid port 52A is a
check valve 31A provided that stops a backflow from the third thermal storage unit
fluid port 52A to the first valve 31A.

The shown second switching mechanism 41 is a valve, which is a three-way valve,

fluidically connecting the first thermal storage unit fluid port 72, the third thermal
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storage unit fluid port 52A and the thermal storage 20 with each other, wherein an
expansion device 101 is located between the second switching mechanism 41 and the
first thermal storage unit fluid port 72.

The second thermal storage unit fluid communication pipe 40 is connected with the
third thermal storage unit fluid communication pipe 50 between the third thermal
storage unit fluid port 52A and the check valve 53. A thermal storage unit gas commu-
nication pipe 60 fluidically connects the thermal storage unit gas port 62 and the first
switching mechanism 31, particularly the second valve 31B, with each other.

Fig. 4 is a refrigerant circuit diagram illustrating a configuration of the thermal
storage unit 100 according to a second embodiment, particularly an alternative con-
figuration. The illustrated refrigerant circuit corresponds to the refrigerant circuit
disclosed in Fig. 3 except the configuration of the first switching mechanism. In the
shown alternative configuration, the first first valve 31A is a four-way valve that flu-
idically connects the second thermal storage unit fluid port 32A, the thermal storage
20, the thermal storage unit gas port 62 and the third thermal storage unit fluid port
52A.

Fig. 5 is a refrigerant circuit diagram illustrating a configuration of a thermal storage
unit 100 according to a third embodiment, particularly a third alternative. The shown
alternative does not use the above described refrigerant heat exchange pipe 22, instead
uses a heat exchanger 102. As shown, the heat exchanger 102 is preferably a plate heat
exchanger, which is on one side communicating with the first switching mechanism 31
and the second switching mechanism 41 and on the other side with the one side of the
thermal storage 20 and the other side of the thermal storage 20.

Additionally, the thermal storage unit 100 includes a circulating pump 103 that is
located on the second thermal storage unit fluid communication pipe 40, between the
heat exchanger 102 and the thermal storage 20. Accordingly, the thermal storage has a
closed loop, particularly using water as coolant. The circulating pump circulates the
coolant through the thermal storage 20, thereby the coolant exchanges heat with the
thermal storage material 21 of the thermal storage, and then to the heat exchanger 102,
where the coolant again exchanges heat with the refrigerant of the refrigerant circuit 1.
Hence, the circulating pump 103 is able to control the amount of thermal energy
exchanged between the thermal storage 20, particularly the thermal storage material
21, and the refrigerant of the refrigerant circuit 1.

The in connection with Fig. 5 described embodiment can be combined with both al-
ternatives with regard to the first switching mechanism, namely a first three-way valve
or four-way valve 31A.

Fig. 6 is a refrigerant circuit diagram illustrating a configuration of a heat exchange

unit 200 of a first embodiment. The shown heat exchange unit 200 includes the
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compressor 10, the heat-source-side heat exchanger 11 the expansion device 12, a heat
exchange unit gas port 92 communicating to the utilization-side heat exchanger 80A
disposed outside the heat exchange unit 200, a first heat exchange unit fluid port 96
communicating to the utilization-side heat exchanger 80A, a second heat exchange unit
fluid port 32B communicating to the heat-source-side heat exchanger 11, a third heat
exchange unit fluid port 52B communicating to the expansion device 12. The shown
second heat exchange unit fluid port 32B is fluidically connected to the above
described thermal storage unit 100 disposed outside the heat exchange unit 200 and the
third heat exchange unit fluid port 52B is also fluidically connected to the thermal
storage unit 100.

The shown heat exchange unit 200 further includes a heat exchange unit gas commu-
nication pipe 90 communicating between the heat exchange unit gas port 92 and the at
least one compressor 10, a first heat exchange unit fluid communication pipe 30 com-
municating between the second heat exchange unit fluid port 32B and the heat-
source-side heat exchanger 11, and a second heat exchange unit fluid communication
pipe 50 communicating between the third heat exchange unit fluid port 52B and the
first heat exchange unit fluid port 96.

The expansion device 12 is located on the second heat exchange unit fluid commu-
nication pipe 50, between the first heat exchange unit fluid port 96 and the third heat
exchange unit fluid port 52B.

The shown heat exchange unit 200 further includes the above described receiver 201,
which is located on the second heat exchange unit fluid communication pipe 50,
between the first heat exchange unit fluid port 96 and the expansion device 12, wherein
the receiver 201 is configured to separate liquid refrigerant and gas refrigerant. The
heat exchange unit 200 further includes a fourth heat exchange unit fluid port 203 flu-
idically connecting the expansion device 12 and the additional utilization-side heat
exchanger 80B disposed outside the heat exchange unit 200.

