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TEMPERATURE IN SUCH A CABINET

(57) A cabinet for displaying and storing food prod-
ucts (P, P’), comprising: a supporting frame (2) defining
at least one heated compartment (4) with a predeter-
mined temperature (T4 ) and at least one refrigerated
compartment (3) with a predetermined temperature (T3 )
insulated from each other; a circuit (6) comprising at least
one compressor (8), at least one main heat exchanger
(9), at least one secondary heat exchanger (10), and at
least one expansion valve (11); sensor means suited to
measure the temperature (T) at the outlet (16) of the sec-
ondary heat exchanger (10); heat dissipation means (21)
associated with the secondary heat exchanger (10); an
electronic control unit operatively connected at least to
the sensor means and to the heat dissipation means (21).
The electronic control unit is suited to promote the selec-
tive activation/deactivation of the heat dissipation means
(21) so as to maintain the temperature (T) of the fluid (7)
at the outlet (16) of the secondary heat exchanger sub-
stantially constant at a predetermined reference value
(Trer )- A method for controlling the temperature in the
environments (3, 4) intended to promote the display and
storage of food products (P, P’).

CABINET FOR DISPLAY OF FOOD PRODUCTS AND METHOD FOR CONTROLLING THE

I P' 5 | 2

FIG. 1

Processed by Luminess, 75001 PARIS (FR)

(Cont. next page)



EP 4 109 011 A1

(52) Cooperative Patent Classification (CPC): (Cont.)
F25B 2700/21163; F25B 2700/21174;
F25D 21/14; F25D 2321/1412



1 EP 4 109 011 A1 2

Description

Field of application of the invention

[0001] The present invention concerns the technical
field of preservation of edible products, and the subject
of the invention is a cabinet for displaying and storing
food products.

[0002] The subject of the invention also includes a
method for controlling the temperature inside the envi-
ronments intended for displaying and storing food prod-
ucts.

State of the art

[0003] As is known, the display cabinets available on
the market make it possible to store both food products
that must be stored in cold environments and food prod-
ucts that must be stored in warm environments under
optimal conditions.

[0004] More specifically, such assemblies are provid-
ed with a plurality of compartments, each of which is in-
sulated from the external environment by means of a
frame or window, in such a way as to maintain the tem-
perature conditions inside them substantially constant.
[0005] These cabinets, therefore, are provided with at
least one refrigerated compartmentinside which it is pos-
sible to store food products subject to rapid deterioration
such as, for example, vegetables, fruit, dairy products
etc., and at least one heated compartment suited to store
specific cooked or partially cooked food products at a
temperature higher than the ambient temperature.
[0006] According to the regulations in force in many
countries, the compartment of a display cabinet intended
to reproduce a food counter must be set up in such a way
that the food product is kept at a predetermined heating
temperature which can vary within a predetermined and
limited range of values.

[0007] For example, in ltaly the storage temperature
for cooked and perishable food to be consumed hot
(ready meals, snacks, poultry etc.) is included between
60°C and 65°C.

[0008] The cabinets with refrigerated compartments
and heated compartments are equipped with a thermal
system that is suited to promote the extraction of heat
from the refrigerated compartment and the introduction
of heat into the heated compartment.

[0009] These systems exploit the thermal properties
associated with the change of state of one or more fluids
circulating inside a closed circuit.

[0010] Inessence, the extraction of heat (and the gen-
eration of cold) from the refrigerated compartment is ob-
tained by running a reverse Carnot cycle applied to a
single carrier fluid, usually comprising carbon dioxide
(CO,) or gas mixtures containing mainly carbon dioxide.
[0011] However, normal refrigeration cycles using car-
bon dioxide as the carrier fluid are not suited to promote
the heating and cooling of the respective compartments
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in an energy-efficient manner.

[0012] Even the thermal efficiency of the entire cycle
is rather low, as the refrigeration circuits using carbon
dioxide (or other carrier fluids) can be easily optimized
when it is necessary to promote only the heating or only
the cooling, while they do not seem to be particularly
suited to optimize thermal efficiency when it is necessary
to promote both the heating and cooling of different com-
partments.

[0013] In the technical field of food preservation sys-
tems, there is therefore the need to develop a cycle con-
trol system operated by a single carrier fluid which makes
it possible to maximize and optimize the efficiency of the
heat exchange associated with both compartments (the
heated compartment and the cooled compartment).

Presentation of the invention

[0014] The present invention intends to overcome the
above-mentioned drawbacks by providing a particularly
effective and efficient cabinet for displaying and storing
food products.

[0015] More specifically, the main object of the present
invention is to provide a cabinet for displaying and pre-
serving food products which makes it possible to mini-
mize losses and maximize thermal efficiency.

[0016] It is a further object of the present invention to
provide a cabinetfor displaying and preserving food prod-
ucts which is able to maintain the temperature in the two
compartments substantially constant.

[0017] It is another object of the present invention to
provide a cabinetfor displaying and preserving food prod-
ucts which makes it possible to minimize the temperature
fluctuations caused by losses/fluctuations in the refriger-
ation cycle to which the carrier fluid is subjected.

[0018] Lastly, it is not the least object of the present
invention to provide a cabinet for displaying and preserv-
ing food products which makes it possible to optimize the
energy associated with the carrier fluid in such a way as
to reduce losses and improve the overall energy efficien-
cy of the refrigeration cycle.

[0019] These objects are achieved by a method for
controlling temperature in a cabinet for displaying and
preserving food products according to claim 1.

[0020] Otherobjectsthatare describedingreaterdetail
below are achieved by a cabinet for displaying and pre-
serving food products according to the dependent claims
from 2 to 9.

[0021] According to a further aspect of the invention,
the subject of the same is a method for controlling tem-
perature in the environments intended to promote the
display and storage of food products ofthe type according
to claim 10.

[0022] Said method offers the same advantages as
those already described with reference to the cabinet,
and in particular makes it possible to optimize the effi-
ciency of the refrigeration cycle to which the carrier fluid
is subjected, in such a way as to maintain a substantially
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uniform temperature inside the heated compartment and
inside the refrigerated compartment, thus maximizing en-
ergy efficiency.

[0023] Further objects achieved by the cabinet can be
deduced from the dependent claims from 11 to 15.

Brief description of the drawings

[0024] The advantages and characteristics of the
present invention are clearly illustrated in the following
detailed description of some preferred but not limiting
configurations of a method for controlling the temperature
of a heated compartment and a refrigerated compart-
ment, and of a cabinet for displaying and storing food
products, especially with reference to the following draw-
ings:

- Figure 1 shows a schematic view of a cabinet for
displaying and storing food products according to
the invention;

- Figure 2 shows a state diagram of the carrier fluid
used in the cabinet illustrated in Figure 1.

