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(54) CARBON DIOXIDE COMPRESSION REFRIGERATION SYSTEM

(57) A refrigeration system (1) comprising a primary
refrigeration circuit (2) that contains carbon dioxide and
is provided with a compressor device (3), a primary cool-
ing device (4), which is designed to perform a first cooling
of the carbon dioxide leaving said compressor device (3),
an expansion device (5) to expand the carbon dioxide
and a heat-exchanger device (6) which accumulates heat
in the expanded carbon dioxide supplied by the expan-
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sion device (5), and a secondary cooling device (10)
which performs a second cooling of the carbon dioxide
leaving the primary cooling device (4) to cause a further
drop in the temperature of the carbon dioxide from said
second temperature (t2) to a third temperature (t3), lower
than said second temperature (t2), before the carbon di-
oxide is supplied to the expansion device (5).
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Description

[0001] The present patent application concerns a car-
bon dioxide compression refrigeration system and relat-
ed operating method.

[0002] In particular, the present invention concerns a
refrigeration system designed to be used in a plant/ma-
chine for conditioning and/or temperature control and/or
refrigeration, of rooms for example, to which the following
discussion will explicitly refer without loss of generality.
[0003] Itis known that over the years, the use in refrig-
eration systems of refrigerant fluids, for example, in par-
ticular, chlorofluorocarbons, hydrofluorocarbons and hy-
drocarbons has been progressively banned and/or aban-
doned due to the known environmental problems (de-
struction of the ozone layer, effect on global warming)
and/or safety problems (risk of explosion) caused by said
fluids.

[0004] For this purpose the use of a refrigerant fluid
corresponding to carbon dioxide has been proposed.
However, although on the one hand the use of carbon
dioxide has reduced both the level of flammability of the
refrigeration plant and the environmental impact, on the
other its use in traditional so-called "reverse cycle" re-
frigeration plants presents some technical criticalities
which make it substantially unsuitable for use in applica-
tions that perform conditioning/refrigeration with heat dis-
posal by means of external air at ambient temperature.
[0005] Figure 1 shows an example of a traditional "re-
verse cycle" refrigeration plant, indicated by |, essentially
comprising a closed refrigeration circuit Il for circulation
of the carbon dioxide, which is provided in turn with: a
compressor |l designed to compress the carbon dioxide,
thusincreasing the enthalpy thereof, acooler IV designed
to extract the heat from the previously compressed car-
bon dioxide, a first expansion valve V designed to main-
tain the pressure upstream, i.e. leaving the cooler IV, at
a first predefined value on the basis of a control signal
generated by an electronic control unit VI, a liquid receiv-
er/separator tank VIl which is at an intermediate pressure
between the evaporation pressure of the carbon dioxide
and the first predefined value, a second expansion valve
VIl designed to cause expansion of the carbon dioxide
maintaining the enthalpy constant, thus reducing the tem-
perature and pressure thereof, and an evaporator IX de-
signed to absorb the heat from the fluid to be cooled by
means of the carbon dioxide which evaporates therein.
[0006] It is further known that the carbon dioxide is
characterized by a critical temperature, i.e. a critical point
temperature of approximately 31°C. This temperature is
relatively low when compared with the critical tempera-
ture of the traditional refrigerant fluids and may therefore
be lower than the ambient temperature.

[0007] The refrigeration system using carbon dioxide
shown in Figure 1 may therefore be "transcritical" since
release of the negative heat towards the outside, by the
cooler 1V, is performed at an ambient temperature higher
than the critical temperature of the refrigerant fluid. It fol-
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lows that with conditions being equal, for example the
evaporation temperature, the temperature of the carbon
dioxide leaving the cooler, the superheating, the overall
efficiency of the compression process, the coefficient of
performance of a transcritical refrigeration cycle with car-
bon dioxide is generally lower than a coefficient of per-
formance of a corresponding "subcritical" cycle.

[0008] In other words, the efficiency of a reverse ther-
modynamic cycle using carbon dioxide is strongly influ-
enced by the temperature thereof at the end of the cooling
process, and in particular increases as the temperature
decreases.

[0009] The Applicant has therefore carried out a de-
tailed study with the objective of identifying a solution
relative to a carbon dioxide compression refrigeration
system which overcomes the above-mentioned draw-
backs, i.e. has an efficiency greater than the carbon di-
oxide compression systems described above.

[0010] The object of the present invention is therefore
to make available a solution which allows the above ob-
jective to be achieved.