The shown heat exchange unit 200 further includes a third heat exchange unit fluid
communication pipe 202 fluidically connecting the fourth heat exchange unit fluid port
203 with the expansion device 12 and is connected with the second heat exchange unit
fluid communication pipe 50 between the first heat exchange unit fluid port 96 and the
receiver 201.

Fig. 7 is a refrigerant circuit diagram illustrating a configuration of a refrigeration
apparatus 300 of a first embodiment during a normal refrigeration and cooling
operation. The shown refrigeration apparatus 300 includes the above described re-
frigerant circuit 1, the thermal storage unit 100 and the heat exchange unit 200, which
are further detailed for explanatory purposes.

The shown heat exchange unit 200 further includes a subcooling heat exchanger 204,
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which is located between the first heat exchange unit fluid port 96 and the receiver
201.

The refrigeration apparatus 300 includes three coolers such as refrigerators and
freezers for storing food etc. and three air conditioners (indoor units) for cooling/
heating an inside of a room, particularly a show room/shopping room. The three indoor
units are each provided with one utilization-side heat exchanger 380A-380C and the
three refrigerators are each provided with one additional utilization-side heat
exchanger 301A-301C.

Additionally, the shown heat exchange unit 200 further includes a second compressor
310B and a third compressor 310C that are provided parallel to each other and
upstream of the above described compressor 10 of the basic configuration. In this way,
the three compressors 310A-310B build a two-stage compressor system, wherein the
second compressor 310B communicates with the additional utilization-side heat ex-
changers 301A-301C to build a refrigeration circuit and the third compressor 310C
communicates with the utilization-side heat exchangers 380A-380C to build an air-
conditioning circuit. The three compressors 310A-310C can be variable capacity com-
pressors and/or fixed capacity compressors, depending on the requirements of the re-
frigerant apparatus. All of the three compressors 310A-310C are hermetic scroll com-
pressors.

The shown heat exchange unit 200 further includes an injection pipe 206 fluidically
connecting a gas side of the receiver 201 with a suction side of the first compressor 10,
310A, wherein the injection pipe 206 is configured to inject intermediate-pressure re-
frigerant collected by the receiver 201 into the first compressor 10, 310A. As shown in
Fig. 7, the injection pipe 206 joins with two high-pressure pipes 207, 208 commu-
nicating between high-pressure sides of the second compressor 310B and the third
compressor 310C and the suction side of the first compressor 10, 310A, before
connecting to a suction side of the first compressor 10, 310A.

Additionally, the injection pipe 206 is provided with an expansion device 207, which
is preferably located before the connection point of the injection pipe 206 with the
high-pressure pipes 207, 208.

DESCRIPTION OF CONTROL MODES

First Example: Normal refrigeration and cooling operation

As already mentioned above, Fig. 7 illustrates the refrigeration apparatus 300 in a
normal refrigeration and cooling operation. Accordingly, all three compressors
310A-310C are turned on, which means, the second compressor 310B draws low
pressure refrigerant from the additional utilization-side heat exchangers 301A-301C of
the three coolers and the third compressor 310C draws refrigerant from the utilization-

side heat exchanger 380C of one of the three indoor units. Via the high-pressure pipes
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207, 208 the two compressors 310B, 310C provide intermediate-pressure refrigerant to
the first compressor 310A, which further compresses the refrigerant and discharges
high-pressure refrigerant which flows to the heat-source-side heat exchanger 11, which
acts as a gas cooler. Such refrigerant is cooled by dissipating heat to outdoor air
supplied by an outdoor fan. The high-pressure refrigerant flowing out from the heat-
source-side heat exchanger 11 flows via the first fluid communication pipe 30 to the
first switching mechanism 31, particularly the first valve 31A, which is a three-way
valve. The three-way valve 31A is in a state, in which the first fluid communication
pipe 30 is communicating with the third fluid communication pipe 50 and a flow to the
second valve 31B is blocked. Hence, the high-pressure refrigerant flows directly to the
expansion device 12, which is an expansion valve, without flowing through the thermal
storage 20 or exchanging heat with the thermal storage 20 via the heat exchanger 102.
Flowing through the expansion device 12, the pressure of the cooled high-pressure re-
frigerant is reduced, and the refrigerant is changed into intermediate-pressure re-
frigerant in a gas-liquid two-phase state (subcritical refrigerant).

Subsequently, the intermediate-pressure refrigerant flows to the receiver 201, a part
of the refrigerant, particularly liquid intermediate-pressure refrigerant, flows from the
receiver 201 to a first flow path 204A of the subcooling heat exchanger 204. The re-
frigerant flowing into the first flow path 204A is cooled by intermediate-pressure re-
frigerant flowing through the second flow path 204B, and the degree of subcooling of
such refrigerant is increased. A part of the so subcooled liquid refrigerant flows
through an expansion device 205, particularly a subcooling expansion valve, thereby
reducing the pressure of the intermediate-pressure refrigerant further. The in-
termediate-pressure refrigerant flows into the second flow path 204B of the subcooling
heat exchanger 204 and is evaporated by absorbing heat from the refrigerant flowing
through the first flow path 204A of the subcooling heat exchanger 204.