Detailed description of the invention

[0025] The present invention relates to a cabinet for
displaying and storing food products, and a method for
controlling the temperature in the environments intended
to promote the display and storage of food products.
[0026] A cabinetaccording tothe invention is schemat-
ically shown in Figure 1 and is indicated here below by
the reference number 1.

[0027] Said cabinet 1 can mainly be installed in retail
outlets and hypermarkets (shops, supermarkets etc.) to
display and store packaged food products or food suited
to be eaten immediately (or within a short time after the
purchase) such as, for example, deli food, take-away
products etc.).

[0028] The cabinet 1 that is the subject of the present
inventionis constituted by a supporting frame 2, generally
a self-bearing frame, defining a supporting base intended
to come into contact with the floor (not illustrated in the
figures), and a plurality of compartments 3, 4 generally
extending in the upper part of the frame 2.

[0029] The food products P to be preserved are stored
inside the compartments 3, 4.

[0030] More specifically, the frame 2 (and consequent-
ly the cabinet 1) is such as to define at least one com-
partment 3 for the storage of refrigerated products P and
at least one compartment 4 for the storage of heated
products P’.

[0031] In the configuration of the cabinet 1 illustrated
in Figure 1 there is a single compartment 3 for storing
cold products P (which hereinafter in this description is
referred to as "refrigerated compartment") and a single
compartment 4 for storing cooked or heated products P’
(which hereinafter in this description is referred to as
"heated compartment").
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[0032] Such aconfiguration of the cabinet 1 is provided
only by way of example, as the latter can be configured
so as to define a plurality of refrigerated compartments
3 (insulated and distinct from each other) and/or a plu-
rality of heated compartments 4 (insulated and distinct
from each other).

[0033] The arrangement of the compartments 3, 4 (in
amulti-compartment cabinet1, thatis, a cabinet provided
with several compartments per each type) can be such
as to form relatively large areas for displaying and storing
the refrigerated products P and the heated products P’.
[0034] More specifically, it is possible to define a rela-
tively large display area for all the refrigerated products
P (made up, for example, of all the refrigerated compart-
ments arranged side by side).

[0035] Similarly, it can also be envisaged a display ar-
ea for the heated products P’ (made up of all the heated
compartments arranged side by side).

[0036] Furthermore, the subject of the present inven-
tion may include also a cabinet assembly 1 resulting from
the union of several distinct cabinets (each of which com-
prising respective refrigerated compartments 3 and heat-
ed compartments 4) served, however, by a single circuit
providing for the forced circulation of a carrier fluid. In
this case, the frame 2 can be defined as the union of all
the frames making up the respective cabinets.

[0037] Obviously, each compartment 3, 4 can be
equipped with a plurality of shelves 5 suited to support
the various food products P, P’ thus facilitating their dis-
play.

[0038] Thetemperature Tsinside therefrigerated com-
partments 3 and the temperature T, inside the heated
compartments 4 can vary within a predetermined range
that is defined by the user.

[0039] In fact, each refrigerated compartment 3 can
have an internal temperature T, ranging between -5°C
and +10°C, while each heated compartment 4 can have
an internal temperature T4 (except for defrosting periods)
ranging between 60°C and 90°C.

[0040] The temperature T, inside the heated compart-
ment 4 can be selected in such a way as to meet the
specifications provided by the national reference stand-
ards for the storage of cooked food.

[0041] For example, in ltaly the storage temperature
for cooked and perishable food to be consumed hot
(ready meals, snacks, poultry etc.) is between 60°C and
65°C.

[0042] The cabinet 1 can also include a closed circuit
6 suited to allow the circulation of a carrier fluid 7.
[0043] More specifically, the carrier fluid 7 can com-
prise carbon dioxide CO, or a mixture having a high con-
tent of carbon dioxide CO,.

[0044] Carbon dioxide has good thermophysical prop-
erties within the range of pressures used in the cabinet
1 that is the subject of the present invention, which are
specified more clearly below.

[0045] In addition, carbon dioxide is a fluid character-
ized by a low environmental impact, thus making it pos-
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sible to limit the construction and disposal costs of a cab-
inet 1 using a heating/cooling system designed to contain
said fluid.

[0046] In addition, differently from hydrocarbon-based
carrier fluids (R290, R600 etc.), carbon dioxide is not
flammable or explosive; the cabinets 1 using this fluid
can therefore be located in a wide range of places in
complete safety.

[0047] Thecircuit6isshapedinsuchaway astodefine
a closed loop and is constituted by piping sections and
fluid-dynamic components suited to transform the carrier
fluid 7 according to a reverse Carnot cycle, that is, ac-
cording to a refrigeration cycle.

[0048] Conveniently, the circuit 6 containing the carrier
fluid 7 can have respective portions fluidically and oper-
atively associated with the refrigerated compartment 3
and the heated compartment 4, respectively.

[0049] The portions of the circuit 6 associated with the
compartments 3, 4 make it possible exchange thermal
energy Q between the carrier fluid 7 and the air contained
in the volumes defined by the compartments 3, 4 them-
selves, in such a way as to cool and/or heat the environ-
ments where the food products P, P’ are stored.

[0050] The circuit provides for the use of a compressor
8, at least one main heat exchanger 9, at least one sec-
ondary heat exchanger 10 and at least one fluid expan-
sion valve 11.

[0051] Conveniently, an evaporator 17 fluidically asso-
ciated with the refrigerated compartment 3 so as to cool
it down to the temperature T defined by the user can be
provided downstream of the expansion valve 11 (and up-
stream of the compressor 8).

[0052] Therefore, the evaporator 17 can be interposed
between the expansion valve 11 and the compressor 8
and be provided with an inlet fluidically connected to the
expansion valve 11 and an outlet fluidically connected to
the compressor 8.

[0053] Obviously, the operation of the expansion valve
11 makes it possible to reduce the temperature and the
pressure of the fluid 7; the latter, while flowing through
the evaporator 17, heats up by absorbing heat from the
refrigerated compartment 3. This heat exchange makes
it possible to maintain the temperature T3 inside the re-
frigerated compartment 3 at a substantially constant val-
ue or a value close to that set by the user.

[0054] Conveniently, the compressor 8 can be
equipped with an inverter and can be of the type suited
to promote the compression of the carrier fluid 7 under
relatively high pressures.

[0055] The main heat exchanger 9 can be positioned
downstream of the compressor 8 (with respect to the di-
rection of circulation of the fluid 7 inside the circuit 6,
indicated by the arrow 12 in the diagram in Figure 1).
[0056] Thus, the main heat exchanger 9 has an inlet
15 fluidically connected to the compressor 8 and an outlet
18 fluidically connected (or associated) with the second-
ary heat exchanger 10.

[0057] Conveniently, the main heat exchanger 9 is in-
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stalled in the area of the circuit 6 located at the heated
compartment 4 (or compartments).