[0011] This objectis achieved by the present invention
since it is relative to a carbon dioxide compression re-
frigeration system and to the relative operating method,
devised/provided as defined in the attached claims.
[0012] The present invention will now be described
with reference to the attached drawings, which illustrate
a non-limiting embodiment example thereof, in which:

- Figure 1 shows a circuit diagram of a refrigeration
plant produced according to the known art;

- Figure 2 shows a circuit diagram of a refrigeration
plant produced according to the teachings of the
present invention;

- Figure 3 shows a circuit diagram of a refrigeration
plant produced according to a first variation of the
present invention;

- Figure 4 shows a circuit diagram of a refrigeration
plant produced according to a second variation of
the present invention;

- Figure 5 shows a circuit diagram of a refrigeration
plant produced according to a third variation of the
present invention;

- Figure 6 shows a circuit diagram of the refrigeration
plant shown in Figure 2 according to an embodiment
variation.

[0013] The present invention will now be described in
detail with reference to the attached Figures to enable a
person skilled in the art to produce it and use it. Various
modifications to the embodiments described will be im-
mediately evident to persons skilled in the art and the
generic principles described can be applied to other em-
bodiments and applications without departing from the
protective scope of the present invention, as defined in
the attached claims. Therefore, the present invention
should not be considered limited to the embodiments de-
scribed and illustrated, but must be given the widest pro-
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tective scope in accordance with the principles and char-
acteristics described and claimed here.

[0014] With reference to Figure 2, the number 1 indi-
cates overall a refrigeration system, which is designed
to be used in a plant/machine to perform conditioning
and/or temperature control and/or refrigeration of a heat-
carrying fluid. The heat-carrying fluid can correspond
preferably to air, for example, the air of an indoor envi-
ronment, or water, for example, the water circulating in
a plant or a machine.

[0015] The refrigeration system 1 comprises a closed
cycle refrigeration circuit 2 which is adapted, in use, to
be crossed by a refrigeration fluid corresponding to car-
bon dioxide CO2.

[0016] The refrigeration circuit 2 comprises: a com-
pressor device 3, aprimary coolerdevice 4, an expansion
device 5, and a heat exchanger device 6, which are con-
nected to one another in sequence, one after the other,
by means of a series of relative connection ducts 7.
[0017] In the example illustrated, the heat exchanger
device 6 can be arranged in an environment to be cooled
or be associated with a hydraulic plant and preferably
comprises an evaporator or any similar exchange appa-
ratus, which is designed to accumulate/absorb the heat
from the heat-carrying fluid present in the environment
or circulating in the hydraulic plant, by means of the pre-
viously cooled carbon dioxide in the gaseous state and
supplies the carbon dioxide downstream, i.e. at the input
to the compressor device 3.

[0018] The compressor device 3 is designed to com-
press the carbon dioxide received from the heatexchang-
er device 6 and supplies it at high pressure to the primary
cooling device 4 which provides, in turn, for cooling of
the carbon dioxide at high pressure and discharging of
the heat absorbed into the external environment. Accord-
ing to an embodiment example, the primary cooler device
4 can be associated with or correspond to an air cooling
system or similar systems, and therefore be provided with
appropriate cooling fans operated in a known manner by
electric devices (electric motors). In use, the primary
cooler device 4 receives the incoming carbon dioxide at
afirsttemperature t1 and supplies it outgoing at a second
temperature t2 lower than the first temperature t1 (t2<t1).
The second temperature t2 can be approximately equal
to the ambient temperature t0+At0 where AtO is a tem-
perature interval depending substantially on the efficien-
cy of the exchange process with the external air.

[0019] As regards the expansion device 5, it is ar-
ranged along the refrigeration circuit 2 downstream of
the primary cooler device 4 and upstream of the heat
exchanger device 6 and can comprise for example an
expansion valve or any similar device designed to cause
controlled expansion and/or evaporation of the carbon
dioxide maintaining the enthalpy constant, thus reducing
temperature and pressure.

[0020] According to a possible embodiment example
shown in Figure 2, the refrigeration circuit 2 can further
comprise preferably, but not necessarily, a flow rate reg-
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ulator device 8, for a example an expansion valve which
is designed to control/maintain the pressure of the carbon
dioxide upstream, i.e. leaving the primary cooler device
4, at a first value predefined on the basis of a control
signal generated by an electronic control unit 9.

[0021] According to a possible embodiment example
shown in Figure 2, the refrigeration circuit 2 can further
comprise, preferably but not necessarily, a liquid receiv-
er/separator tank 12 which is arranged downstream of
the flow rate regulator device 8 and is structured so as
to contain a given quantity of fluid and separates the car-
bon dioxide in the gaseous state from the carbon dioxide
in the liquid state to supply the latter to the expansion
device 5.

