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(54) Installation and process for producing cold and adjusting air temperature, and thermal 
exchange device usable in such an installation

(57) The invention refers to a thermal installation (1)
comprising a closed circuit (2), wherein a working fluid
carries out a thermodynamic cycle, comprising a plurality
of thermal user points (5), at which said working fluid is
at a temperature suitable for the heat exchange with at
least one unit (9) for adjusting air temperature of an en-
vironment (A) and at least one of a deep-frozen or frozen

food conservation unit (7) and a fresh food conservation
unit (8).

The invention also refers to a heat exchange device
(4) that can be used in the aforementioned thermal in-
stallation (1) and to a thermodynamic process for pro-
ducing cold and adjusting air temperature of environment
(A) that can be actuated through such an installation.
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Description

[0001] The present invention refers to a thermal instal-
lation for producing cold and adjusting air temperature
of an environment, which has preferred, although not ex-
clusive, use in environments where it is necessary to con-
serve deep frozen or frozen and/or fresh food.
[0002] The invention also refers to a thermal exchange
device usable in the aforementioned thermal installation,
and to a process for producing cold and for adjusting air
temperature of an environment that can be carried out
through such an installation.
[0003] In many applications, for example commercial
concerns such as mini or supermarkets, food sellers and
the like, and dining points such as canteens, restaurants,
snack bars and the like, there is a first requirement to
provide for units for conserving food at a controlled tem-
perature, typically lower than that of the environments
where such units are set. The food can be fresh food, for
example meat, fruit, vegetables, dairy products, soft
drinks, desserts or gastronomic products etc., and deep-
frozen or frozen food. The conservation at a controlled
temperature can, for example, be intended for the display
and sale of food or for storage thereof.
[0004] For the conservation of food, refrigerated
counters or cabinets having various shapes and sizes,
or else cold-storage rooms of various sizes are common-
ly used.
[0005] The operation of such units is usually ensured
by suitable installations for producing cold, associated
with each unit or else centralised and provided for serving
a plurality of units.
[0006] In the above-mentioned applications there is at
the same time a second requirement, which is that of
adjusting air temperature of the environment so as to
make it comfortable for employees and customers or pa-
trons to be in, both during the cold seasons and during
the hot seasons. In order to meet such a requirement,
suitable air-conditioning installations and/or heat pump
installations are commonly used, that comprise one or
more units suitable for adjusting air temperature through
thermal exchange with a working fluid of such installa-
tions. Such units can, for example, be "fan-coil" units or
the like.
[0007] In certain cases, the possibility of setting up in-
stallations for producing cold and installations for adjust-
ing air temperature can be restricted due to the low space
available and/or due to building constraints. This can oc-
cur, for example, in the case of old buildings of historical
town centres.
[0008] The object of the present invention is to provide
a thermal installation that allows the aforementioned re-
quirements to be simultaneously met in an effective way
and with the least possible number of components, so
as to reduce the overall size and the extent of the inter-
ventions necessary to set up the installation.
[0009] According to a first aspect thereof, the invention
refers to a thermal installation comprising a closed circuit

wherein a working fluid carries out a thermodynamic cy-
cle, said closed circuit comprising a plurality of thermal
user points, at which said working fluid is at a temperature
suitable for thermal exchange with at least one unit for
adjusting air temperature of an environment and at least
one of a deep-frozen or frozen food conservation unit
and a fresh food conservation unit.
[0010] Within the present description and the subse-
quent claims, the term "environment" is used to generally
indicate a limited portion of space and the term "outside"
is used to generally indicate any space outside said en-
vironment, although possibly located indoors. More spe-
cifically, environment is used to indicate the commercial
concern or the dining point where the installation is set
up, irrespective of whether it comprises just one or many
rooms.
[0011] The thermal installation of the invention advan-
tageously allows the requirements of producing cold and
of adjusting air temperature to be satisfied by sharing the
closed circuit and many components, with a substantially
reduced number of components with respect to those
required by separate installations for producing cold and
for adjusting air temperature. Thus both the overall size
of the installation, and the interventions required for set-
ting up the installation are reduced. This is particularly
advantageous in the case of small environments and/or
environments located in old buildings, where the possi-
bility of carrying out structural interventions for setting up
installations can be limited. Moreover, as shall also be-
come clearer from the following description, the use of a
single installation for producing cold and for adjusting air
temperature advantageously allows achieving a greater
operating flexibility of the units intended to carry out such
functions.
[0012] Typically, the at least one deep-frozen or frozen
food conservation unit is a counter, cabinet or cold-stor-
age room at a temperature between about -14°C and
about -25°C. In particular, such a temperature is prefer-
ably between about -14°C and about -16°C in the case
of conservation of frozen food, is preferably equal to or
less than about - 18°C in the case of conservation of
deep-frozen food and is preferably close to about -25°C
in the case of conservation of industrial ice cream.
[0013] Typically, the at least one fresh food conserva-
tion unit is a counter, cabinet or cold-storage room at a
temperature between about +10°C and about -1°C. In
particular, such a temperature is preferably between
about +8°C and about +6°C in the case of conservation
of fruit and vegetables, is preferably between about +5°C
and about +3°C in the case of conservation of dairy prod-
ucts and cold pork and salami and is preferably between
about +2°C and about 0°C in the case of conservation
of meat and poultry.
[0014] Preferably, the aforementioned environment is
a commercial concern at least partially intended for the
sale of food or a dining point.
[0015] In a preferred embodiment, the at least one of
the deep-frozen or frozen food conservation unit and the
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fresh food conservation unit directly operate with the
working fluid flowing in the closed circuit, and is hydrau-
lically connected with the closed circuit of the thermal
installation at the respective thermal user point. In this
case the production of cold at such units takes place by
direct expansion of the working fluid, with advantages for
the simplification of the installation and the efficiency of
the aforementioned units.
[0016] In alternative embodiments it is however pos-
sible for the at least one deep-frozen or frozen food con-
servation unit and/or the at least one fresh food conser-
vation unit to operate with a thermal carrier fluid, prefer-
ably an unfreezable thermal carrier fluid, distinct from the
working fluid and in thermal exchange relationship with
it. In this case, such units are connected with one or more
secondary circuits hydraulically separate from the closed
circuit of the thermal installation and in thermal exchange
relationship with it at one or more thermal exchange el-
ements in said thermal user points.
[0017] Also for the unit for adjusting air temperature
embodiments may be foreseen in which such a unit op-
erates directly with the working fluid. However, it is pre-
ferred that this unit operates with its own thermal carrier
fluid, for example water, distinct from the working fluid
and in thermal exchange relationship with it. The at least
one unit for adjusting air temperature is therefore prefer-
ably connected with a secondary circuit hydraulically sep-
arate from the closed circuit of the thermal installation
and in thermal exchange relationship with it at one or
more thermal exchange elements in a thermal user point.
[0018] In this preferred embodiment, the thermal car-
rier fluid flowing in the unit for adjusting air temperature
can advantageously be kept at a positive temperature
even when the unit is active to cool the environment. This
substantially avoids the formation, at the thermal ex-
change bank of such a unit, of frost that, being thermally
insulating, would hinder the thermal exchange with the
air of the environment. Moreover, a more comfortable
climate is achieved, since the temperature difference of
the air emitted by the unit with respect to the temperature
of the environment can be better controlled, therefore
reducing the risk of people suffering from thermal shocks.
[0019] Preferably, the thermal installation of the inven-
tion comprises means for switching between an operat-
ing mode wherein the at least one unit for adjusting air
temperature cools the environment and an operating
mode wherein the at least one unit for adjusting air tem-
perature heats the environment. The thermal installation
of the invention can therefore be used for adjusting air
temperature both during hot seasons and during cold
seasons, substantially without jeopardising the operation
of the at least one deep-frozen or frozen food conserva-
tion unit and/or of the at least one fresh food conservation
unit.
[0020] Preferably, the means for switching comprise a
reversing cycle valve and means for intercepting portions
of the closed circuit.
[0021] In a preferred embodiment, the thermal instal-