The subcooled intermediate-pressure refrigerant flows so as to be branched into two
main pipes providing the refrigerant to the refrigeration circuit and the air-conditioning
circuit, where the refrigerant is branched again into three pipes providing the uti-
lization-side heat exchangers 380A-380C of the indoor units and the additional uti-
lization-side heat exchangers 301 A-301C of the coolers with liquid refrigerant. Before
entering the utilization-side heat exchangers 380A-380C, 301A-301C, the refrigerant
flows through an expansion device, particularly an air-conditioning expansion valve or
a cooler expansion valve, where the pressure of the intermediate-pressure refrigerant is
reduced. Such refrigerant flows through the utilization-side heat exchangers and is
evaporated by absorbing heat from example room air supplied by an air-conditioning
fan of the indoor units.

The evaporated refrigerant of the utilization-side heat exchangers 380A-380C of the
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indoor units is rejoined and flows via a suction pipe back to a suction side of the third
compressor 310C. The evaporated refrigerant of the additional utilization-side heat ex-
changers 301A-301C of the coolers is rejoined and flows via a suction pipe back to a
suction side of the second compressor 310B. Thereby, the air-conditioning circuit and
the refrigeration circuit are a closed loop. The evaporated refrigerant of the subcooling
heat exchanger 204 is joined with intermediate-pressure refrigerant discharged from
the second compressor 310B and the third compressor 310C and provided to the
suction side of the first compressor 310A.

Additionally, gas intermediate-pressure refrigerant separated by the receiver 201
from the liquid intermediate-pressure refrigerant of the supercritical refrigerant, flows
through an expansion device to reduce the pressure to a similar pressure as the pressure
of the intermediate-pressure refrigerant discharged by the second compressor 310B and
the third compressor 310C.

Second Example: Refrigeration operation using the thermal storage

Fig. 8 is a refrigerant circuit diagram illustrating the refrigeration apparatus 300 of
Fig. 7 during a refrigeration operation using the thermal storage. In this operation, the
first switching mechanism 31, in particular the first and second valve, and the second
switching valve are set in such a way that the high-pressure refrigerant flowing out
from the heat-source-side heat exchanger 11 flows via the first fluid communication
pipe 30 into the first and second valve and then into the thermal storage, thereby ex-
changing heat with the thermal storage 20. Flowing though the thermal storage 20 the
high-pressure refrigerant is cooled. After leaving the thermal storage 20 the high-
pressure refrigerant flows via the second switching mechanism via the expansion
device 12 back to the receiver 201. By flowing through the expansion device 12, the
pressure of the cooled high-pressure refrigerant is reduced and the refrigerant is
changed into intermediate-pressure refrigerant in a gas-liquid two-phase state
(supercritical refrigerant).

As described above, a part of the refrigerant, particularly liquid intermediate-pressure
refrigerant, flows then from the receiver 201 to the first flow path 204A of the
subcooling heat exchanger 204. The refrigerant flowing into the first flow path 204A is
cooled by intermediate-pressure refrigerant flowing through the second flow path
204B, and the degree of subcooling of such refrigerant is increased. A part of the so
subcooled liquid refrigerant flows through the expansion device 205 thereby reducing
the pressure of the intermediate-pressure refrigerant further. The intermediate-pressure
refrigerant flows into the second flow path 204B of the subcooling heat exchanger 204
and is evaporated by absorbing heat from the refrigerant flowing through the first flow
path 204 A of the subcooling heat exchanger 204.

The subcooled intermediate-pressure refrigerant flows then so as to provide the re-
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frigerant only to the refrigeration circuit and not to the air-conditioning circuit, where
the refrigerant is branched again into three pipes providing the additional utilization-
side heat exchangers 301A-301C of the coolers with liquid refrigerant. Before entering
the additional utilization-side heat exchangers 301A-301C, the refrigerant flows
through the cooler expansion valve, where the pressure of the intermediate-pressure re-
frigerant is reduced. Such refrigerant flows through the additional utilization-side heat
exchangers and is evaporated by absorbing heat from storage room air within the
coolers.