[0022] According to a preferred embodiment shown in
Figure 2, the refrigeration circuit 2 further appropriately
comprises at least one secondary cooling device 10,
which is arranged along the refrigeration circuit 2 down-
stream of the primary cooling device 4 and upstream of
the expansion device 5, and is structured to perform a
second cooling of the carbon dioxide to supply it outgoing
at a third temperature t3 lower than the second cooling
temperature t2 (t3<t2).

[0023] The Applicanthasfoundthatby furtherreducing
the temperature t of the carbon dioxide supplied leaving
the primary cooling device 4, by means of the secondary
cooling device 10, a considerable increase in efficiency
of the refrigeration system 1 is obtained.

[0024] According to a preferred embodiment shown in
Figure 2, the secondary cooling device 10 can be appro-
priately associated with an external auxiliary heat source
11, which is designed to supply the secondary cooling
device 10 with a heat-carrying fluid FT having the fourth
temperature t4 to transfer the heat from the carbon diox-
ide to the heat-carrying fluid FT so as to cause a drop in
the temperature of the carbon dioxide at the third tem-
perature t3.

[0025] According to a preferred embodiment example
shown in Figure 2, the secondary cooling device 10 can
comprise preferably an internal duct 10a through which
the carbon dioxide circulates and preferably, but not nec-
essarily, an internal duct 10b, which can be connected
to the external auxiliary heat source 11 through ducts 12
to receive from the same the heat-carrying fluid FT at the
fourth temperature t4 preferably lower than the third tem-
perature t3 (t4+At4=t3). Preferably, the ducts 12, the ex-
ternal auxiliary heat source 11, and the internal duct 10b
define an auxiliary cooling circuit 13 designed to extract
heat from the carbon dioxide which flows through the
duct 10a.

[0026] According to a preferred embodiment example
shown in Figure 2, the external heat source 11 can be
appropriately a natural thermal energy reservoir (infinite
reservoir) i.e. present in nature. According to a possible
embodiment, the natural thermal energy reservoir 11 can
be a natural water reservoir 15.

[0027] The natural water reservoir 15 can advanta-
geously correspond, by choice, to: a water well, a water
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basin, a lake, a torrent, a river, the sea, groundwater, or
any other similar natural reservoir in which the water has
the fourth temperature t4. In this case, the auxiliary circuit
13 can expediently comprise at least one electric pump
14, which can be arranged along a duct 12 of the auxiliary
circuit 13 hydraulically connecting the natural reservoir
15 to the duct 10b, and is designed to supply, under the
control of the electronic control unit 9, the water (or a
heat-carrying fluid FT associated with the water) at the
fourth temperature t4 to the secondary exchanger device
10. The Applicant has found that this solution is extremely
simple and inexpensive to produce since it requires, in
order to be implemented, only the use of an electric pump
and a series of ducts and the secondary exchanger.
[0028] It is understood that according to the present
invention, the external heat source 11 is not limited to
the natural water reservoir 15 described above, but al-
ternatively, or additionally, can comprise a ground 16.
Figure 6 schematically shows this embodiment, in which
the ground 16 can be associated with the secondary cool-
ing device 10 via a geothermal system 17. The geother-
mal system 17 can comprise, for example, one or more
geothermal probes 17a (only one of which is illustrated)
connected to the duct 10b via the ducts 12 to supply to
the same a heat-carrying fluid FT at the fourth tempera-
ture t4 by means, preferably but not necessarily, of the
pump 14.

[0029] The Applicant has found that this solution is ex-
tremely advantageous as it could expediently use/exploit
geothermal systems already present/installed in a do-
mestic system.

[0030] In particular, according to the embodiment
shown in Figure 6, the refrigeration system 1 can further
comprise a dry cooler 35 consisting, for example, of a
water battery provided with cooling fans. The dry cooler
35 is designed to be selectively connected to the probe
17 in such a way that the heat source 16, i.e. the ground,
can be thermally regenerated. The Applicant has found
that regeneration of the ground is particularly expedient
to avoid a reduction in efficiency of the system 1 caused
by the thermal drift of the ground.

[0031] Therefore, in order to always ensure maximum
efficiency of the system 1 and simultaneously re-balance
the original temperature of the ground, the system 1 tem-
porarily connects the dry cooler 15 to the probe/s 17 pref-
erably according to the temperature of the ground and/or
the temperature of the heat-carrying fluid FT and at the
same time excludes the geothermal probe 17a from the
thermal exchange with the secondary exchanger 10. Ac-
cording to the example shown in Figure 6, the system 1
can be provided with at least one three-way valve 42 or
any similar apparatus, which is arranged along a relative
duct 12 and is configured to connect, by command, the
probe 17 to the second cooling device 10 or alternatively
to the dry cooler 15.