lation of the invention comprises a thermal exchange de-
vice at which the working fluid is in thermal exchange
relationship with the outside of the environment, and said
thermal exchange device comprises a condensing por-
tion, at which the working fluid releases heat, and an
evaporating portion, at which the working fluid can at least
partially, and preferably substantially, absorb the heat
released at the condensing portion.
[0022] The thermal exchange between condensing
portion and evaporating portion allows the operation of
the thermal installation to be improved, in particular dur-
ing the cold seasons, when the at least one unit for ad-
justing air temperature is typically active to heat the en-
vironment.
[0023] Indeed, the condensing portion per se has a
substantially analogous function to that of a condenser
in a conventional refrigerating installation and allows the
heat absorbed by the working fluid at the at least one
deep-frozen or frozen food conservation unit, and/or at
the at least one fresh food conservation unit and at the
at least one unit for adjusting air temperature, when it is
active to cool the environment, to be released to the out-
side of said environment. The evaporating portion per se
has a substantially analogous function to that of an evap-
orator in a conventional heat pump installation and allows
the working fluid to absorb heat from the outside of the
environment and to release it at the at least one unit for
adjusting air temperature, when it is active to heat such
an environment.
[0024] In the aforementioned heat exchange device,
the heat released by the condensing portion, which would
otherwise be lost, is at least partially and preferably sub-
stantially used to heat the evaporating portion. Thanks
to such heating, the evaporating portion can exchange
heat also at lower outside temperatures with respect to
those at which a conventional heat pump installation
could operate. Such temperatures have indeed a lower
limit determined by the formation, at the evaporator, of
frost, which, being thermally insulating, hinders the heat
exchange.
[0025] In this way, with the thermal installation of the
invention it is possible to obtain a wider working range
of the at least one unit for adjusting air temperature, when
it is active for heating, without influencing the operation
of the at least one deep-frozen or frozen food conserva-
tion unit and/or of the at least one fresh food conservation
unit.
[0026] Preferably, the condensing portion comprises
at least one first fluid path and the evaporating portion
comprises at least one second fluid path and these fluid
paths comprise a plurality of ducts embedded in a same
assembly of fins. The heat exchange between condens-
ing portion and evaporating portion can therefore advan-
tageously take place both by convection of a fluid, pref-
erably air, externally flowing in contact with the ducts,
and by conduction through the fins.
[0027] The fluid paths of the condensing and evapo-
rating portions of the heat exchange device are prefera-

3 4 



EP 1 734 318 A1

4

5

10

15

20

25

30

35

40

45

50

55

bly coil-shaped.
[0028] The aforementioned thermal exchange device
preferably further comprises means for forcedly circulat-
ing said fluid externally of the fluid paths of the condens-
ing and evaporating portions of the thermal exchange
device. This allows the efficiency of the convective ther-
mal exchange to be increased and a preferential flow
direction of the fluid through the device to be ensured,
so that it firstly flows in contact with the condensing por-
tion, heating up, and then in contact with the evaporating
portion. The aforementioned means for the forced circu-
lation are of conventional type and can comprise, for ex-
ample, one or more fans, typically electrically actuated.
[0029] Preferably, the evaporating portion of the ther-
mal exchange device comprises a plurality of second fluid
paths connected in parallel and selectively interceptable
through a corresponding plurality of interception means.
[0030] Through the opening or closing of one or more
of said interception means it is possible to include or ex-
clude one or more fluid paths of the evaporating portion
into/from the closed circuit of the thermal installation, thus
changing the overall thermal exchange surface of the
evaporating portion and therefore, the other conditions
being the same, the amount of heat exchanged by the
working fluid at the evaporating portion.
[0031] The condensing portion also preferably com-
prises a plurality of first fluid paths connected in parallel.
However, in the case of the condensing portion it is pre-
ferred not to use interception means to intercept such
fluid paths. The thermal exchange at the condensing por-
tion is preferably controlled by changing the flow rate of
the fluid externally flowing in contact with such a portion,
for example through the means for the forced circulation
described above.
[0032] In a preferred embodiment, the thermal instal-
lation of the invention comprises a plurality of compres-
sors defining a compression section of the working fluid,
wherein a first group of compressors of said plurality of
compressors has a refrigerating capacity suitable for en-
suring the operation of said at least one deep-frozen or
frozen food conservation unit and a second group of com-
pressors of said plurality of compressors has a refriger-
ating capacity suitable for ensuring the operation of said
at least one fresh food conservation unit and of said at
least one unit for adjusting air temperature.
[0033] The operation of the at least one deep-frozen
or frozen food conservation unit is thus ensured by a
group of compressors exclusively dedicated to such a
unit. It can thus be controlled, and, possibly, excluded
from the closed circuit of the thermal installation, without
substantially influencing the performance of the at least
one fresh food conservation unit and of the at least one
unit for adjusting air temperature. The operation of these
units, on the other hand, is ensured by the same group
of compressors. This allows, in the case of failure of one
of the compressors in the group, the operation of the at
least one fresh food conservation unit to be ensured, at
least to a limited extent, partially limiting or totally exclud-