[0058] Inthe case of a multi-compartment cabinet 1, a
set of main heat exchangers 9 can be provided, each of
which is directly placed in communication with a corre-
sponding compartment 4 so as to heat it.

[0059] The secondary heat exchanger 10 can be po-
sitioned downstream of the main heat exchanger 9 (with
respect to the direction of circulation 12 of the fluid 7).
[0060] Conveniently, the secondary heat exchanger
10 can comprise an inlet 19 connected (or associated)
with the outlet 18 of the main heat exchanger 9 and an
outlet 16 fluidically connected to the expansion valve 11.
[0061] The expansion valve 11 for the fluid 7 is in-
stalled, respectively, downstream of the secondary heat
exchanger 10 and upstream of the evaporator 17.
[0062] During the activation of the compressor 8, the
pressure of the carrier fluid 7 is raised to a predetermined
value. The section of the circuit 6 included between the
outlet 13 of the compressor 8 and the outlet 16 of the
secondary heat exchanger 10 is characterized in that it
promotes the circulation of the fluid 7 under high pressure
and, for this reason, is called the "high pressure side".
[0063] The remaining part of the circuit (from the outlet
of the expansion valve 11 to the inlet of the compressor
8) is characterized by a relatively low pressure of the
carrier fluid 7, and for this reason it is called the "low
pressure side".

[0064] In other words, the closed circuit 6 can be de-
fined as the union of a high pressure side and a low pres-
sure side.

[0065] As is better clarified below, for the purposes of
the present invention it is possible to define an optimal
pressure Po of the carrier fluid 7 at the outlet 13 of the
compressor 8 (and thus at the inlet 15 of the main heat
exchanger 9).

[0066] The passage ofthe fluid 7 (under high pressure)
through the main heat exchanger 9 makes it possible to
transfer to the heated compartment 4 the thermal power
Q1 necessary to heat it up to the set temperature T,.
[0067] Asis betterclarified below, the optimal pressure
Po of the fluid 7 at the outlet 13 of the compressor 8
represents the pressure value that makes it possible to
maximize the efficiency of the two heat exchanges: i) the
heat exchange associated with the carrier fluid 7 when
it flows through the main heat exchanger 9 and ii) the
heat exchange of the fluid 7 when it flows through the
evaporator 17.

[0068] For this reason, the setting of the optimal pres-
sure Po of the fluid 7 at the outlet 13 of the compressor
8 makes it possible to promote the operation of the circuit
6 in the condition of maximum efficiency (that is, with
minimum losses) associated with the two heat exchang-
es described above (main heat exchanger 9 / evaporator
17).

[0069] Therefore, the main heat exchanger 9 makes it
possible to transfer the thermal power Q1 necessary to
maintain the heating temperature T4 to the compartment
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4.

[0070] Subsequently, the fluid 7 under high pressure
flows through the secondary heat exchanger 10 in such
a way as to dissipate a predetermined amount of heat
Q2 in the external environment.

[0071] Conveniently, the temperature of the fluid 7 at
the outlet 16 of the secondary heat exchanger 10 (and
thus at the inlet 14 of the expansion valve 11) can be
equal to a predetermined reference value Trgg-

[0072] Thereference value Tggg of the temperature of
the fluid 7, measured at the outlet 16 of the secondary
heatexchanger 10, can be defined according to the value
of the temperature T, of the heated compartment 4 and
to the value of the temperature T of the refrigerated com-
partment 3.

[0073] In particular, the reference value Trgg can vary
depending only on the temperature T; set in the refrig-
erated compartment 3. Thus, a change in the value of
the temperature T, can cause a change in the value of
the temperature Trgg, which must remain constant at the
outlet 16 of the secondary heat exchanger 10.

[0074] In an alternative configuration of the invention,
the reference value Tgrgg can vary depending only on the
temperature T, setin the heated compartment 4, or Treg
can vary according to both the value of the temperature
T, and the value of the temperature T,4. Thus, a change
in the value of the temperature T, (or of temperature T3
and T,4) can cause a change in the value of the temper-
ature Tgrgg Which must remain constant at the outlet 16
of the secondary heat exchanger 10.

[0075] More specifically, the reference value Trgg of
the temperature of the fluid 7 can vary within a range of
values, delimited by a predetermined minimum value and
a predetermined maximum value, suited to guarantee
the operation of the system in transcritical mode in the
"high pressure side", thatis, in the side included between
the outlet 13 of the compressor 8 and the inlet 14 of the
expansion valve 11.

[0076] In particular, the reference value Trgg of the
temperature of the fluid 7 can be a single value that re-
mains constant during the circulation of the fluid 7 in the
circuit 6), or it can always be constant but fall within a
predetermined range of values. Alternatively, the refer-
ence temperature Trgg can present minimal oscillations,
all falling within a small, predetermined temperature
range.

[0077] For example, the reference temperature Trgg
of the fluid 7 can vary within the range between 25°C and
45°C.

[0078] According to a specific aspect of the invention,
the value of the reference temperature Tggg is kept sub-
stantially constant during the operation of the cabinet 1;
that is, the value of the reference temperature Tggf is
kept constant during the forced circulation of the fluid 7
inside the circuit 6 promoted when the compressor 8 is
operated. In other words, the temperature Tgrgg remains
substantially constant in the lapse of time during which
the heated compartment 4 and the refrigerated compart-
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ment 3 are maintained at their respective operating tem-
peratures T,, T, (thatis, during the lapse of time which
does not include defrosting and the switching off of the
circuit 6 and in which there is no circulation of the carrier
fluid 7).

[0079] The sum of the thermal powers (Q1 + Q2) dis-
sipated by the two heat exchangers 9, 10, therefore, is
such as to allow the carrier fluid 7 to pass from an initial
temperature T43 higher than the reference temperature
Trer (at the outlet 13 of the compressor 8) to a value
equal to the reference temperature Tggg.

[0080] Forexample, the temperature T45 of the fluid 7
at the inlet 15 of the main heat exchanger 9 (and thus at
the outlet 13 of the compressor 8) can be included be-
tween 80 °C and 110 °C.

[0081] After the heat exchange promoted at the level
of the main heat exchanger 9 (transfer of the amount of
heat Q1 to the heated compartment 4 in such a way as
to maintain the latter at a temperature not lower than
65°C), the temperature T,g of the carrier fluid 8 at the
outlet 18 of the main heat exchanger 9 itself can be in-
cluded between 65°C and 90°C.

[0082] However, the value of the temperature T,q of
the fluid 7 at the inlet 19 of the secondary heat exchanger
10 can be significantly lower than the value assumed at
the outlet 18 of the main heat exchanger 9.