[0032] The external heat source 11 could further com-
prise, alternatively or additionally to the solutions de-
scribed above, an adiabatic cooling device 18. According
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to this embodiment, the adiabatic cooling device 18 can
preferably integrate/comprise the secondary cooling de-
vice 10. For example, the adiabatic cooling device 18
can comprise a box-type metal frame provided with
through slits (not illustrated), an evaporator device (not
illustrated) defined by a wet pack/evaporator arranged
inside the frame, and fan devices (not illustrated) which
are coupled to the frame in the area of through openings
obtained on the frame and are designed to circulate air
inside the frame, thus passing through the wet
pack/evaporator. Inside the frame the secondary cooling
device 10 can also be arranged/integrated. In use, the
flow of air generated by the fans passes through the wet
pack/evaporator. The air extracted releases heat to the
water of the pack which, by evaporating, causes satura-
tion of the air, lowering the temperature thereof to the
fourth temperature t4.

[0033] Due to the action of the fans and the wet
pack/evaporator, the flow of air at the fourth temperature
t4 is then pushed towards the secondary cooling device
10 and in particular towards its duct 10a thus determining
additional cooling of the carbon dioxide circulating in the
duct 10a which therefore drops to the third temperature
t3.

[0034] Itisunderstood thatthe adiabatic cooling device
18 is not limited to the solution described above but could
comprise any similar adiabatic air cooling equipment. For
example it is possible to use a cooling device which, in-
stead of being provided with the wet pack/evaporator, is
provided with nozzles (not illustrated) designed to gen-
erate water, preferably nebulized. In use, the nebulized
water generated by the nozzles is crossed by the air ex-
tracted by the fans and causes therein a lowering of the
temperature to the fourth temperature t4. The air cooled
to the fourth temperature t4 is then pushed/blown to-
wards the secondary cooling device 10 thus striking the
duct 10a and therefore determining the second cooling
of the carbon dioxide circulating in the duct 10a.

[0035] According to a different embodiment shown in
Figure 2 (by a broken line), the adiabatic cooling device
18, instead of performing direct cooling of the carbon
dioxide by means of the air previously cooled (according
to the procedure described above), carries out indirect
cooling of the carbon dioxide by means of the heat-car-
rying fluid circulating through the auxiliary cooling circuit
13. In this case, the adiabatic cooling device 18 can be
associated with the auxiliary cooling circuit 13 so as to
perform "air" adiabatic cooling of the heat-carrying fluid
FT, for example the water, and cause release of the heat
from the carbon dioxide to the heat-carrying fluid FT in-
side the secondary cooling device 10.

[0036] According to a different embodiment, the exter-
nal heat source 11 could further comprise, alternatively
or in addition to the solutions described above, at least
one evaporation tower 19 or cooling tower with forced
circulation and/orinduced flow (notillustrated). The evap-
oration tower is known and will not be further described,
or only to specify that it can have nozzles at the top de-
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signed to emit jets of water inside the tower, and is pro-
vided, at its base, with a container or well which is de-
signed to collect the water emitted by the nozzles. In use,
the water emitted by the nozzles is cooled by the air which
rises due to the chimney effect or owing to the presence
of fans. The cooled water therefore precipitates towards
the base of the tower inside the container.

[0037] According to the present invention the second-
ary cooling device 10 can be associated with the cooled
water container in the tower. For this purpose, for exam-
ple, the duct 10a could be arranged inside the container
so as to be immersed and therefore in contact with the
cooled water.

[0038] Accordingto afurtherembodiment, the external
auxiliary heat source 11 could comprise a tank 29 of heat-
carrying fluid FT, which is hydraulically connected to the
secondary cooling device 10 to circulate in the same the
heat-carrying fluid FT, and contains phase change ma-
terials (PCM) which, in use, are designed to cool the heat-
carrying fluid FT.

[0039] PCMs are materials used for storing thermal en-
ergy in the form of latent heat. Release and absorption
of the energy occurs during the phase change, when the
latent solidification and liquefaction heat is exploited
around a constanttemperature characteristic of each ma-
terial. In this specific case, the PCM passes from the solid
state to the liquid state receiving the heat coming from
the CO2 cycle.

[0040] The tank 29 can be structured so that the heat
exchange between the phase change materials and the
heat-carrying fluid FT inside it occurs via a direct or indi-
rect contact. For example, the tank 29 can be structured
sothat the phase change materials remainin use partially
or completely immersed in the heat-carrying fluid FT. Ac-
cording to a different embodiment example, the tank 29
could comprise an internal hydraulic duct (for example
one or more probes or coil section/s or similar) arranged
in thermal contact (coupled) with the phase change ma-
terials. Alternatively the duct can contain the refrigerant
itself and therefore constitute the exchanger 10.