ing the air temperature adjustment function.
[0034] In any case, the number of compressors
present in the compression section and their allotment
to the aforementioned two groups are preferably selected
based on the number and type of units an on the type of
environment for which the thermal installation is intend-
ed.
[0035] The thermal installation of the invention com-
prises expansion means for expanding the working fluid
preferably selected from thermostatic valves and capil-
laries.
[0036] In alternative embodiments, in particular for
high power installations, as an alternative or in addition
to the use of the aforementioned expansion means, it is
possible to carry out the expansion of the working fluid
through flooding evaporators with "float" valves.
[0037] Preferably, the thermal installation comprises
means for the separation and recovery of a lubricating
fluid, typically oil coming from the compressors, dis-
persed in said working fluid.
[0038] Preferably, the working fluid is a refrigerating
fluid selected from the group comprising hydro-fluoro-
carbons (HFC), hydro-chloro-fluoro-carbons (HCFC),
carbon dioxide, propane and ammonia.
[0039] More preferably, said refrigerating fluid is one
of the hydro-fluoro-carbons (HFC) known under the
ASHRAE denomination R-507A or R-404A.
[0040] In a preferred embodiment, the thermal instal-
lation of the invention comprises a microprocessor con-
trol unit adapted to control the operation of the thermal
installation according to the required thermal conditions
at the at least one unit for adjusting air temperature and
the at least one of the deep-frozen or frozen food con-
servation unit and the fresh food conservation unit.
[0041] In a preferred embodiment, each of the compo-
nent elements of the thermal installation of the invention
has a plan overall size not greater than 80 cm by 120
cm. Such size is that of standard pallets typically used
for the transportation of foodstuffs. Therefore it is advan-
tageously ensured that the installation in disassembled
condition can be easily introduced in any environment
adapted to the entry of such pallets without the need for
special provisions.
[0042] According to a second aspect thereof, the
present invention refers to a heat exchange device com-
prising a condensing portion, at which a working fluid
releases heat, and an evaporating portion, at which said
working fluid can at least partially, and preferably sub-
stantially, absorb the heat released at the condensing
portion, wherein said condensing portion comprises at
least one first fluid path and said evaporating portion com-
prises at least one second fluid path, said at least one
first and at least one second fluid paths being embedded
in the same assembly of fins.
[0043] Such a heat exchange device allows specific
advantages to be achieved when used in the thermal
installation of the present invention, as described above,
but it can also have advantageous uses in other types of
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installation, and generally in all cases where one wishes
to lower the minimum temperature at which it is possible
to operate a heat pump.
[0044] According to a third aspect thereof, the present
invention refers to a thermodynamic process comprising
the step of carrying out a thermodynamic cycle wherein
a working fluid reaches, at a plurality of thermal user
points, a plurality of temperatures suitable for the oper-
ation of at least one unit for adjusting air temperature of
an environment and at least one of a deep-frozen or fro-
zen food conservation unit and a fresh food conservation
unit.
[0045] Preferably, in the process of the invention, in a
first operating mode, the operation of the at least one unit
for adjusting air temperature is selectively deactivatable.
[0046] Preferably, in the process of the invention, in a
second operating mode, the operation of the at least one
unit for adjusting air temperature is for cooling the air
temperature.
[0047] Preferably, in the process of the invention, in a
third operating mode, the operation of the at least one
unit for adjusting air temperature is for heating the air
temperature.
[0048] Preferably, in said third operating mode, said
step of carrying out a thermodynamic cycle comprises
the steps of:

a) compressing the working fluid;
b) placing the working fluid in thermal exchange re-
lationship with the at least one unit for adjusting air
temperature, determining at least partially the con-
densation thereof;
c) substantially completing the condensation of the
working fluid;
d) expanding and evaporating at least part of the
working fluid,

wherein in said step d) the working fluid at least partially
and preferably substantially absorbs the heat released
during said step c).
[0049] Preferably, in said third operating mode, the
step of carrying out a thermodynamic cycle comprises
the step of causing a forced flow of a fluid, preferably air,
to promote the absorption in said step d) of the heat re-
leased in said step c).
[0050] Preferably, said step of carrying out a thermo-
dynamic cycle comprises a step of compressing a first
flow rate of said working fluid, suitable for ensuring the
operation of the at least one deep-frozen or frozen food
conservation unit, and a step of compressing a second
flow rate of said working fluid, suitable for ensuring the
operation of the at least one fresh food conservation unit
and of the at least one unit for adjusting air temperature.
[0051] Preferably, the operation of the at least one unit
for adjusting air temperature is subordinated to the cor-
rect operation of the at least one fresh food conservation
unit.
[0052] Further characteristics and advantages of the

present invention shall become clearer from the following
detailed description of a preferred embodiment thereof,
made with reference to the attached drawings, wherein:

- figure 1 is a block diagram of a thermal installation
according to a preferred embodiment of the inven-
tion, in a first operating mode;

- figure 2 is a block diagram of the thermal installation
of figure 1, in a second operating mode;

- figure 3 is a block diagram of the thermal installation
of figure 1, in a third operating mode;

- figure 4 is a schematic view of a thermal exchange
device according to the invention, that can be used
in the thermal installation of figure 1.