Since the cooling operation is turned off, only the second compressor 310B and the
first compressor 310A are in use, the third compressor 310 is turned off. Hence, the
second compressor 310 draws low pressure refrigerant from the additional utilization-
side heat exchangers 301A-301C of the coolers and provides intermediate-pressure re-
frigerant via the high-pressure pipe 207 to the first compressor 310A, which further
compresses the refrigerant and discharges high-pressure refrigerant which flows to the
heat-source-side heat exchanger 11, which acts as a gas cooler. Such refrigerant is
cooled by dissipating heat to outdoor air supplied by an outdoor fan. The high-pressure
refrigerant flowing out from the heat-source-side heat exchanger 11 flows then via the
first fluid communication pipe 30 back to the first switching mechanism 31, thereby
closing the refrigerant circuit.

Third Example: Refrigeration and cooling operation using the thermal storage

Fig. 9 is a refrigerant circuit diagram illustrating the refrigeration apparatus of Fig. 7
during a refrigeration and cooling operation using the thermal storage. The re-
frigeration and cooling operation using the thermal storage is similar to the above with
regard to Fig 8 described refrigeration (only) operation using the thermal storage,
except that all three compressors 310A to 310C are in use. Hence, the second
compressor 310B draws low pressure refrigerant from the additional utilization-side
heat exchangers 301A-301C of the three coolers and the third compressor 310C draws
refrigerant from the utilization-side heat exchanger 380C of one of the three indoor
units, which is the provided as intermediate-pressure refrigerant to the first compressor
310A, which further compresses the refrigerant and discharges high-pressure re-
frigerant which flows to the heat-source-side heat exchanger 11.

Such refrigerant flows then as described above through the thermal storage 20, the
expansion device 12, the receiver 201, the subcooling heat exchanger 204 and is then
branched into the two main pipes providing the refrigerant to the refrigeration circuit
and the air-conditioning circuit, closing the refrigerant circuit.

Fourth Example: Only charging operation of the thermal storage

Fig. 10 is a refrigerant circuit diagram illustrating the refrigeration apparatus of Fig. 7

during an only charging operation of the thermal storage.
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In this operation only the third compressor 310C and the first compressor 310A are
in use, the second compressor 310B is turned off. The third compressor 310C draws
the refrigerant directly from the thermal storage 20 and provides intermediate-pressure
refrigerant to the first compressor which compresses the refrigerant further and
discharges high-pressure refrigerant which flows to the heat-source-side heat
exchanger 11, which acts as a gas cooler. The high-pressure refrigerant flowing out
from the heat-source-side heat exchanger 11 flows then via the first fluid commu-
nication pipe 30 to the first switching mechanism 31. In this control mode the first
valve 31A is set in such a manner that the high-pressure refrigerant flows as described
above with Fig. 7 directly to the expansion device 12. From the expansion device 12
the intermediate-pressure refrigerant in a gas-liquid two-phase state (supercritical re-
frigerant) flows to the receiver 201 and from there liquid intermediate-pressure re-
frigerant flows then to the first flow path 204 A of the subcooling heat exchanger 204.
The refrigerant flowing into the first flow path 204A is cooled by intermediate-
pressure refrigerant flowing through the second flow path 204B, and the degree of
subcooling of such refrigerant is increased.

The subcooled intermediate-pressure refrigerant flows then via the second valve 31B
back to the thermal storage 20 and by flowing through the thermal storage 20 cools the
thermal storage 20, in particular the thermal storage material, thereby charges the
thermal storage with cold.

Fifth Example: Refrigeration operation while charging the thermal storage

Fig. 11 is a refrigerant circuit diagram illustrating the refrigeration apparatus of Fig. 7
during a refrigeration operation while charging the thermal storage.

The refrigeration operation while charging the thermal storage is similar to the above
with regard to Fig. 10 described only charging operation of the thermal storage, except
that all three compressors 310A-310C are in use and that the second compressor 310B
connects the additional utilization-side heat exchangers 301A-301C of the coolers to
the refrigerant circuit 1. Thereby, it becomes possible not only to charge the thermal
storage 20 with cold by flowing the subcooled intermediate-pressure refrigerant via the
second valve 31B through the thermal storage 20, but also to provide the additional uti-
lization-side heat exchangers 301A-301C with subcooled intermediate-pressure re-
frigerant. Meaning, the thermal storage 20 can be charged while performing a re-
frigeration operation.

Fig. 12 is a refrigerant circuit diagram illustrating a configuration of a refrigeration
apparatus 300 of a second embodiment having a capacity increasing unit 320. The re-
frigerant apparatus 300 of the second embodiment mostly corresponds to the re-
frigerant apparatus of the first embodiment described with regard to Fig. 7. However,

instead of being provided with the thermal storage unit 100, the two connecting pipes
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connecting the second heat exchanger unit fluid port 32B and the third heat exchanger
unit fluid port 52B have an open end. Meaning, the unit connected via the second and
third heat exchanger unit fluid ports 32B and 52B with the refrigerant apparatus 300, in
particular with the heat exchanger unit 200, is not shown. According to the present
invention, instead of the thermal storage unit 100 also a heat exchanger, particularly a
plate heat exchanger, a capacity increasing unit or a combi unit including a thermal
storage unit and a capacity increasing unit can be connected to the heat exchanger unit
200.