[0041] It should be noted that phase change materials
are designed to release or absorb energy in the form of
latent heat, during the phase change from liquid to solid
and vice versa. The amount of heat exchanged during
the phase change is much greater than the sensible
amount exchanged, and this makes these materials con-
veniently suitable for storing thermal energy. The phase
change materials can be enclosed in containers posi-
tioned inside the tank 29. The phase change material
containers can be arranged in the tank 29 so as to be in
direct contact with the heat-carrying fluid (immersed in
the fluid) or in indirect contact (the fluid flows inside a
coil). The cooled heat-carrying fluid then in turn cools the
carbon dioxide circulating through the secondary cooling
device 10.

[0042] Therefore in use, when the temperature of the
heat-carrying fluid FT/refrigerant exceeds a predefined
temperature threshold, transition of the phase change
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materials occurs, from the solid state to the liquid state
and, during the transition, the materials absorb heat from
the heat-carrying fluid FT and appropriately cool it.
[0043] The Applicant has found it expedient to use
phase change materials since they are characterized by
a constant temperature useful for cooling the CO2 to the
target temperature.

[0044] According to a different embodiment shown in
Figure 3, the secondary cooling device 10 can be asso-
ciated with and/or contain an auxiliary cooling device 20
of an external auxiliary refrigeration plant 21.

[0045] In the example shown in Figure 3, the external
auxiliary refrigeration plant 21 can perform a reverse ther-
mal cycle, for example corresponding to a heat pump for
heating utilities, and comprise, in addition to the auxiliary
cooler device 20 containing for example the duct 10b, an
auxiliary compressor device 22, an auxiliary heat ex-
changer device 23, and an auxiliary expansion device 24
connected in sequence to one another by means of ducts
25 through which a refrigerant fluid circulates. The per-
formance of a reverse thermal cycle by the external aux-
iliary refrigeration plant 21 is known and substantially
equivalent to the cycle implemented by the refrigeration
plant shown in Figure 1 and consequently will not be fur-
ther described, or only to specify that the auxiliary heat
exchanger device 23 can be air or water operated and,
in use, is crossed by the heat-carrying fluid FT having
the fourth temperature t4. Furthermore the auxiliary heat
exchanger device 23 can be coupled to the secondary
cooling device 10 so that the heat of the carbon dioxide
circulating in the duct 10a is released to the heat-carrying
fluid FT circulating in the auxiliary heat exchanger device
20.

[0046] With reference to Figures 2 and 3, the refriger-
ation system 1 can be provided with an electronic tem-
perature detection system, which is designed to supply
the electronic control unit 9 with electrical signals indic-
ative of the temperature t4 of the heat-carrying fluid FT
supplied by the external heat source 11, the temperature
of the heat-transfer fluid FT supplied by the adiabatic
cooling device 18, and the temperature t2 of the carbon
dioxide supplied at the outlet of the main cooling device 4.
[0047] Forthis purpose, the electronic temperature de-
tection system could comprise temperature sensors 26
which can be arranged: at the outlet of the main cooling
device 4 to supply a signal tm2 indicative of the temper-
ature t2 of the carbon dioxide supplied at the outlet of the
main cooling device 4; at the natural water reservoir 15
(if used in this embodiment) to supply a signal tms indic-
ative of the temperature of the heat-carrying fluid FT cor-
responding to or associated with the water; at the geo-
thermal system 16 (if used in this embodiment) to supply
a signal tms indicative of the temperature of the heat-
carrying fluid FT cooled by the ground; at the adiabatic
cooling device (if used in this embodiment) to supply a
signal tms indicative of the temperature of the air or of
the cooling water; at the evaporation tower 19 to supply
a signal tms indicative of the temperature of the heat-
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carrying fluid FT associated with the water cooled in the
tower; at the tank 29 provided with the phase change
materials (if used in this embodiment) to supply a signal
tmsindicative of the temperature ofthe heat-carrying fluid
FT.

[0048] The refrigeration system 1 according to the em-
bodiments shown in Figures 2 and 3 can be provided
preferably with a by-pass duct 27 which connects the
outlet of the primary cooling device 4 to the outlet of the
secondary cooling device 10, and valve means 28, for
example an electrically operated three-way valve, de-
signed to connect, on the basis of a control signal, the
outlet of the primary cooling device 4 to the inlet of the
secondary cooling device 10 or, alternatively, to the inlet
of the flow rate regulator device 8 thus by-passing the
secondary cooling device 10.

[0049] According to a possible embodiment the elec-
tronic control unit 9 can be configured so as to determine
the temperature t2 downstream of the main cooling de-
vice 4 on the basis of the temperature measured tm2
supplied by the measurement sensors 26, determine the
temperature t4 on the basis of the temperature measured
tms, compare the temperature t2 with a target tempera-
ture tob, compare the temperature t2 with the tempera-
ture t4, and control the valve means 28 on the basis of
the outcome of said comparisons.