[0053] In figures 1-3 a thermal installation for produc-
ing cold and adjusting air temperature in accordance with
the invention is globally indicated with reference numeral
1. The thermal installation 1 essentially comprises a
closed circuit 2 for circulating a working fluid, comprising:
a compression section 3 of the working fluid, a thermal
exchange device 4, at which the working fluid is in thermal
exchange relationship with the outside E of an environ-
ment A, means 6 and 172 for expanding the working fluid
and a plurality of thermal user points 5.
[0054] The working fluid is a refrigerating fluid, for ex-
ample one of the hydro-fluoro-carbons (HFC) known un-
der the ASHRAE denomination R-507A or R-404A.
[0055] The thermal installation 1 is preferably em-
ployed in an environment A where it is necessary to con-
serve fresh and/or deep frozen/frozen food, for example
for sale purposes, in retail or wholesale, or for dining pur-
poses. Such applications comprise commercial concerns
such as mini or supermarkets, food sellers and the like,
and dining points such as canteens, restaurants, snack
bars and the like.
[0056] According to the invention, at the thermal user
points 5 the working fluid is at a temperature suitable for
being placed in thermal exchange relationship with a
deep-frozen or frozen food conservation unit 7, with a
fresh food conservation unit 8, and with a unit 9 for ad-
justing air temperature of environment A or of one or more
rooms thereof.
[0057] The units 7 and 8 can, for example, be refrig-
erated counter or cabinets or cold-storage rooms. The
unit 9 can be, for example, a "fan coil" type unit.
[0058] The deep-frozen or frozen food conservation
unit 7 and the fresh food conservation unit 8 are prefer-
ably hydraulically connected with the closed circuit 2 and
operate through direct expansion of the working fluid.
Such units 7, 8 are preferably arranged on separate lines
of the closed circuit 2, so that a failure or a maintenance
intervention on one line does not at the same time jeop-
ardise the operation of both units 7, 8.
[0059] The unit 9 for adjusting air temperature is in-
stead preferably connected with a secondary circuit 91
hydraulically separate from the closed circuit 2, wherein
a thermal carrier fluid, for example water, distinct from
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the working fluid of the closed circuit 2, is circulated. The
working fluid and the thermal carrier fluid are placed in
thermal exchange relationship at a heat exchanger 10,
preferably a countercurrent heat exchanger, shared by
the closed circuit 2 and the secondary circuit 91.
[0060] In the embodiment illustrated here there are
three thermal user points 5, but it is clear that their number
can vary according to the specific requirements and, in
particular, can be greater if there are more deep-frozen
or frozen food conservation units 7 or more fresh food
conservation units 8. As far as the adjustment of the air
temperature is concerned, more units 9 can be provided,
preferably connected with the same or with more sec-
ondary circuits 91, or else directly in respective thermal
user points 5 of the closed circuit 2.
[0061] This could involve a different sizing of the ther-
mal installation 1 in terms of number and/or size of other
component elements of the installation, without for this
reason departing from the scope of the invention.
[0062] Since the temperature at the deep-frozen or fro-
zen food conservation unit 7 is typically between about
-14°C and about -25°C - in particular, between about
-14°C and about -16°C for frozen food, lower than or
equal to about -18°C for deep-frozen food and close to
about -25°C for industrial ice-cream -, the working fluid
at the respective thermal user point 5 shall begin expand-
ing at a temperature of between about -32°C and about
-38°C.
[0063] Since the temperature at the fresh food conser-
vation unit 8 is typically between about +10°C and about
-1°C - in particular, between about +8°C and about +6°C
for fruit and vegetables, between about +5°C and about
+3°C for dairy products and cold pork and salami and
between about +2°C and about 0°C for meat and poultry
-, the working fluid at the respective thermal user point 5
shall begin expanding at a temperature of between about
-6°C and about -15°C.
[0064] Since the air temperature of the environment A
shall be allowed to be adjusted typically between about
16°C (when the environment A is heated during the winter
period) and about 25°C (when the environment A is
cooled during the summer period) the working fluid at the
heat exchanger 10 shall have a temperature of between
about +4°C and about +2°C.
[0065] In the preferred embodiment illustrated here,
the compression section 3 comprises five compressors
11 allotted to two groups of compressors 11a and 11b,
respectively comprising two and three compressors.
Such compressors can, for example, be of the hermetic,
semi-hermetic or open type, and, in relation to the way
in which the compression is carried out, can be of the
piston, screw or scroll type, and they are in any case
known to those skilled in the art.
[0066] The refrigerating capacities of the compressors
11 can be the same for all of the compressors or different
for some or all of them.
[0067] The intake of the compressors 11 of the group
of compressors 11a is connected with the line of the ther-