Fig. 13 is a refrigerant circuit diagram illustrating a capacity increasing unit 320. The
capacity increasing unit 320 is basically an independent refrigerant circuit that can be
added to or connected with the refrigerant apparatus 300, in order to increase the re-
frigeration and cooling capacity of the refrigerant apparatus 300. As shown in Fig. 13,
the capacity increasing unit 320 includes a heat exchanger, a compressor and an
expansion device which build a closed refrigerant circuit. The heat exchanger is
configured to exchange heat with the heat exchanger unit 200. Therefore, the heat
exchanger can be connected with the second and third heat exchanger unit fluid ports
32B and 52B. Additionally, the capacity increasing unit 320 is provided with a heat-
source-side heat exchanger that cools down the refrigerant flowing there through by
dissipating heat to outdoor air supplied by an outdoor fan.

Fig. 14 is a refrigerant circuit diagram illustrating a combi unit 330 having a capacity
increasing unit 320 and a thermal storage unit. As described above, the capacity in-
creasing unit 320 includes a heat exchanger, a compressor and an expansion device
which build a closed refrigerant circuit. Additionally, instead of connecting the heat
exchanger directly with the refrigerant apparatus 300, in particular with the heat
exchanger unit 200, the thermal storage unit is arranged between the heat exchanger
unit 200 and the thermal storage unit. Accordingly, the combi unit 330 additionally
includes a circulating pump that circulates a refrigerant or a coolant like water, cooled
by the capacity increasing unit through the thermal storage unit, in order to charge the
thermal storage unit with thermal energy, particularly cold. On the other side, the
thermal storage unit is provided with a heat exchanger that is used to exchange heat
with the refrigerant circuit of the refrigerant apparatus 300, in particular with the heat
exchanger unit 200.

Moreover, the capacity increasing unit may include a closed refrigerant circuit
including a heat exchanger, a compressor, a heat-source-side heat exchanger cooled by
a fan and an expansion device, wherein the heat exchanger exchanges heat with the
heat exchange unit.

According to a further aspect, the combi unit may include a capacity increasing unit,

comprising a closed refrigerant circuit including a heat exchanger, a compressor, a
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heat-source-side heat exchanger cooled by a fan and an expansion device, and a
thermal storage unit comprising a heat exchanger, a thermal storage, including a
thermal storage material, particularly a phase changing material (PCM), and a cir-
culating pump, wherein the heat exchanger exchanges heat with the heat exchange
unit.
Reference Signs List

1 Refrigerant Circuit

10 Compressor (First Compressor)

11 Heat-source-side heat exchanger

12 Expansion Device

20 Thermal Storage

21 Thermal Storage Material

22 Refrigerant Heat Exchange Pipe

30 First Fluid Communication Pipe

31 First Switching Mechanism

40 Second Fluid Communication Pipe

41 Second Switching Mechanism

50 Third Fluid Communication Pipe

60 First Gas Communication Pipe

70 Fourth Fluid Communication Pipe 70

80A Ultilization-side Heat Exchanger

80B Additional Utilization-side Heat Exchanger

90 Heat Exchange Unit Gas Communication pipe

92 Heat Exchange Unit Gas Port 92

96 First Heat Exchange Unit Fluid Port

100 Thermal Storage Unit

72 First Thermal Storage Unit Fluid Port

32A Second Thermal Storage Unit Fluid Port

52A Third Thermal Storage Unit Fluid Port

62 Thermal Storage Unit Gas Port

31A First Valve

31B Second Valve

53 Check Valve

101 Expansion Device

102 Heat Exchanger

103 Circulating Pump

200 Heat Exchanger Unit
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96 First Heat Exchanger Unit Fluid Port
32B Second Heat Exchanger Unit Fluid Port
52B Third Heat Exchanger Unit Fluid Port
201 Receiver

202 Third Heat Exchanger Unit Fluid Communication Pipe

203 Fourth Heat Exchanger Unit Fluid Port

204 Subcooling Heat Exchanger

205 Expansion Device (Subcooling Expansion Valve)
206 injection pipe

207 high pressure pipe

208 high pressure pipe

209 expansion device

210 fan

300 Refrigeration Apparatus

301A-301C Additional Utilization-side Heat Exchanger
310A First Compressor

310B Second Compressor

310C Third Compressor

320 Capacity Increasing Unit

330 Combi Unit

380A-380C Utilization-side Heat Exchanger
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Claims

[Claim 1] A refrigerant circuit (1) for a refrigeration apparatus (300) with a
thermal storage, which is using CO, as refrigerant, comprising:
at least one compressor (10),
a heat-source-side heat exchanger (11)
an expansion device (12), and
a thermal storage (20), including a thermal storage material (21), par-
ticularly a phase changing material (PCM) from the group: organic
PCMs like bio-based, paraffin, carbohydrate or lipid derived, or water,
characterized in that
the refrigerant circuit (1) further comprises:
a first fluid communication pipe (30) communicating between a fluid
side of the heat-source-side heat exchanger (11) and one side of the
thermal storage (20), and
a second fluid communication pipe (40) communicating between the
expansion device (12) and the other side of the thermal storage (20).