[0083] This occurs because the section of piping that
connects the two heat exchangers 9, 10 can be used to
promote the partial evaporation of the water collected
after the melting of the ice formed on the set of evapo-
rators associated with the refrigerated compartment 3
during normal operation of the cabinet 1.

[0084] More specifically, the frame 2 of the cabinet 1
can comprise a tank for collecting the water produced
during the defrosting phases of the evaporator 17 asso-
ciated with the compartment 3 (indicated by a broken line
with the reference number 20 in Figure 1) formed at the
evaporator 17 associated with the refrigerated compart-
ment 3.

[0085] Saidtank 20 can be traversed by the piping sec-
tion (or a tube heat exchanger, not shown in the figures)
which connects the heat exchangers 9, 10 with each oth-
er, which contains the carrier fluid 7 at a relatively high
temperature.

[0086] In this way, part of the water contained in the
tank 20 can be eliminated through evaporation.

[0087] While flowing through the tank 20, the fluid 7 is
slightly cooled.

[0088] For example, if the temperature T4g of the car-
rier fluid 7 at the outlet 18 of the main heat exchanger 9
is included between 65°C and 90°C, after flowing through
the collection tank 20 the same fluid may have a temper-
ature T,q included between 50°C and 80°C at the inlet
19 of the secondary heat exchanger 10.

[0089] In this way, the amount of heat Q2 dissipated
by the secondary heat exchanger 10 is selected in such
a way as to lower the temperature of the fluid 7 from the
higher value T,g (at the inlet 19 and included between
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50°C and 80°C) to the value of the reference temperature
Trer (at the outlet 16 and included between 25°C and
40°C).

[0090] The temperature of the fluid 7 at the outlet 16
of the secondary heat exchanger 10 is substantially kept
constant at the value Trgg during the entire activation
time of the compressor 8. In other words, the temperature
T of the fluid 7 at the outlet 16 of the secondary heat
exchanger 10 remains fixed at the value Trgg (except
for possible minimal fluctuations around this value) and
is not subject to substantial increases/decreases with re-
spect to the reference value Tggg.

[0091] The operation of the circuit 6 at the base of the
cabinet 1 that is the subject of the present invention,
therefore, differs from the known art in that:

- there is no maximum threshold temperature associ-
ated with the fluid 7 at the outlet 16 of the secondary
heat exchanger 10;

- the thermal power Q2 dissipated by the secondary
heat exchanger 10 is not defined in such a way as
to maintain the fluid 7, at the outlet 16 of the second-
ary heat exchanger 10, at any temperature below
the maximum threshold value;

- thevalue of the temperature of the fluid 7 atthe outlet
16 of the secondary heat exchanger 10 is fixed and
not variable and, for this reason, it is not subject to
deviations (in the systems known in the art, these
deviations are all below the maximum threshold val-
ue).

[0092] To facilitate said heat dissipation, the cabinet 1
is provided with heat dissipation means 21 associated
with the secondary heat exchanger 10.

[0093] Generally, the heat dissipation means 21 can
comprise one or more fans, indicated by the reference
number 22 in Figure 1, which are suited to extract the
heat transferred to the secondary heat exchanger 10 by
the carrier fluid 7 in order to dissipate such heat in the
installation environment.

[0094] In this way, the selective activation of the fans
22 makes it possible to vary the overall thermal power
Q2 dissipated by the secondary heat exchanger 10 so
as to substantially maintain the carrier fluid 7 at a constant
reference temperature Treg at the outlet 18 of the sec-
ondary heat exchanger 10.

[0095] Conveniently, the heat dissipation means 21
can be constituted by a plurality of fans 22 associated
with the secondary heat exchanger 10 and suited to be
activated selectively and independently of each other.
[0096] In this way, it is possible to vary the amount of
heat extracted from the secondary heat exchanger 10
and, consequently, to obtain a change in Q2.

[0097] The fans 22 can be provided with an electronic
control module, not shown in Figure 1, suited to vary the
power supply voltage in order to vary the rotation speed
of the fan itself.

[0098] The total heat Q2 extracted from the secondary
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heat exchanger due to the action of the fans 22 can,
therefore, be the result of the synergic effect obtained by
instantaneously varying the total number of fans 22 ac-
tivated simultaneously and the rotation speed of each
single fan.

[0099] Consequently, the activation of the fans 22, as
described above, makes it possible to vary the thermal
power Q2 intended to be eliminated from the circuit 6 in
the high pressure side. In this way, the temperature of
the fluid 7 at the outlet 16 of the secondary heat exchang-
er 10 is maintained at a value substantially equal to the
reference value Trgg (or close thereto).

[0100] Conveniently, the cabinet 1 can comprise sen-
sor means, not illustrated in Figure 1, suited to measure
the pressure and/or the temperature of the fluid 7 at var-
ious points of the circuit 6.

[0101] More specifically, the sensor means can be con-
figured to measure the instant temperature T3, T4 inside
the refrigerated compartment 3 and the heated compart-
ment 4, as well as the temperature and/or the pressure
of the carrier fluid 7 at the inlet and/or outlet of the various
components of the circuit 6.

[0102] Conveniently, the cabinet 1 can be provided
with an electronic control unit, not shown in Figure 1,
which is operatively connected to the compressor 8, the
heat dissipation means 21 and the expansion valve 11.
[0103] In addition, the electronic control unit can be
operatively connected also to the sensor means in such
a way as to receive, at least, information on the instant
temperature T, T4 inthe refrigerated compartment 3 and
the heated compartment 4 as well as information on the
temperature T of the fluid at the outlet 16 of the secondary
heat exchanger 10 so as to check that it corresponds to
the reference value Trgg-

[0104] Conveniently, the electronic control unit can se-
lectively activate/deactivate the heat dissipation means
21 according to the instant temperature T, ,T, inside the
compartments 3 and 4.

[0105] More specifically, when the temperature T, of
the heated compartment 4 decreases, the amount of heat
Q2 dissipated by the secondary heat exchanger 10 and
the heat dissipation means 21 increases (as the amount
of heat Q1 transferred from the main heat exchanger 9
to the heated compartment 4 decreases).

[0106] On the contrary, when the temperature T, of
the heated compartment 4 increases, the amount of heat
Q2 dissipated by the secondary heat exchanger 10 and
the heat dissipation means 21 decreases (as the amount
of heat Q1 transferred from the main heat exchanger 9
to the heated compartment 4 increases).

[0107] Similarly, even a change in the temperature T,
associated with the refrigerated compartment 3 changes
the value of the thermal energy associated with the fluid
7 in the low pressure side of the circuit 6 in such a way
as to cause a change in the value of the thermal energy
Q2 dissipated by the secondary heat exchanger 10 and
the heat dissipation means 21.