mal user point 5 associated with the operation of the
deep-frozen or frozen food conservation unit 7, while the
intake of the compressors 11 of the group of compressors
11b is connected with the line of the thermal user point
5 associated with the operation of the fresh food conser-
vation unit 8 and with the line of the thermal user point 5
associated with the operation of the unit 9 for adjusting
air temperature.
[0068] At the compression section 3 a plurality of con-
ventional check valves 12 and means for the separation
and recovery of oil from the compressors 11 dispersed
in the working fluid are also provided. Such means, also
conventional and known to those skilled in the art, com-
prise an oil separator 13, a filter 14 and a line 15 (in figures
1-3 represented as a dotted line) that takes the separated
and filtered oil back to the compressors 11. In some em-
bodiments there could also be an oil accumulation res-
ervoir (not shown) placed between the oil separator 13
and the filter 14.
[0069] The thermal exchange device 4 preferably con-
sists of an assembly arranged at the outside E of the
environment A where the deep-frozen or frozen food con-
servation unit 7, the fresh food conservation unit 8 and
the unit 9 for adjusting air temperature are active, pref-
erably outside the building comprising environment A.
The thermal exchange device 4 allows the thermal ex-
change of the working fluid with air or other fluid available
outside E, such as water (e.g., according to availability
and/or requirements, thermal water, river water, ground
water, waste water) or another suitable fluid.
[0070] According to the invention, the thermal ex-
change device 4 comprises a condensing portion 16 and
an evaporating portion 17. The evaporating portion 17 is
connected with the closed circuit 2 so that, when active
(see figure 3 described hereafter), the working fluid
reaches it after flowing through the condensing portion
16. As schematically illustrated in figure 4, the condens-
ing portion 16 and the evaporating portion 17 comprise
ducts defining respective fluid paths 160 and 170. The
fluid paths 160 and 170 are preferably coil-shaped and
are embedded in the same assembly of fins 18. The fins
18 are substantially planar and arranged substantially
perpendicular to the ducts of the fluid paths 160 and 170.
The ducts of the fluid paths 160 and 170 are preferably
made of copper; alternatively, the ducts of the fluid paths
160 and 170 could be made of steel. The fins 18 are
preferably made of aluminium, possibly surface treated
through painting or oxidation or other known processes;
alternatively, the fins 18 could be made of copper or iron,
possibly surface treated.
[0071] Both the condensing portion 16 and the evap-
orating portion 17 preferably comprise a plurality of re-
spective fluid paths 160 and 170. In figure 4 just two fluid
paths are represented for each portion 16, 17, for the
sake of simplicity. In figures 1-3 the condensing portion
16 is diagrammatically represented without specifying in
detail the number of fluid paths 160, while the evaporating
portion 17 is represented as a group of four fluid paths
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170. Each of the fluid paths 170 of the evaporating portion
17 can be selectively intercepted through conventional
interception means 171, for example solenoid valves. In
embodiments not shown some of the interception means
171 could be left out. Each fluid path 170 of the evapo-
rating portion also has associated with it a respective
conventional means 172 for expanding the working fluid,
preferably selected from a thermostatic valve and a cap-
illary, more preferably a thermostatic valve, which allows
the working fluid flow rate in the respective fluid path 170
to be adjusted.
[0072] The heat exchange device 4 also preferably
comprises conventional means 162 for forcedly circulat-
ing air or another fluid available outside, such as one or
more fans, for example of the helical or centrifugal type,
typically electrically actuated. Such means 162 are pro-
vided so as to increase the air flow through the thermal
exchange device 4 in a preferred direction, indicated by
arrows 22. This preferred direction is such that the air
crosses the thermal exchange device 4 flowing firstly in
contact with the fluid paths 160 of the condensing portion
16 and the respective portions of the fins 18 and then in
contact with the fluid paths 170 of the evaporating portion
17 and the respective portions of the fins 18.
[0073] Further interception means 19, 20 and 21, again
of the conventional type, for example solenoid valves,
are suitably provided in the closed circuit 2, so that the
insertion or exclusion of portions thereof is possible both
during normal operation, for example to change operat-
ing mode, as better described hereafter, and in conditions
of failure or of partial stop of the thermal installation 1.
[0074] Means for expanding the working fluid, of the
conventional type and preferably selected from thermo-
static valves and capillaries, more preferably thermostat-
ic valves, are also arranged in the closed circuit 2 at the
thermal user points 5. Figures 1-3 show expansion
means 6 at the thermal user point 5 associated with the
operation of the unit 9 for adjusting air temperature. In
the case of the deep-frozen or frozen food conservation
unit 7 and of the fresh food conservation unit 8, the ex-
pansion of the working fluid typically takes place at the
units 7, 8 themselves and therefore the expansion means
6 are not shown. In alternative embodiments it is never-
theless possible to provide expansion means 6 separate
from such units.
[0075] A reversing cycle valve 23 is arranged in the
closed circuit 2 to allow switching between different op-
erating modes, as better described hereafter.
[0076] In the closed circuit 2 there are preferably also
an accumulation reservoir 24 of the working fluid and a
portion defining a double riser 25, which comprises a
siphon 251, also known to those skilled in the art under
the term "oil trap". Since part of oil from the compressors
11 remains dispersed in the working fluid in the absence
of the oil separator 13, but also when it is present, the
double riser 25 allows the oil dispersed to be dragged
together with the working fluid, and therefore to be re-
turned - through the units 7 and/or 8 - to the compressors