[Claim 2] The refrigerant circuit (1) according to claim 1, further comprises a first
switching mechanism (31) located on the first fluid communication
pipe (30) and communicating among the heat-source-side heat
exchanger (11), the thermal storage (20), a third fluid communication
pipe (50), and a first gas communication pipe (60), wherein the third
fluid communication pipe (50) communicates to the expansion device
(12) and the first gas communication pipe (60) communicates to a
suction side of the compressor (10).

[Claim 3] The refrigerant circuit (1) according to claim 2, wherein the first
switching mechanism (31) comprises:
a first valve (31A), which is a three-way valve, communicating among
the heat-source-side heat exchanger (11), the expansion device (12) and
the thermal storage (20), and
a second valve (31B), which is a three-way valve and located between
the first valve (31A) and the thermal storage (20), communicating
among the first valve (31A), the thermal storage (20) and the first gas
communication pipe (60).

[Claim 4] The refrigerant circuit (1) according to claim 2, wherein the first
switching mechanism (31) comprises:
a first valve (31C), which is a four-way valve, communicating among

the heat-source-side heat exchanger (11), the thermal storage (20), the
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first gas communication pipe (60) and the expansion device (12),
wherein the first switching mechanism (31) further comprises a check
valve (53) that stops a backflow from the third fluid communication
pipe (50) to the first valve (31C).

The refrigerant circuit (1) according any one of claims 2 to 4, further
comprises a second switching mechanism (41) located on the second
fluid communication pipe (40) and communicating among the thermal
storage (20), the expansion device (12) and a fourth fluid commu-
nication pipe (70), wherein the fourth fluid communication pipe (70) is
communicating to a utilization-side heat exchanger (80A).

The refrigerant circuit (1) according to claim 5, wherein the second
switching mechanism (41) is a valve, which is a three-way valve, com-
municating among the thermal storage (20), the expansion valve (12)
and the utilization-side heat exchanger (80A),

wherein an expansion device (101) is provided on the fourth fluid com-
munication pipe (70), located between the second switching mechanism
(41) and the utilization-side heat exchanger (80A).

The refrigerant circuit (1) according to any one of the preceding claims,
further comprising a receiver (201), which is located on the third fluid
communication pipe (50), between the expansion device (12) and a/the
utilization-side heat exchanger (80A), wherein the receiver (201) is
configured to separate liquid refrigerant from gas refrigerant.

The refrigerant circuit (1) according to any one of the preceding claims,
further comprising a subcooling heat exchanger (204), which is
preferably located between a/the utilization-side heat exchanger (80A)
and the expansion device (12), more preferably between the utilization-
side heat exchanger (80A) and a/the receiver (201).

The refrigerant circuit according to any of the preceding claims and
claim 5, further comprising:

an expansion device (101), particularly a storage side expansion valve
(EV), located on the fourth fluid communication pipe (70) and between
the second switching mechanism (41) and the utilization-side heat
exchanger (80A), and

a controller configured to select modes of operation,

wherein the modes comprise:

a normal refrigeration and/or cooling mode, a cold storage making
mode and a cold storage using mode, wherein particularly:

in the normal refrigeration and/or cooling mode the first switching
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mechanism (31) is set so that the first fluid communication pipe (30)
and the third fluid communication pipe (50) are communicated, and the
expansion device (101) is closed,

in the cold storage making mode the first switching mechanism (31) is
set so that the first fluid communication pipe (30) and the third fluid
communication pipe (50) are communicated and the first gas commu-
nication pipe (60) and the thermal storage (20) are communicated, the
second switching mechanism (41) is set so that the fourth fluid commu-
nication pipe (70) and the thermal storage (20) are communicated, and
the expansion device (101) is opened, and

in the cold storage using mode the first switching mechanism (31) is set
so that first fluid communication pipe (30) and the thermal storage (20)
are communicated, the second switching mechanism (41) is set so that
the second fluid communication pipe (40) and the thermal storage (20)
are communicated, and the expansion device (101) is closed.

The refrigerant circuit according to claim 9, further comprising an
outside temperature sensor (T5), a gas cooler out temperature sensor
(T2), a thermal storage medium temperature sensor (T4), and a
discharge side pressure sensor (P1), provided on the high pressure side
of the at least one compressor (10).