[0108] In essence, the electronic control unit can se-
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lectively activate/deactivate one or more fans 22 (or vary
their rotation speed) in such a way as to modulate the
amount of heat Q2 dissipated by the secondary heat ex-
changer 10 so as to: i) keep the temperature T of the fluid
7 substantially constant at the reference value Trgp at
the outlet 16 of the heat exchanger itself, ii) keep the
temperature T3, T, in the compartments 3, 4 at a value
corresponding to that previously set by the user.

[0109] The cabinet 1 that is the subject of the present
invention is thus suited to heat and refrigerate the com-
partments 3, 4 by means of a reverse Carnot cycle ap-
plied to a carrier fluid 7 with a constraint on the temper-
ature of the fluid at the outlet of the high pressure side.

[0110] In addition, the circuit 6 is sized in such a way
asto generate, under any operating condition, an amount
of heat Qtot associated with the carrier fluid 7 greater
than the amount of heat Q1 necessary to heat the heated
compartment 4 (Qtot > Q1).

[0111] Itis possible to dissipate a part Q2 of the excess
heat associated with the carrier fluid 7 (compared to the
heat Q1 required to heat the compartment 4) through the
secondary heat exchanger 10 and the activation of the
heat dissipation means 21.

[0112] The value of Q2 is always greater than zero and
the selective activation of the heat dissipation means 21
makes it possible to vary the magnitude of said heat Q2
in such a way as to obtain a value of the temperature of
the fluid 7 at the outlet 16 of the secondary heat exchang-
er 10 which is substantially equal to the reference value
TREF-

[0113] It was possible to demonstrate experimentally
that the setting up of a refrigeration cycle of the type de-
scribed above (thatis, suited to have a value of Q2 greater
than zero and a substantially constant temperature Trgg
ofthe fluid 7 atthe outlet of the secondary heat exchanger
10) makes it possible to maximize the thermal efficiency
of both the high pressure side and the low pressure side.
[0114] Conveniently, the circuit 6 associated with a
cabinet 1 that is the subject of the present invention can
be configured in such a way as to promote the circulation
of the carrier fluid 7 in the transcritical region, where the
term "transcritical" means the state of the fluid in which
the liquid phase and the gaseous phase do not coexist
any longer.

[0115] This operation region of the fluid 7 is highlighted
in the enthalpy-pressure diagram in Figure 2.

[0116] In particular, the electronic control unit can be
configured so as to keep the carrier fluid 7 in the tran-
scritical operating region when it circulates in the high
pressure side of the circuit 6.

[0117] In particular, the electronic control unit can be
configured so as to keep the carrier fluid 7 in the tran-
scritical operating region exclusively in the high pressure
part of the circuit 6.

[0118] Furthermore, the provision of a refrigeration cy-
cle of the type described above (that is, suited to feature
a value of Q2 greater than zero, a substantially constant
temperature Tgrgg of the fluid 7 at the outlet of the sec-

10

15

20

25

30

35

40

45

50

55

ondary heat exchanger 10 and a transcritical phase of
the fluid in the high pressure zone) makes it possible to
maximize the thermal efficiency of the circuit 6 as it is
easier to control the parameters of the fluid 7 at the high
pressure side (and, consequently, also at the low pres-
sure side).

[0119] The evaporation of the fluid 7, that is, its partial
transformation into the gaseous phase, takes place in
the low pressure side of the circuit 6.

[0120] Conveniently, each value of the reference tem-
perature Trep is associated with a certain optimal pres-
sure Po of the fluid 7 measured at the outlet 13 of the
compressor 8 (or, alternatively, at the inlet 15 of the main
heat exchanger 9).

[0121] As indicated above, the value of the optimal
pressure Po of the fluid 7 falls within the transcritical re-
gion.

[0122] The optimal pressure Po represents the pres-
sure value that makes it possible to optimize the efficien-
cy of the heatexchange ofthe fluid 7 ini) the high pressure
side and ii) the low pressure side.

[0123] Ithas beenfound experimentally that when car-
bon dioxide is used as carrier fluid the optimal pressure
can be included between 75 bar and 90 bar (when the
reference temperature Trgg of the fluid is between 30 °C
and 40 °C).

[0124] In particular, as shown in greater detail in the
diagram in Figure 2, as the reference temperature Trgg
varies, the optimal pressure Po of the fluid 7 can follow
a curve having a predetermined shape (for example, a
straight line with an angular value smaller than one)
whose points all fall within the transcritical region.
[0125] According to a further aspect of the invention,
a method for controlling the temperature in the environ-
ments intended to contain and store food products is pro-
vided.

[0126] Said method can also be used to control the
temperature T3, T, in the refrigerated compartments 3
and in the heated compartments 4 provided in a cabinet
1 for storing and displaying food products of the type
previously described.

[0127] Said method includes a step a) of provision of
at least one refrigerated compartment 3 and at least one
heated compartment 4. Obviously, both of these com-
partments 3, 4 are intended to contain food products P,
P’ suited to be consumed by a user.

[0128] In step b) of the method, a closed circuit 6 is
prepared, which is suited to promote the circulation of a
carrier fluid 7. In particular, the circuit 6 comprises at least
one compressor 8, at least one main heat exchanger 9,
at least one secondary heat exchanger 10 and at least
one expansion valve 11.

[0129] Furthermore, the circuit 6 can also include an
evaporator 17 associated with the refrigerated compart-
ment 3.

[0130] The connection of the compressor 8, the main
heat exchanger 9, the secondary heat exchanger 10 and
the expansion valve 11 is the same as that previously
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described with reference to the cabinet 1.

[0131] Conveniently, the main heat exchanger 9 is as-
sociated with the heated compartment 4 in such a way
as to transfer to the latter a predetermined amount of
heat Q1 suited to heat said compartment 4 up to a pre-
determined temperature T, set by the user.

[0132] In addition, the secondary heat exchanger 10
is positioned downstream of the main heat exchanger 9
and upstream of the expansion valve 11. The latter, fur-
thermore, is positioned upstream of the refrigerated com-
partment 3.

[0133] The purpose of the secondary heat exchanger
10 is to transfer a predetermined amount of heat, indi-
cated by Q2, to the external environment (and thus to
dissipate it from the circuit 6).

[0134] Conveniently, the fluidic connection between
the main heat exchanger 9 and the secondary heat ex-
changer 10 can be obtained by means of one or more
pipes inside which the carrier fluid 7 circulates.

[0135] Said pipes can pass through a tank 20 suited
to collect the water produced at the evaporator 17 during
the defrosting phase of the refrigerated compartment 3.
[0136] The temperature of the carrier fluid 7 flowing
through the tank 20 (inside the relevant pipe) is relatively
high and suited to promote the partial evaporation of the
water contained inside said tank.

[0137] Forthisreason,the fluid 7, whenitflows through
the tank 20, is slightly cooled.