11, substantially in every allowed working fluid flow rate
condition in the closed circuit 2, and in particular at min-
imum flow rates.
[0077] Each of the component elements of the thermal
installation 1 described above is preferably designed so
as to have a plan overall size not greater than 80 cm by
120 cm, so that the installation 1 can be distributed on
one or more standard pallets. The thermal exchange de-
vice 4 could also have a larger plan size, if one foresees
to install it outside the building. The connection pipelines
are preferably made of flexible material and equipped
with screwed joints, so as to avoid as far as possible the
need for welding in loco, thus easing the assembly op-
erations.
[0078] Again with reference to figures 1-3, the opera-
tion of the thermal installation 1 shall now be described,
according to a preferred embodiment of the thermody-
namic process of the invention. In the aforementioned
figures the circuit portions active in an operating mode
are indicated with a solid line, while the portions not active
are indicated with a dashed line. The arrows indicate the
path of the working fluid in the closed circuit 2 in each
operating mode.
[0079] In a first operating mode, illustrated in figure 1
and typically intended for the intermediate seasons, the
thermal installation 1 is active only for producing cold at
the deep-frozen or frozen food conservation unit 7 and
at the fresh food conservation unit 8. The reversing cycle
valve 23 is in a first operating configuration, which allows
the delivery of the compressors 11 to be connected di-
rectly with the condensing portion 16 of the thermal ex-
change device 4 through the double riser 25. The inter-
ception means 19 and 171 intercept the respective circuit
portions, preventing the working fluid from entering the
heat exchanger 10 and the evaporating portion 17 of the
thermal exchange device 4.
[0080] In this operating mode the working fluid is com-
pressed in the compression section 3 and sent - through
the reversing cycle valve 23 and the double riser 25 - to
the condensing portion 16, where it condenses releasing
heat. Thereafter, the working fluid reaches the accumu-
lation reservoir 24 to be sent to the thermal user points
5 where the deep-frozen or frozen food conservation unit
7 and the fresh food conservation unit 8 are connected.
At each of the units 7, 8 the working fluid undergoes a
substantially adiabatic expansion and evaporates, ab-
sorbing heat from the surroundings and therefore keep-
ing the aforementioned units 7, 8 at the required low tem-
peratures. Such temperatures are typically between
about -14°C and about -25°C in the case of the deep-
frozen or frozen food conservation unit 7, and between
about +10°C and about -1°C in the case of the fresh food
conservation unit 8. The flow rate of working fluid circu-
lated in the deep-frozen or frozen food conservation unit
7 is then sent to the intake of the compressors 11 of the
group of compressors 11a, while the flow rate of working
fluid circulated in the fresh food conservation unit 8 is
sent to the intake of the compressors 11 of the group of
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compressors 11b, thus completing the refrigerating cy-
cle.
[0081] In a second operating mode, illustrated in figure
2 and typically intended for the hot seasons, the thermal
installation 1 is active both for producing cold at the deep-
frozen or frozen food conservation unit 7 and at the fresh
food conservation unit 8, and for cooling the air of one or
more rooms of the environment A through the unit 9 for
adjusting air temperature. The reversing cycle valve 23
is still in its first operating configuration. The interception
means 20 and 171 again intercept the respective circuit
portions, preventing the working fluid respectively from
by-passing the heat exchanger 10 and from entering the
evaporating portion 17 of the thermal exchange device
4. The interception means 19 and 21 are instead open
and allow the passage of the working fluid at the thermal
user point 5 associated with the operation of the unit 9
for adjusting air temperature, that is through the heat ex-
changer 10.
[0082] In this operating mode the working fluid is com-
pressed in the compression section 3 and sent, through
the reversing cycle valve 23, to the condensing portion
16, where it condenses releasing heat. Thereafter, a first
flow rate of the working fluid, through the accumulation
reservoir 24, reaches the deep-frozen or frozen food con-
servation unit 7 and the fresh food conservation unit 8.
At these units it undergoes a substantially adiabatic ex-
pansion and an evaporation producing cold, and then
returns to the compressors 11 completing the refrigerat-
ing cycle, as already described with reference to the first
operating mode. A second flow rate of the working fluid,
thanks to the interception means 19 and 21 being open,
flows through the expansion means 6 and reaches the
heat exchanger 10. Here the working fluid evaporates,
absorbing heat and therefore cooling the thermal carrier
fluid circulating in the secondary circuit 91. The unit 9 for
adjusting air temperature is thus active for cooling envi-
ronment A. The flow rate of working fluid coming out from
the heat exchanger 10 is then sent, again through the
reversing cycle valve 23, to the intake of the compressors
11 of the group of compressors 11b, completing the re-
frigerating cycle.
[0083] In a third operating mode, illustrated in figure 3
and typically intended for the cold seasons, the thermal
installation 1 is active both for producing cold at the deep-
frozen or frozen food conservation unit 7 and at the fresh
food conservation unit 8, and for heating one or more
rooms of the environment A through the unit 9 for adjust-
ing air temperature. The reversing cycle valve 23 is in a
second operating configuration, which allows the delivery
of the compressors 11 to be directly connected with the
thermal user point 5 associated with the air unit 9, that
is with the heat exchanger 10. The interception means
19 and 21 intercept the relative circuit portions, respec-
tively preventing the working fluid from passing from the
heat exchanger 10 directly to the accumulation reservoir
24 and from the reversing cycle valve 23 directly to the
intake of the compressors 11. The interception means

20 and at least one of the interception means 171 are
open.
[0084] In this operating mode the working fluid is com-
pressed in the compression section 3 and sent, through
the reversing cycle valve 23, to the heat exchanger 10,
where it can release sensible superheat and, moreover,
partially or totally condense, releasing a first amount of
latent heat to the thermal carrier fluid circulating in the
secondary circuit 91 associated with the unit 9 for adjust-
ing air temperature. The unit 9 is thus active to heat en-
vironment A. Thereafter, again through the reversing cy-
cle valve 23 and the double riser 25, the working fluid is
sent to the condensing portion 16, where it possibly com-
pletes the condensation releasing a second amount of
latent heat. Thereafter, a first flow rate of the working
fluid, flowing through the accumulation reservoir 24,
reaches the deep-frozen or frozen food conservation unit
7 and the fresh food conservation unit 8. At these units
it undergoes a substantially adiabatic expansion and an
evaporation, producing cold, and then returns to the com-
pressors 11 of the group of compressors 11a and 11b,
substantially completing a heat pump thermal cycle. A
second flow rate of working fluid reaches the evaporating
portion 17 of the thermal exchange device 4. Based on
the number of open interception means 171, this second
flow rate flows through one or more of the fluid paths 170,
evaporating after having undergone a substantially adi-
abatic expansion in the respective expansion means 172.
The second flow rate of the working fluid coming out from
the evaporating portion 17 is then sent to the intake of
the compressors 11 of the group of compressors 11b,
also in this case substantially completing a heat pump
thermal cycle.
[0085] In this operating mode, thanks to the special
structure of the thermal exchange device 4 described
above and illustrated in figure 4, the amount of heat re-
leased by the working fluid during condensation at the
condensing portion 16 can be at least partially, and pref-
erably substantially, transferred to the evaporating por-
tion 17 by forced convection of the air and conduction
through the fins 18. This contributes both to evaporate
the working fluid within the evaporating portion 17, and
to delay the possible formation of frost at the fluid paths
170 and at the fins 18. The formation of frost, which is
thermally insulating, would hinder the heat exchange with
the air of the outside E and therefore would limit to higher
values the minimum outside temperature at which the
evaporating portion 17 can be active, thus reducing the
working range of the thermal installation 1.
[0086] In a variant of the third operating mode de-
scribed above, it is possible for all of the interception
means 171 to be closed and, therefore, for the evaporat-
ing portion 17 to be completely excluded from the closed
circuit 2. The path and the transformations undergone
by the working fluid are substantially the same as those
described with reference to the third operating mode, ex-
cept that the substantially adiabatic expansion and the
evaporation with production of cold only occur at the
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deep-frozen and frozen food conservation unit 7 and at
the fresh food conservation unit 8.
[0087] In this variant, the thermal installation 1 is there-
fore still active both for producing cold at the aforemen-
tioned units 7 and 8, and for heating environment A
through the unit 9 for adjusting air temperature, but with
a reduced heating capacity. In this case, indeed, the
amount of heat that the working fluid can release to en-
vironment A upon condensation is related to the demand
of cold at the units 7 and 8 only.
[0088] This variant of the third operative mode can ad-
vantageously be used in all those situations where there
is reduced need to heat the environment, as for example
can happen at the end of winter or in late autumn. When
a greater heating capacity is required it is possible to
switch to the third operative mode described above by
partially or totally activating the evaporating portion 17.
The addition of this thermal load increases the demand
of cold in the thermal installation 1 and consequently in-
creases the amount of heat that the working fluid can
release upon condensation at the thermal user point 5
associated with the operation of the unit 9 for adjusting
air temperature.
[0089] Both the changes in operating mode and the
adjustment of the thermal installation 1 in each operating
mode are preferably actuated through a microprocessor
control unit (not shown in the figures).
[0090] In particular, the control unit receives the fol-
lowing input signals:

- pressure at the intake of the compressors 11 of the
group of compressors 11a;

- pressure at the intake of the compressors 11 of the
group of compressors 11b;

- pressure at the delivery of the compression section
3;

- temperature of environment A;
- required temperature of environment A;
- possibly, temperature of the thermal carrier fluid of

the secondary circuit 91 at the output from the heat
exchanger 10.

[0091] Based on the pressure signal at the intake of
the compressors 11 of the group of compressors 11a,
the control unit determines the thermal load at the deep-
frozen or frozen food conservation unit 7 and, if neces-
sary, acts on the number of compressors 11 active in the
group of compressors 11a.
[0092] Based on the pressure signal at the intake of
the compressors 11 of the group of compressors 11b,
the control unit determines the thermal load at the fresh
food conservation unit 8 and at the unit 9 for adjusting
air temperature when operating in cooling mode, and, if
necessary, acts on the number of compressors 11 active
in the group of compressors 11b. Based on this signal
the control unit can also, in case of thermal load peaks,
limit the air cooling function to continue ensuring the cor-
rect cooling at the fresh food conservation unit 8.

[0093] Based on the pressure signal at the delivery of
the compression section 3, the control unit keeps the
condensation of the working fluid within predetermined
values for optimal operation of the thermal installation 1,
for example by acting on the means 162 for forcedly cir-
culating air at the thermal exchange device 4 (changing
the number of active fans or the number of revolutions
thereof).
[0094] Based on the temperature signal of environ-
ment A and the required temperature signal of environ-
ment A, the control unit determines whether the unit 9
for adjusting air temperature must be active in cooling
mode, in heating mode, or else does not have to be active.
This, in particular, can involve switching the reversing
cycle valve 23 and opening/closing the interception
means 19 and 21 to switch between the aforementioned
modes, and possibly opening/closing the interception
means 171, to totally or partially include or exclude the
evaporating portion 17 of the thermal exchange device
4 into/from the closed circuit 2.
[0095] Based on the temperature signal of the thermal
carrier fluid of the secondary circuit 91 coming out from
the heat exchanger 10 and on the required temperature
signal of environment A, the control unit adjusts the op-
eration of the unit 9 for adjusting air temperature with
respect to the required temperature, for example chang-
ing or excluding the thermal carrier fluid flow rate circu-
lating in the respective secondary circuit.
[0096] This last control could, on the other hand, be
carried out directly by a control unit of the unit 9 for ad-
justing air temperature, especially when there are a plu-
rality of units 9 connected with a single secondary circuit
91. In such a case, it is not necessary for the control unit
of the installation 1 to receive as an input the temperature
signal of the thermal carrier fluid of the secondary circuit
91 at the output of the heat exchanger 10.
[0097] The embodiment of the thermal installation 1
described above can undergo various modifications,
which shall not be described here in detail, but in any
case fall within the scope of the invention. Such modifi-
cations can, for example, comprise: eliminating some or
all of the check valves 12; eliminating the means for the
separation and recovery of oil from the compressors (oil
separator 13, filter 14, line 15); arranging the heat ex-
change device 4 so that the condensing portion 16 carries
out a thermal exchange with air and the evaporating por-
tion 17 with a different fluid, for example water as de-
scribed above, or vice-versa; actuating the expansion at
the evaporating portion 17 by means of a single expan-
sion means 172; arranging the means 162 for forcedly
circulating air so as to define a preferred direction of the
air flow through the thermal exchange device 4 that is
different from and, at the extreme, opposite to that indi-
cated in the figures through the arrows 22, although to
the detriment of the performance; leaving out the deep-
frozen or frozen food conservation unit 7, the respective
thermal user point 5 and the group of compressors 11a,
or else leaving out the fresh food conservation unit 8 and
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the respective thermal user point 5.
[0098] The thermal installation 1 shall in general be
marketed without the thermal users (units 7, 8, 9), even
if, of course, the operation of the thermal installation 1
requires them to be connected at least at some of the
thermal user points 5.

Claims

1. Thermal installation (1), comprising a closed circuit
(2) wherein a working fluid carries out a thermody-
namic cycle, said closed circuit (2) comprising a plu-
rality of thermal user points (5), at which said working
fluid is at a temperature suitable for thermal ex-
change with at least one unit (9) for adjusting air tem-
perature of an environment (A) and at least one of a
deep-frozen or frozen food conservation unit (7) and
a fresh food conservation unit (8).

2. Thermal installation (1) according to claim 1, wherein
said at least one deep-frozen or frozen food conser-
vation unit (7) is a counter, cabinet or cold-storage
room at a temperature between about -14°C and
about -25°C.

3. Thermal installation (1) according to any one of the
previous claims, wherein said at least one fresh food
conservation unit (8) is a counter, cabinet or cold-
storage room at a temperature of between about
+10°C and about - 1°C.

4. Thermal installation (1) according to any one of the
previous claims, wherein said environment (A) is a
commercial concern at least partially intended for
the sale of food or a dining point.

5. Thermal installation (1) according to any one of the
previous claims, wherein said at least one of a deep-
frozen or frozen food conservation unit (7)and a fresh
food conservation unit (8)directly operate with said
working fluid.

6. Thermal installation (1) according to any one of the
previous claims, wherein said at least one unit (9)
for adjusting air temperature operates with a thermal
carrier fluid distinct from said working fluid and in
thermal exchange relationship with it at the respec-
tive thermal user point (5).