[0050] Preferably, the electronic control unit 9 controls
the valve means 28 so as to establish communication
with the outlet of the primary cooling device 4 at the inlet
of the secondary cooling device 10 thus providing the
second cooling of the carbon dioxide when a first and a
second condition occur/are met, in which the first condi-
tion is met/occurs when the temperature t2 is greater
than the target temperature (t2>tob) while the second
condition is met/occurs when the temperature t2 is great-
er than the temperature t4.

[0051] Alternatively, when the first and/or the second
condition are not met, the electronic control unit 9 controls
the valve means 28 so as to establish communication
with the outlet of the primary cooling device 4 at the outlet
of the secondary cooling device 10 thus excluding the
latter from the refrigeration circuit 2.

[0052] The operation of the refrigeration system 1 ac-
cording to the various embodiments described above can
be easily deduced from the above and consequently will
not be further described. The use of a secondary cooling
device downstream of the primary cooling device tradi-
tionally present in reverse cycle refrigeration plants al-
lows the temperature of the carbon dioxide to be further
lowered before supplying it at the inlet to the expansion
valve and to the heat exchanger device, thus conven-
iently increasing the plant efficiency.

[0053] Lastly, it is clear that modifications and varia-
tions can be made to the refrigeration system and oper-
ating method described and illustrated above without de-
parting from the scope of the present invention defined
by the attached claims.

[0054] The embodiment illustrated in Figure 4 is rela-
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tive to an embodiment variation of the present invention
and corresponds to a refrigeration system 30, which is
similar to the refrigeration system 1, the component parts
of which will be indicated, where possible, by the same
reference numbers as those indicating corresponding
parts of the refrigeration system 1. The refrigeration sys-
tem 30 differs from the refrigeration system 1 due to the
fact that it comprises a plurality of external heat sources
11, which contain respective heat-carrying fluids FTiand
are connected to the secondary cooling device 10 by
means of a hydraulic circuit 31 which is structured to se-
lectively establish communication between the external
heat sources 11 and the secondary cooling device 10,
thus selectively supplying to the latter the heat-carrying
fluid Fti of the external heat source 11 selected.

[0055] According to a possible embodiment example
shown in Figure 4, the hydraulic circuit 31 can comprise
a series of electrically operated on-off valves 32, expe-
diently arranged along relative ducts 12 which connect
the external heat sources 11 to the secondary cooling
device 10, while the measurement sensors 26 supply to
the electronic control unit 9 an electric signal indicative
of the temperature tmsi (i, between 1 and n, is the number
of sources) associated with the fourth temperature t4 of
the relative heat-carrying fluid FTi. The electronic control
unit 9 can be configured so as toreceive the temperatures
tmsi, compare the temperatures tmsi with each other,
determine the external heat source 11 with lower tem-
perature tmsion the basis of the comparison, and operate
the valves 32 when the first and second condition occur,
so as to associate with the secondary cooling device 10
the external heat source 11 determined, i.e. having lower
temperature tmsi and therefore exclude the remaining
external heat sources 11.

[0056] According to a possible embodiment, the elec-
tronic control unit 9 can monitor continuously or at pre-
defined intervals the temperatures tmsi of the external
heat sources 11 and operate the valves 32 to switch/de-
viate the connection of the secondary cooling device 10
from a current external heat source 11 to another external
heat source 11 having a temperature t4 lower than the
temperature t4 of the remaining external heat sources
11 and in particular the one supplying the secondary cool-
ing device 10.

[0057] Due to this plant, thermal exchange between
the carbon dioxide and the most appropriate external
heat source 11, i.e. the one with temperature lower than
the others, is always ensured.

[0058] In use the electronic control unit 9 operates the
valves 32 to connect to the secondary cooling device 10
the most appropriate external heatsource 11, i.e. the one
having a temperature t4 lower than the other sources 11,
and if the first and second condition are met, it operates
the valve 28 to perform the second cooling of the carbon
dioxide to supply it at the outlet at the third temperature t3.
[0059] The embodiment illustrated in Figure 5 con-
cerns an embodiment variation relative to a refrigeration
system 40, which is similar to the refrigeration systems
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1 and 30, and the component parts of which will be indi-
cated, where possible, by the same reference numbers
as those that indicate corresponding parts of the refrig-
eration systems 1 and 30. The refrigeration system 40
differs from the refrigeration systems 1 and 30 due to the
fact that it comprises a plurality of secondary cooling de-
vices 10 each of which is associated with a respective
external heat source 11, a plurality of by-pass ducts 27
each of which is associated with a corresponding sec-
ondary cooling device 10, and a plurality of valve means
28, for example three-way valves, each of which is ar-
ranged along a section of duct 7 connected to the inlet
of each secondary cooling device 10 and is designed to
connect by command the section of duct 7 to the inlet of
the secondary cooling device 10 or, alternatively, to the
inlet of the by-pass duct 27 thus excluding the secondary
coolingdevice 10 from the passage of the carbon dioxide,
then supplying the latter directly downstream of the sec-
ondary cooling device 10.