[0138] The circuit 6 described above can be divided
into two portions according to the pressure associated
with the carrier fluid.

[0139] Inparticular, itis possible to define a "high pres-
sure side" of the circuit included between the inlet 15 of
the main heat exchanger 9 (or the outlet 13 of the com-
pressor 8) and the outlet 16 of the secondary heat ex-
changer 10 (or the inlet 14 of the expansion valve 11).
[0140] The high pressure side of the circuit 6 is there-
fore associated with the heated compartment 4.

[0141] The remaining portion of the circuit 6 can be
defined as a "low pressure side"; this side is included
between the inlet 14 of the expansion valve 11 (or the
outlet 16 of the secondary heat exchanger 10) and the
inlet of the compressor 8.

[0142] Thelow pressure side ofthe circuit 6 is therefore
associated with the refrigerated compartment 3.

[0143] The entire circuit 6 can thus be defined as the
union of the high pressure side with the low pressure side.
[0144] Obviously, the pressure of the fluid 7 in the side
of the circuit 6 that includes the heat exchangers 9, 10
(high pressure) is significantly higher than the pressure
of the same fluid 7 in the low pressure side.

[0145] Conveniently, the method includes a step c) of
provision of sensor means suited to measure the tem-
perature T (and possibly the pressure) of the carrier fluid
7 at the outlet 16 of the secondary heat exchanger 10.
[0146] There is also a step d) of provision of heat dis-
sipation means 21. Said means 21 are associated with
the secondary heat exchanger 10 and are configured to
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be selectively activated in order to vary the amount of
heat Q2 extracted from the latter.

[0147] Generally, the heat dissipation means 21 can
consist of one or more fans 22 (generally a set of fans)
fluidically associated with the secondary heat exchanger
10, each of which can be selectively activated.

[0148] To vary the amount of heat Q2 extracted from
the secondary heat exchanger 10, it is possible to selec-
tively and independently activate the number of fans 22
active at the same instant of time and/or the rotation
speed associated with them.

[0149] The method also includes the step e) of provi-
sion of an electronic control unit operatively connected
at least to the sensor means and to the heat dissipation
means 21.

[0150] The electronic control unit is also suited to pro-
mote the selective activation/deactivation of said heat
dissipation means 21 in such a way as to maintain the
temperature T of the carrier fluid 7 at a predetermined
value.

[0151] There is also a step f) of determination (or set-
ting) of a heating temperature T, inside the heated com-
partment 4. In an alternative form of the method, the step
f) can be such as to determine both the heating temper-
ature T, inside the heated compartment 4 and the cooling
temperature T3 inside the refrigerated compartment 3.
The step f) must be performed by the user so as to de-
termine the correct temperature T, (or T3) for the storage
and display of the heated food products P’ (or refrigerated
food products P).

[0152] For example, in Italy, the temperature T, that
must be maintained inside the heated compartment 4
cannot be lower than 65 °C.

[0153] The method includes a step g) of activation/de-
activation of said heat dissipation means 21 in such a
way as to dissipate the heat Q2 and maintain the tem-
perature T of the fluid 7 (at the outlet 16 of said secondary
heat exchanger 10) at a substantially constant value over
time, equal to a predetermined reference value Trgg.
[0154] Conveniently, the reference temperature Trgf
is a function of the temperature T, of the heated com-
partment 4 and is suitable for determining an optimal val-
ue of the pressure Po of the carrier fluid 7 at the outlet
13 of the compressor 8 where said carrier fluid 7 is within
the transcritical region.

[0155] Conveniently, the method includes a step h) of
calculation of a reference temperature Tggg of the carrier
fluid 7 at the outlet 16 of the secondary heat exchanger
10.

[0156] More specifically, the reference temperature
Trer of the carrier fluid 7 at the outlet 16 of the secondary
heat exchanger 10 (or at the inlet 14 of the expansion
valve 11) can be substantially a precise value (that is,
have a single value that remains constant during the cir-
culation of the fluid in the circuit), or it can be always
constant but fall within a predetermined range of values.
Alternatively, the reference temperature Tggg can have
minimal fluctuations, all falling within a small, predeter-
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mined temperature range.

[0157] In particular, the determination of the value of
the reference temperature Tgrgg depends at least on the
value of the heating temperature T,.

[0158] In an alternative embodiment of the invention,
the determination of the reference temperature value
Tgrer can depend on the value of the heating temperature
T, and on the value of the cooling temperature Tj.
[0159] There is then a step i) of determination of an
optimal pressure Po of the carrier fluid 7 at the inlet 15
of the main heat exchanger 9 (or at the outlet 13 of the
compressor 8).

[0160] In particular, as is better clarified below, the op-
timal pressure Po of the fluid 7 (at the inlet 15 of the main
heat exchanger 9) is selected in such a way as to max-
imize: i) the efficiency of the heat exchange associated
with the carrier fluid 7 when the latter flows through the
main heat exchanger 9, ii) the efficiency of the heat ex-
change associated with the carrier fluid 7 when the latter
flows through the evaporator 17.

[0161] In addition, the method includes a step g) of
activation/deactivation of the heat dissipation means 21
in such a way as to maintain substantially constant the
reference temperature Treg at the outlet 16 of the sec-
ondary heat exchanger 10, determined in step e).
[0162] The step i) of determination of the optimal pres-
sure Po can be performed by the electronic control unit;
it is this component, in fact, that calculates the optimal
pressure Po.

[0163] Conveniently, as better described above, the
optimal pressure Po and the reference temperature Trgg
are closely linked to each other, so that the calculation
of one of them can affect the value of the other. For this
reason, the electronic control unit can be configured ei-
ther to calculate the reference temperature Tgreg (and
then determine the corresponding value of the optimal
pressure Po), or to calculate the optimal pressure Po and
then determine the corresponding value of the reference
temperature Trgg-

[0164] Inessence,the operation of the present method
is based on the following principles:

- compressing the fluid 7 at the outlet 13 of the com-
pressor 8 in such a way that the fluid has an amount
of heat that is always greater than the value Q1 re-
quired to heat the heated compartment 4;

- setting a reference temperature Tggg at the outlet of
the high pressure side of the circuit (that is, at the
outlet/inlet of the secondary heat exchanger/ expan-
sion valve);

- dissipating an amount of heat Q2 in the environment
through the secondary heat exchanger 10, said
amount of heat Q2 being suited to ensure that the
fluid 7 is maintained at the reference temperature
Trer (atthe outlet 16 of the secondary heat exchang-
er 10).