The refrigerant circuit according to any one of the preceding claims,
further comprising a thermal storage unit (100) including the thermal
storage (20) and comprising a water circuit, a refrigerant to phase
change material (PCM) circuit or a refrigerant to water to phase change
material (PCM) circuit having a heat exchanger (102), particularly a
plate heat exchanger, and a circulating pump (103).

The refrigerant circuit according to any one of the claims 5, 6, 9 and 10,
further comprising a thermal storage unit (100) including the first
switching mechanism (31) and the second switching mechanism (41).
The refrigerant circuit according to claims 8 with the receiver (201),
further comprising a heat exchange unit (200) including the receiver
(201) and the subcooling heat exchanger (204).

Method for controlling a refrigerant circuit, particularly the refrigerant
circuit (1) according to any one of the preceding claims, for a re-
frigerant apparatus with a thermal storage (20) which is using CO, as
refrigerant, the method comprising different modes of operation,
wherein the modes comprise:

a normal refrigeration and/or cooling mode, a cold storage making
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mode and a cold storage using mode, wherein:

in the normal refrigeration and/or cooling mode a first switching
mechanism (31) is set so that a first fluid communication pipe (30) and
a third fluid communication pipe (50) are communicated, and an
expansion device (101) is closed,

in the cold storage making mode the first switching mechanism (31) is
set so that the first fluid communication pipe (30) and the third fluid
communication pipe (50) are communicated and a first gas commu-
nication pipe (60) and the thermal storage (20) are communicated, a
second switching mechanism (41) is set so that a fourth fluid commu-
nication pipe (70) and the thermal storage (20) are communicated, and
the expansion device (101) is opened, and

in the cold storage using mode the first switching mechanism (31) is set
so that first fluid communication pipe (30) and the thermal storage (20)
are communicated, the second switching mechanism (41) is set so that
the second fluid communication pipe (40) and the thermal storage (20)
are communicated, and the expansion device (101) is closed.

The method according to claim 14, wherein:

the first fluid communication pipe (30) communicates between a fluid
side of a heat-source-side heat exchanger (11) and one side of the
thermal storage (20),

the second fluid communication pipe (40) communicates between an
expansion device (12) and the other side of the thermal storage (20),
the third fluid communication pipe (50) communicates to the expansion
device (12), and

the first gas communication pipe (60) communicates to a suction side

of a compressor (10).



1/11

WO 2022/097680 PCT/JP2021/040391
[Fig. 1]
100 x
128 7 S N\
136
Actuah E\W'—————
pCM ] uaEtor ’\\130
- O <
125 Condenser 134 -
Y
112 Controller ,\132
o ST 110
114 7 l Tg‘\__v
_—
- 120
{ 116, 124
%.Q(_.‘ Evaporator .,;_,._.@

122 | ] T
Chilled Water f Chilled Water
Supply (45°F) 118 Return (55°F}

(Prior Art)



2/11

PCT/JP2021/040591

WO 2022/097680

[Fig. 2]

d08

_\N\:/_




3/11

WO 2022/097680 PCT/JP2021/040591

[Fig. 3]
100
50 30 31A 31B 31
on s \’_/ _
52A
53 ( )
“T~_20
)
62 w ( 7\\421
72 ! i
a ( T~
70 Y.
i ]

[Fig. 4]

“~-20

N —
7—‘9% )| |

22

40 41 60



4/11

WO 2022/097680 PCT/JP2021/040591

[Fig. 5]

100 50 30 31A 31B

32A |__( . ) . )_ ).

52A

——

53

62

72

40 41 80 102 103

[Fig. 6]

200._ S

210

32B
52B




5/11

PCT/JP2021/040591

WO 2022/097680

Zl 102 ¥0Z S0Z
SR W I T
/ / /7
L0} _\ ,\ / %
T <
ooT/rw _______ \ Y- > o Fh I\
v N_0L0E
_HU 902 ~_ ] N
—) 60z 1 g10¢
02T l—§ N | A
¢ - L
< ~—v10¢
T
_ ) |\ 80¢ BwSm 13
_ Y Y Y
\l y |ooLe ! _.uw y _uwx ﬁ \
—1 D08e 908 V0SS
o0z
I]
00¢

[Fig. 7]



6/11

PCT/JP2021/040591

WO 2022/097680

A 102 ¥0Z S0Z
S W S i
/ / /
L0} _\ _\ A *
A v <
oor/J / e 2 m« r=HEA
- N_010g
i
_ t 7 - —
_ _ H i NG
ﬂ { I = N
N V108
_ 0LE } aoLe
)
_ VOLE SR / SN
HEER [l el %
= ( (
1 908 €08 V0SS