[0060] According to this embodiment, the electronic
control unit 9 can be configured so as to receive the tem-
peratures tmsi, compare the temperatures tmsi with one
another, determine the external heat source 11 which
has the lowest temperature tmsi on the basis of the com-
parison, and operate the valve means 28 when the first
and second condition are met, so as to operate the sec-
ondary cooling device 10 associated with the external
heat source 11 determined, i.e. presenting the lowest
temperature tmsi thus excluding the remaining second-
ary cooling devices 10 from the refrigeration circuit 2.
[0061] It should be pointed out, however, that accord-
ing to one possible embodiment, the electronic control
unit 9 can control the valve means 28 so that the sec-
ondary cooling devices 10 are individually and alterna-
tively connected/included in the refrigeration circuit 2,
one after the other on the basis of the temperatures tmi
measured. For example, the secondary cooling devices
10 canbe selectively connected to the refrigeration circuit
2 according to a decreasing sequential order of temper-
atures measured ti. In this way, the carbon dioxide is
cooled when it sequentially passes through the second-
ary cooling devices 10 by means of heat-carrying fluids
Fti which have progressively decreasing temperatures
measured tmsi.

[0062] It is understood that the refrigeration system 1
can be structured so that the arrangement of the second-
ary cooling devices 10 along the section 7 which connects
the outlet of the main cooling device 4 to the inlet of the
flow rate regulating device 8 is such as to ensure that the
carbon dioxide sequentially passes through the second-
ary cooling devices 10 according to an order of decreas-
ing temperatures t4. For example, according to the em-
bodiment shown in Figure 5, the three secondary cooling
devices 10 are arranged along the section 7 so that the
carbon dioxide leaving the main cooling device 4 passes
in sequence through the first secondary cooling device
10 having the temperature t4'<t3, the second secondary
cooling device 10 having the temperature t4" < t4’ and
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the third secondary cooling device 10 having the temper-
ature t4"<t4".

[0063] It should be noted that the secondary cooling
devices 10 can therefore be conveniently exploited indi-
vidually, allowing exchange with one single external heat
source 11, or in series according to the relative temper-
atures.

[0064] This embodiment conveniently increases the
efficiency of the refrigeration system 1 since it allows the
carbon dioxide to undergo a series of heat exchanges,
in which each heat exchange is performed on the basis
of a temperature difference between the carbon dioxide
and the heat-carrying fluid supplied by the relative exter-
nal heat source 11 which, thanks to the multiple ex-
change, is considerably reduced.

Claims

1. A refrigeration system (1)(30)(40) comprising a pri-
mary refrigeration circuit (2) that contains carbon di-
oxide and is provided with:

- a compressor device (3) to compress the car-
bon dioxide,

- a primary cooling device (4), which is designed
to perform a first cooling of the carbon dioxide
leaving said compressor device (3) so as to ex-
tract the heat from the carbon dioxide to cause
a drop in the temperature of the carbon dioxide
from a first temperature (1) to a second temper-
ature (12),

- expansion means (5) designed to expand the
carbon dioxide supplied by the primary cooling
device (4), and

- a heat-exchanger device (6) designed to ac-
cumulate heat in the expanded carbon dioxide
supplied by the expansion means (5) and then
supply the carbon dioxide to said compressor
device (3);

said system (1) being characterized in that it com-
prises at least one secondary cooling device (10),
which is located downstream of said primary cooling
device (4) and upstream of said expansion means
(5), and is designed to perform a second cooling of
the carbon dioxide leaving said primary cooling de-
vice (4) to cause a further drop in the temperature
of the carbon dioxide from said second temperature
(t2) to a third temperature (t3), lower than said sec-
ond temperature (t2), before the carbon dioxide is
supplied to said expansion means (5).

2. Arefrigeration system according to claim 1, wherein
said secondary cooling device (10) is thermally/hy-
draulically associated with at least one external aux-
iliary heat source (11) designed to supply the sec-
ondary cooling device (10) with a heat-carrying fluid
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(FT) having a fourth temperature (t4), lower than the
third temperature (t3), so as to transfer heat from the
carbon dioxide to the heat-carrying fluid (FT) and so
cause a drop in the temperature of the carbon dioxide
to said third temperature (3).