[0165] Thus, there is a close relationship between the
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10

heat Q2 dissipated by the secondary heat exchanger 10
(through the selective activation/deactivation of the heat
dissipation means 21) and the reference temperature
TRef-

[0166] In other words, the amount of heat Q2 dissipat-
ed by the secondary heat exchanger 10 can be varied in
such a way that the temperature T of the fluid 7 at the
outlet of the high pressure side is kept substantially con-
stant over time and equal to the reference temperature
TRer-

[0167] The expression "keeping the temperature of the
fluid substantially equal to the reference temperature”
used in this context means the following:

- ifthe reference temperature Trgg is one precise val-
ue, the fluid 7 is substantially maintained at the value
of this precise temperature;

- if the reference temperature Trgp is selected from
within a range of temperatures, the temperature of
the fluid 7 associated with the outlet 16 of the high
pressure side is always within that range (that is, it
will never be lower than the minimum value of the
range and will never be higher than the maximum
value of the range).

[0168] Conveniently, the reference temperature value
Trer can generally be included between 25 °C and 45 °C.
[0169] Conveniently, the sensor means are configured
to measure the temperature and/or the pressure of the
carrier fluid along said circuit 6.

[0170] In particular, the execution of step g) of activa-
tion/deactivation of the heat dissipation means 21 can
vary according to (that is, depend on) the temperatures
and/or pressures measured by the sensor means.
[0171] Generally, the sensor means are suited to
measure at least the following temperatures and pres-
sures:

- the instant temperature T, inside the heated com-
partment 4;

- the instant temperature T, inside the refrigerated
compartment Tj;

- the instant temperature T45 of the carrier fluid 7
measured at the inlet 15 of the main heat exchanger
9;

- the instant temperature of the carrier fluid 7 at the
outlet of the expansion valve 11;

- theinstant temperature of the fluid 7 at the outlet 16
of the secondary heat exchanger 10 (that is, at the
outlet of the high pressure side).

[0172] In addition, if necessary, the sensor means can
also be configured to measure the pressure of the carrier
fluid 7 along the circuit at the following points:

- atthe inlet 15 of the main heat exchanger 9 (optimal
pressure Po);
- at the outlet 18 of the main heat exchanger 9 (or at
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the inlet 19 of the secondary heat exchanger 10);

- atthe outlet 16 of the secondary heat exchanger 10
(or at the inlet 14 of the expansion valve 11);

- at the outlet of the expansion valve 11.

[0173] The electronic control unit can be connected to
the compressor 8, the expansion valve 11 and the heat
dissipation means 21, respectively.

[0174] In particular, the electronic control unit can se-
lectively activate the compressor 8 in such a way as to
increase the pressure of the fluid 7 to the value of the
optimal pressure Po.

[0175] Furthermore, the electronic control unit can se-
lectively activate the heat dissipation means 21 (gener-
ally constituted by a plurality of fans 22) so as to extract
from the fluid an amount of heat Q2 selected in such a
way as to maintain the temperature of the fluid 7, at the
outlet 16 of the high pressure side, substantially constant
at the reference value Tggg (or variable within the range
defined by the reference value Tggg)-

[0176] Conveniently, the electronic control unit can be
configured to promote the controlled opening and closing
of the expansion valve 11 in order to vary the pressures
and the temperatures of the fluid 7 circulating in the low
pressure side.

[0177] Furthermore, the electronic control unit can be
operatively connected to the sensor means (if present).
[0178] In this way, all the components of the circuit
(compressor 8, heat dissipation means 21 and expansion
valve 11) can be activated by the control unit according
to the pressures/temperatures of the fluid 7 measured
by the sensor means along the circuit.

[0179] In particular, the activation/deactivation of the
heat dissipation means 21 (that is, the dissipation of the
amount of heat Q2 in the environment) can be controlled
by the processing unit according to the instant tempera-
ture values measured in the heated compartment 4 and
possibly measured in the refrigerated compartment 3.
[0180] In this way, the control unit will be suited to se-
lectively activate the heat dissipation means 21 in such
a way as to keep the temperature of the fluid at the outlet
16 of the secondary heat exchanger 10 substantially con-
stant (atthe the reference temperature Tggg), while main-
taining the temperatures T3, T, inside the compartments
at the operating values set by the user.

[0181] Advantageously, the value of the optimal pres-
sure Po of the fluid 7 at the outlet 16 of the secondary
heat exchanger 10 and obtained during the execution of
step g), is variable according to the value selected for
the reference temperature Trgg-

[0182] Furthermore, the optimal pressure Po of the
carrier fluid 7 is selected from within the transcritical re-
gion of the fluid itself.

[0183] In particular, the trend followed by the optimal
pressure Po, whatever the set reference temperature
TRrer, varies along a predetermined geometric curve that
extends entirely within the transcritical region of the fluid.
[0184] The optimal pressure represents the pressure
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value that makes it possible to optimize the efficiency of
the heat exchange of the fluid 7 in i) the high pressure
side and ii) the low pressure side.

[0185] Ithas beenfound experimentally that when car-
bon dioxide is used as carrier fluid, the optimal pressure
can be included between 75 bar and 90 bar (when the
reference temperature Trgg of the fluid is between 30 °C
and 40 °C).

[0186] More specifically, as shown in greater detail in
the diagram in Figure 2, as the reference temperature
Trer Vvaries, the optimal pressure Po of the fluid 7 can
follow a curve with a predetermined shape which, for ex-
ample, can be represented by a straight line with an an-
gular value lower than one.

[0187] All the points of this curve, however, fall within
the transcritical region of the carrier fluid 7.

[0188] Conveniently, the fluid may remain in the tran-
scritical region of the curve, at least when circulating in
the high pressure side of the circuit 6.

[0189] The method described above makes it possible
to promote the execution of a refrigeration cycle with a
value Q2 greater than zero, a substantially constant tem-
perature Tgeg of the fluid 7 at the outlet of the secondary
heat exchanger 10 and a transcritical fluid phase in the
high pressure side.

[0190] This method, therefore, makes it possible to
maximize the thermal efficiency of the circuit 6 as it is
easier to control the parameters of the fluid 7 at the high
pressure side (and, consequently, also at the low pres-
sure side).

[0191] Thepresentinventioncan be carried outin other
variants, all falling within the scope of the inventive fea-
tures claimed and described herein; these technical fea-
tures can be replaced by different technically equivalent
elements and materials; the shapes and dimensions of
the invention can be any, provided that they are compat-
ible with its use.

[0192] The numbers and reference signs included in
the claims and in the description are only intended to
increase the clarity of the text and must notbe considered
as elements limiting the technical interpretation of the
objects or processes identified by them.