7. Thermal installation (1) according to any one of the
previous claims, comprising means for switching
(23, 19, 21, 171) between an operating mode where-
in said at least one unit (9) for adjusting air temper-
ature cools said environment (A) and an operating
mode wherein said at least one unit (9) for adjusting
air temperature heats said environment (A).

8. Thermal installation (1) according to claim 7, wherein
said means for switching (23, 19, 21, 171) comprise
a reversing cycle valve (23) and means (19, 21, 171)
for intercepting portions of said closed circuit (2).

9. Thermal installation (1) according to any one of the
previous claims, comprising a thermal exchange de-
vice (4), at which said working fluid is in thermal ex-
change relationship with the outside (E) of said en-
vironment (A), said thermal exchange device (4)
comprising a condensing portion (16), at which said
working fluid releases heat, and an evaporating por-
tion (17), at which said working fluid can at least par-
tially, and preferably substantially, absorb said heat
released at said condensing portion (16).

10. Thermal installation (1) according to claim 9, wherein
said condensing portion (16) comprises at least one
first fluid path (160) and said evaporating portion
comprises at least one second fluid path (170), said
at least one first and at least one second fluid path
(160, 170) comprising a plurality of ducts embedded
in a same assembly of fin (18).

11. Thermal installation (1) according to claim 10, where-
in said thermal exchange device (4) comprises
means (162) for forcedly circulating a fluid, prefera-
bly air, externally of’ said at least one first and at least
one second fluid path (160, 170).

12. Thermal installation (1) according to any one of
claims 10 or 11, wherein said evaporating portion
(17) comprises a plurality of second fluid path (170)
connected in parallel and selectively interceptable
through a corresponding plurality of interception
means (171).

13. Thermal installation (1) according to any one of the
previous claims comprising a plurality of compres-
sors (11) defining a compression section (3) of said
working fluid, wherein a first group of compressors
(11a) of said plurality of compressors (11) has a re-
frigerating capacity suitable for ensuring the opera-
tion of said at least one deep-frozen or frozen food
conservation unit (7) and a second group of com-
pressors (11b) of said plurality of compressors (11)
has a refrigerating capacity suitable for ensuring the
operation of said at least one fresh food conservation
unit (8)and of said at least one unit (9) for adjusting
air temperature.

14. Thermal installation (1) according to any one of the
previous claims, comprising expansion means (6,
172) for expanding said working fluid selected from
thermostatic valves and capillaries.

15. Thermal installation (1) according to any one of the
previous claims, wherein said working fluid is a re-
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frigerating fluid selected from the group comprising
hydro-fluoro-carbons (HFC), hydro-chloro-fluoro-
carbons (HCFC), carbon dioxide, propane and am-
monia.

16. Thermal installation (1) according to claim 15, where-
in said refrigerating fluid is a hydro-fluoro-carbon
(HFC) selected from the group comprising R-507A
and R-404A.

17. Thermal installation (1) according to any one of the
previous claims, comprising a microprocessor con-
trol unit adapted to control the operation of said ther-
mal installation (1) according to the required operat-
ing conditions at said at least one unit (9) for adjusting
air temperature and said at least one of a deep-fro-
zen or frozen food conservation unit (7) and a fresh
food conservation unit (8).

18. Thermal installation (1) according to any one of the
previous claims, wherein each of the component el-
ements thereof has a plan overall size not greater
than 80 cm by 120 cm.

19. Thermal exchange device (4) comprising a condens-
ing portion (16), at which a working fluid releases
heat, and an evaporating portion (17), at which said
working fluid can at least partially, and preferably
substantially, absorb the heat released at said con-
densing portion (16), wherein said condensing por-
tion (16) comprises at least one first fluid path (160)
and said evaporating portion (17) comprises at least
one second fluid path (170), said at least one first
and at least one second fluid paths (160, 170) being
embedded in the same assembly of fin (18).

20. Thermodynamic process comprising the step of car-
rying out a thermodynamic cycle wherein a working
fluid reaches, at a plurality of thermal user points (5),
a plurality of temperatures suitable for the operation
of at least one unit (9) for adjusting air temperature
of an environment (A) and at least one of a deep-
frozen or frozen food conservation unit (7) and a
fresh food conservation unit (8).

21. Process according to claim 20, wherein, in a first
operating mode, the operation of said at least one
unit (9) for adjusting air temperature is selectively
deactivatable.

22. Process according to claim 20, wherein, in a second
operating mode, the operation of said at least one
unit (9) for adjusting air temperature is for cooling
the air temperature.

23. Process according to claim 20, wherein, in a third
operating mode, the operation of said at least one
unit (9) for adjusting temperature is for heating the

air temperature.

24. Process according to claim 23, wherein, in said third
operating mode, said step of carrying out a thermo-
dynamic cycle comprises the steps of:

a) compressing said working fluid;
b) placing said working fluid in thermal exchange
relationship with said at least one unit (9) for
adjusting air temperature, at least partially de-
termining the condensation thereof;
c) substantially completing the condensation of
said working fluid; and
d) expanding and evaporating at least part of
said working fluid,

wherein in said step d) the working fluid at least par-
tially and preferably substantially absorbs the heat
released during said step c).

25. Process according to claim 24 comprising the step
of causing a forced flow of a fluid, preferably air, to
promote absorption in said step d) of the heat re-
leased in said step c).

26. Process according to any one of claims 20 to 25,
wherein said step of carrying out a thermodynamic
cycle comprises a step of compressing a first flow
rate of said working fluid suitable for ensuring the
operation of said at least one unit deep-frozen or
frozen food conservation (7), and a step of com-
pressing a second flow rate of said working fluid suit-
able for ensuring the operation of said at least one
fresh food conservation unit (8) and of said at least
one unit (9) for adjusting air temperature.

27. Process according to claim 26, wherein the operation
of said at least one unit (9) for adjusting air temper-
ature is subordinated to the correct operation of said
at least one fresh food conservation unit (8).

19 20 



EP 1 734 318 A1

12



EP 1 734 318 A1

13



EP 1 734 318 A1

14



EP 1 734 318 A1

15



EP 1 734 318 A1

16



EP 1 734 318 A1

17


	bibliography
	description
	claims
	drawings
	search report