A refrigeration system according to claim 1 or 2,
wherein said external auxiliary heat source (11) com-
prises at least one natural water reservoir (15) con-
taining a heat-carrying fluid (FT) corresponding to,
or thermally associated with, water.

A refrigeration system according to claim 2, wherein
said external auxiliary heat source (11) comprises a
ground (16) and a geothermal cooling system (17),
which is associated with the ground (16), for cooling
the heat-carrying fluid (FT).

A refrigeration system according to claim 2, wherein
said external auxiliary heat source (11) comprises
at least one air-water adiabatic cooling device (18)
designed to cool the heat-carrying fluid (FT).

A refrigeration system according to claim 2, wherein
said external auxiliary heat source (11) comprises
cooling means comprising phase change materials
(PCM).

A refrigeration system according to claim 1, wherein
said secondary cooling device (10) is thermally/hy-
draulically associated with an external auxiliary re-
frigeration system (21) provided with a compressor
device (22) to compress said heat-carrying fluid (FT),
acooling device (23) that is designed to perform cool-
ing of the heat-carrying fluid (FT) leaving said com-
pressor device (22) so as to extract heat therefrom,
expansion means (24) designed to expand the heat-
carrying fluid (FT) supplied by the cooling device
(23), and a heat-exchanger device (20) that is asso-
ciated with said secondary cooling device (10) and
is designed to extract heat from the carbon dioxide
circulating in said secondary cooling device (10) so
astoreduce its temperature to said third temperature
(t3).

A refrigeration system according to claim 2, wherein
said secondary cooling device (10) is thermally/hy-
draulically associable with a plurality of external aux-
iliary heat sources (11); said system comprising
valve means (28) controllable to selectively connect
said secondary cooling device (10) to a single exter-
nal auxiliary heat source (11) belonging to said plu-
rality of external auxiliary heat sources (11).

Arefrigeration system according to claim 2, compris-
ing a plurality of secondary cooling devices (10) con-
nected in series, one after the other, and thermal-
ly/hydraulically associated with a plurality of respec-
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10.

1.

12.

13.

14.

tive external auxiliary heat sources (11); said system
comprising valve means (28) that can be controlled
to perform the second cooling of the carbon dioxide
by means of one or more secondary cooling devices
(10).

Arefrigeration system according to claim 8 or 9, com-
prising electronic control means (9) configured so as
to determine, via temperature sensor means (26),
the temperature (tmsi) of said heat-carrying fluid (FT)
supplied by the external auxiliary heat sources (11),
and compare said temperatures (tmsi) with each oth-
er to determine the external auxiliary heat source
(11) having the lower temperature.

A refrigeration system according to claim 8 and 10,
wherein said electronic control means (9) are con-
figured so as control said valve means (28) to con-
nect, each time, said secondary cooling device (10)
to the determined external auxiliary heat source (11)
associated with the lower temperature.

A refrigeration system according to claim 9 and 10,
wherein said electronic control means (9) are con-
figured so as control said valve means (28) to selec-
tively connect a secondary cooling device (10) hav-
ing said lower temperature (tmsi) to said refrigeration
circuit (2).

A refrigeration system according to claim 9 and 10,
wherein said electronic control means (9) are con-
figured so as to control said valve means (28) to con-
nect a series of secondary cooling devices (10) to
said refrigeration circuit (2) in order to cause the car-
bon dioxide to pass through said secondary cooling
devices (10) following an order of decreasing tem-
peratures of the respective heat-carrying fluids (FT).

A method of operating a refrigeration system (1) that
comprises a primary refrigeration circuit (2) which
contains carbon dioxide and is provided with:

- a compressor device (3) to compress the car-
bon dioxide,

- a primary cooling device (4), which is designed
to perform a first cooling of the carbon dioxide
leaving said compressor device (3) so as to ex-
tract the heat from the carbon dioxide to cause
a drop in the temperature of the carbon dioxide
from a first temperature (1) to a second temper-
ature (12),

- expansion means (5) designed to expand the
carbon dioxide supplied by the primary cooling
device (4), and

- a heat-exchanger device (6) designed to ac-
cumulate heat in the expanded carbon dioxide
supplied by the expansion means (5) and then
supply the carbon dioxide to said compressor
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device (3);

said method being characterized by performing a
second cooling of the carbon dioxide by means of a
secondary cooling device (10), which is located
downstream of said primary cooling device (4) and
upstream of said expansion means (5), to cause a
further drop in the temperature of the carbon dioxide
from said second temperature (t2) to a third temper-
ature (t3), lower than said second temperature (2),
before it is supplied to said expansion means (5).
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