[Fig. 8]

00z
/

00¢



7/11

PCT/JP2021/040591

WO 2022/097680

4) 102 ¥0Z S0Z
S W A i
_ 7 7 \\
0L | _\ ,\ ; f
(] Y <] |
00l / | I > 1| | =R\
/J | 4 | N_010€
—] \.E | ¥4 | i
= i i
0z— T — = ﬁu | - - _ g10¢
| T |2 D
“ B | ~—v10¢
ul 20LEf= a0L€ _
| ) vole ||
i _ —.m \ Ay 3\
4P | L ﬁw\
= IO
b= | 008 d0se  VOse
| 00z
/j
00€

[Fig. 9]




8/11

PCT/JP2021/040591

WO 2022/097680

4) 102 ¥0Z S0Z

NS T e

A WG
oor/J M\ g E | T E=
“ ) g =

0z—"T7 _mf,\ A | ¢
=L )
<

~-010¢

~~—g10¢

—v10¢

[

[l

Vi

Vi

_ 00LEf gole
_ _ VOLE
)
\l—r

A

[Fig. 10]

00z

008¢

(

d08¢

_|__w \
ﬁ <omm

M

00¢



9/11

PCT/JP2021/040591

WO 2022/097680

[Fig. 11]

10¢

r0¢ SG0¢

. —

oor;//J

02—"1

i

B
Vi
/

/ [ — %_
| m !
\ ) |
3 > 1| | -
v | N_D1L0E
> |
A - Led
| ]
Iﬂf | ~—g10¢
| T
N | ~—v10¢
J0Lgf= q0lL¢ _
: |
VOl€ _ 1] I
| L= e x
R
| 0088 908e V08¢
T_o0z
/f
00¢



10/11

PCT/JP2021/040591

WO 2022/097680

¢l 404 ¥0¢ G0C¢

~—D10¢

~—g10¢

~—Vv10¢

[ [ %
p/
I F Xv -
i dno =
¥ ., it
/
_ oo:uﬁ_J qole
)
_ | vole el Tl _uw /
\I—a Vi Vi
f [ [ [
L
:{L\ 008c 908 V0SS
00z
p—.
00

[Fig. 12]



11/11

PCT/JP2021/040591

WO 2022/097680

[Fig. 13]

)

320

[Fig. 14]

330




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2021/040591

A. CLASSIFICATION OF SUBJECT MATTER
INV. F25B41/20

ADD. F25B6/04 F25B13/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F25B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2019/264933 Al (IGNATIEV KIRILL M [US] 1
ET AL) 29 August 2019 (2019-08-29)
paragraph [0044] - paragraph [0112];
figures 1-7

X EP 3 222 934 Al (DAIKIN IND LTD [JP]) 1,2,14
27 September 2017 (2017-09-27)
A paragraph [0025] - paragraph [0149]; 3-13,15

figures 1-13

X WO 00/33002 Al (DAIKIN IND LTD [JP]; 1
MATSUOKA HIROMUNE [JP] ET AL.)
8 June 2000 (2000-06-08)
figures 1-10

A EP 1 550 830 Al (MATSUSHITA ELECTRIC IND 1-15
CO LTD [JP]) 6 July 2005 (2005-07-06)
paragraph [0029] - paragraph [0099];
figures 1--4

I:‘ Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other """ document of . . - - -
. b particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
13 January 2022 26/01/2022
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . .
Fax: (+31-70) 340-3016 Szilagyi, Barnabas

Form PCT/ASA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2021/040591
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2019264933 Al 29-08-2019 CN 111902682 A 06-11-2020
EP 3755956 Al 30-12-2020
Us 2019264933 Al 29-08-2019
WO 2019165254 Al 29-08-2019

EP 3222934 Al 27-09-2017 CN 107110570 A 29-08-2017
EP 3222934 Al 27-09-2017
EP 3492841 A1l 05-06-2019
ES 2746562 T3 06-03-2020
JP 6052380 B2 27-12-2016
JP 2016125808 A 11-07-2016
PH 12017501194 Al 18-10-2017
SG 11201704999U A 28-07-2017
Us 2017336085 Al 23-11-2017
Us 2019170378 Al 06-06-2019
WO 2016103711 A1l 30-06-2016

WO 0033002 Al 08-06-2000 AU 1412300 A 19-06-2000
CN 1294672 A 09-05-2001
CN 2409462 Y 06-12-2000
JP 3087745 B2 11-09-2000
JP 2000171117 A 23-06-2000
KR 20010074725 A 09-08-2001
WO 0033002 A1 08-06-2000

EP 1550830 Al 06-07-2005 CN 1692258 A 02-11-2005
EP 1550830 Al 06-07-2005
WO 2004038304 Al 06-05-2004

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report