Claims

1. A cabinet for displaying and storing food products
(P, P’), comprising:

- a supporting frame (2) defining at least one
heated compartment (4) having a predeter-
mined temperature (T4) and at least one refrig-
erated compartment (3) having a predetermined
temperature (T3), said compartments (3, 4) be-
ing insulated from each other and configured to
contain the food products (P, P’) to be displayed
and/or stored;

- a closed circuit (6) in which a carrier fluid (7)
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circulates, said circuit (6) comprising:

- at least one compressor (8);

- at least one main heat exchanger (9) po-
sitioned downstream of said compressor (8)
and fluidically associated with said heated
compartment (4);

- at least one secondary heat exchanger
(10) positioned downstream of said main
heat exchanger (9);

- at least one expansion valve (11) for the
carrier fluid (7) positioned, respectively,
downstream of said secondary heat ex-
changer (10) and upstream of said refriger-
ated compartment (3);

- sensor means suited to measure the temper-
ature (T) of said carrier fluid (7) at the outlet (16)
of said at least one secondary heat exchanger
(10);

- heat dissipation means (21) associated with
said secondary heat exchanger (10);

- an electronic control unit operatively connected
at least to said sensor means and to said heat
dissipation means (21);

wherein said electronic control unit is suited to
promote the selective activation/deactivation of
said heat dissipation means (21) so as to main-
tain the temperature of the carrier fluid at a pre-
determined value;

characterized in that:

- the carrier fluid (7) is selected from among
the mixtures containing carbon dioxide
(COy);

- the electronic control unit is suited to pro-
mote the selective activation/deactivation of
said heat dissipation means (21) in such a
way as to maintain the temperature (T) of
said carrier fluid (7) at the outlet (16) of said
atleast one secondary heat exchanger (10)
at a reference value (Trgg) substantially
constant over time;

- said reference temperature (Trgg) is var-
iable as a function of the temperature of the
heated compartment (T;) and suited to de-
termine an optimal pressure value (Po) for
the fluid at the outlet (13) of the compressor
(8) where said carrier fluid (7) is within the
transcritical region.

Cabinet according to claim 1, characterized in that
said reference temperature (Trgg) is between 25 °C
and 45°C.

Cabinet according to claim 1 or 2, characterized in
that said heat dissipation means (21) comprise one
or more fans (22) associated with said secondary
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10.

20

heat exchanger (10) and suited to extract from the
latter an amount of heat (Q2) suited to maintain the
temperature (T) of the carrier fluid (7) at the outlet
(16) of said secondary heat exchanger (10) at the
predetermined reference value (Trgp)-

Cabinet according to claim 3, characterized in that
said heat dissipation means (21) comprise a plurality
of fans (22), said electronic control unit being suited
to selectively activate/deactivate each of said fans
(22) independently of the others.

Cabinet according to one or more of the preceding
claims, characterized in that said electronic control
unit is suited to activate/deactivate said compressor
(8) and said expansion valve (11) so as to maintain
the pressure of the carrier fluid (7) at the outlet (13)
of said compressor (8) at an optimal value (Po) within
the transcritical region of said fluid (7).

Cabinet according to one or more of the preceding
claims, characterized in that the reference temper-
ature (Tggg) is included within a predetermined
range of values suited to maintain the carrier fluid
(7) within the transcritical region from the outlet (13)
of the compressor (8) to the inlet (14) of said at least
one expansion valve (11).

Cabinet according to one or more of the preceding
claims, characterized in that the carrier fluid (7) cir-
culating in said first heat exchanger (9) and said sec-
ond heat exchanger (10) is within the transcritical
region.

Cabinet according to one or more of the preceding
claims, characterized in that the value of said op-
timal pressure (Po) is variable within the interval be-
tween 75 bar and 90 bar.

Cabinet according to one or more of the preceding
claims, characterized in that the pressure of the
carrier fluid (7) circulating in the section of the circuit
included between the outlet (13) of said compressor
(8) and the inlet (14) of said expansion valve (11)
follows a predetermined trend entirely contained
within the transcritical region of the fluid (7).

A method for controlling the temperature in the en-
vironments (3, 4) suited to display and store food
products (P, P’) of the type according to one or more
of the preceding claims, said method comprising the
following steps:

a) providing at least one refrigerated compart-
ment (3) and at least one heated compartment
(4) insulated from each other, said at least one
refrigerated compartment (3) and said at least
one heated compartment (4) being suited to con-
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tain food products (P, P’);

b) providing a closed circuit (6) suited to promote
the circulation of a carrier fluid (7) selected from
within the group comprising carbon dioxide, said
circuit (6) comprising:

- at least one compressor (8);

- at least one main heat exchanger (9) po-
sitioned downstream of said compressor (8)
and fluidically associated with said heated
compartment (4);

- at least one secondary heat exchanger
(10) positioned downstream of said main
heat exchanger (9);

- at least one expansion valve (11) of the
carrier fluid (7) positioned, respectively,
downstream of said secondary heat ex-
changer (10) and upstream of said refriger-
ated compartment (3);

c) providing sensor means suited to measure
the temperature (T) of said carrier fluid (7) at the
outlet (16) of said at least one secondary heat
exchanger (10);

d) providing heat dissipation means (21) asso-
ciated with said secondary heat exchanger (10),
said heat dissipation means (21) being suited to
be selectively activated to change the amount
of heat (Q2) dissipated by said secondary heat
exchanger (10);

e) providing an electronic control unit operatively
connected at least to said sensor means and to
said heat dissipation means (21), said electronic
control unit is suited to promote the selective
activation/deactivation of said heat dissipation
means (21) in such a way as to maintain the
temperature of the carrier fluid at a predeter-
mined value;

f) setting a heating temperature (T,4) associated
with the heated compartment (4);

g) activating/deactivating said heat dissipation
means (21) in order to promote the dissipation
of heat (Q2) and to maintain the temperature (T)
of said fluid (7) at the outlet (16) of said second-
ary heat exchanger (10) at a value substantially
constantovertime and equal to a predetermined
reference value (Trgg);

wherein said reference temperature (Tggg) is
determined as a function of the temperature (T,)
of the heated compartment (4) and it is suited
to determine an optimal value of the pressure
(Po) of the carrier fluid (7) at the outlet (13) of
the compressor (8) at which optimal pressure
value (Po) said fluid (7) is within the transcritical
region.

11. Method according to claim 10, characterized in that

it comprises a step h) in which said electronic control
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12.

13.

22

unit is suited to calculate the value of said reference
temperature (Trgg), and a step i) in which said elec-
tronic control unit is suited to calculate the value of
said optimal pressure (Po) of the carrier fluid (7) at
the outlet (13) of said compressor (8).

Method according to claim 10 or 11, characterized
in that the pressure of the carrier fluid (7) circulating
in the section of the circuit (6) between the outlet (13)
of said compressor (8) and the inlet (14) of said ex-
pansion valve (11) follows a predetermined trend en-
tirely contained within the transcritical region of the
fluid (7).

Method according to one or more of claims from 10
to 12, characterized in that the execution of step
g) of activation/deactivation of the heat dissipation
means (21) depends on the temperatures and/or
pressures measured by said sensor means.
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