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(57) The refrigeration system of the "free cooling"
type is equipped with a circuit for working fluid to be re-
frigerated, refrigeration circuits (16, 16’) with refrigeration
cycles, and a sub-cooling unit (14) having heat exchange

means for sub-cooling, with the working fluid, the refrig-
erant circulating in the refrigeration circuits (16, 16’), the
heat exchange means comprising a heat exchanger (14)
shared by the refrigeration circuits (16, 16’).
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Description

[0001] The present invention refers to a system for the
refrigeration of a liquid and to a method for controlling
the system.
[0002] The present invention particularly refers to a
system commonly known as a "free-cooling" system that
generally has a first air refrigeration unit having a first air
cooling battery inserted on the working fluid cooling cir-
cuit, a second refrigeration unit with a refrigeration cycle
and having an evaporator inserted on the working fluid
cooling circuit in a cascade arrangement with respect to
the first air cooling battery, valve means for excluding the
first air cooling battery from the circuit for cooling the
working fluid, and fans suitable for acting simultaneously
on the first air cooling battery and on a second air cooling
battery flanking the first cooling battery and equipped with
a condenser of the second cooling unit for condensing
the refrigerant operating in the refrigeration cycle.
[0003] When the temperature of the outside air is lower
than the temperature of the liquid to be cooled, the "free-
cooling" system facilitates independent cooling of the
working fluid owing to direct heat exchange with the air.
[0004] The working fluid to be cooled generally con-
sists of liquid water or a liquid solution of water and glycol,
although the same concepts are applicable to any liquid.
[0005] Three different operating modes can be identi-
fied based on the temperature of the outside air with re-
spect to the temperature to which one wishes to cool the
working fluid, and the refrigeration load to be removed.
[0006] Let Tset-point be the "set point" temperature to
which one wishes to cool the working fluid, Tair the air
temperature, Toutfc the temperature of the working fluid
exiting the first cooling battery, and Toutevap the tem-
perature of the working fluid exiting the evaporator.
[0007] In the "free-cooling" operating mode, Tair <
Toutfc = Toutevap = Tset-point.
[0008] When the air temperature is lower than the tem-
perature to which one wishes to cool the working fluid
(Tset-point), the valve means diverts the flow of working
fluid towards the first cooling battery so that it is cooled
by direct heat exchange with the outside air. If the air
temperature is low enough to cool the working fluid to
the "set point" temperature, the refrigeration cycle com-
pressor will not begin operation and the system will sub-
stantially operate as a "dry cooler" with the sole use of
the fans.
[0009] In the combined operating mode, the air tem-
perature is lower than the temperature of the working
fluid to be cooled, but Toutfc>Tset-point=Toutevap.
[0010] When the air temperature is lower than the tem-
perature of the working fluid to be cooled, but the tem-
perature of the working fluid leaving the first cooling bat-
tery has not yet reached the "set-point" temperature, the
working fluid is further cooled in the evaporator, thanks
to the refrigeration circuit of the second refrigeration unit.
The efficiency of this design solution in this operating
mode is linked to the fact that it exploits the air flow pro-

duced by the fans with a dual effect: cooling the working
fluid in the first cooling battery and condensing the refrig-
erant in the second cooling battery.
[0011] In the "chiller" operating mode, the air temper-
ature is higher than the temperature of the working fluid
to be cooled.
[0012] When the outside air temperature is higher than
the temperature of the working fluid to be cooled, oper-
ation in the "free-cooling" mode is not possible: the valve
means switches, diverting the working fluid towards the
evaporator, and the system operates cooling the working
fluid owing solely to the refrigeration circuit of the second
refrigeration unit.
[0013] With respect to a simple "chiller" of the same
dimensions, the efficiency of a "free-cooling" system is
much greater in the "free-cooling" and combined operat-
ing modes, whereas limitations are present in the "chiller"
operating mode.
[0014] The main drawback of a traditional "free-cool-
ing" system relates to the fact that when it is operating
in the "chiller" operating mode, given that the temperature
of the outside air is higher than the temperature of the
working fluid to be cooled, the first cooling battery, even
though it is inactive, increases air-side losses in load,
decreasing the useful flow against the second cooling
battery.
[0015] Stated in other terms, the first cooling battery
flanking the second cooling battery causes a rise in the
condensation temperature, to the detriment of the effi-
ciency of the second refrigeration unit, the maximum
cooling capacity that can be supplied and the operating
limits of the system in terms of the maximum air temper-
ature.
[0016] The presence of the first cooling battery limits
the maximum number of rows that can be dedicated to
the second cooling battery, for reasons related to the
physical dimensions and so as to avoid an excessive
increase in air-side losses in load, leading the fans to
operate at an inefficient point of their characteristic curve.
[0017] With respect to a "chiller" of the same dimen-
sions, a traditional "free-cooling" system thus generally
exhibits lower refrigeration performance and efficiency.
[0018] In this "chiller" operating mode, employing a
booster exchanger is often useful as a sub-cooler for the
refrigerant.
[0019] Known booster heat exchangers for sub-cool-
ing a refrigerant include just one refrigeration circuit.
[0020] This constitutes a limitation in the case in which
the system comprises two or more refrigeration circuits,
in that it imposes the realization of circuit solutions that
are quite complex and costly, often to the detriment of
the system’s efficiency.
[0021] Moreover, owing to the need for compactness,
booster heat exchangers used for sub-cooling a refrig-
erant are of the type having braze-welded plates.
[0022] This makes it impossible to carry out routine
and non-routine maintenance on the heat exchanger,
working fluid-side, to ensure the long life and constant
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efficiency of the system, and ultimately to guarantee that
the energy-efficient performance levels are constantly
kept at the designed levels.
[0023] Plate heat exchangers have significant losses
in load on the working-fluid side and this requires the use
of high pumping power.
[0024] The technical task of the present invention is
therefore to realize a refrigeration system of the "free-
cooling" type, equipped with a sub-cooling unit for sub-
cooling the refrigerant and that makes it possible to elim-
inate the prior art technical drawbacks.
[0025] Within the scope of this technical task, an aim
of the invention is to realize a refrigeration system of the
"free-cooling" type, equipped with a sub-cooling unit for
sub-cooling the refrigerant and that exhibits improved ef-
ficiency and refrigeration performance when operating in
the "chiller" mode.
[0026] Not least in importance is also the aim of pro-
viding a "free-cooling" type of refrigeration system
equipped with a sub-cooling unit for sub-cooling the re-
frigerant which proves to be simple and economical in
terms of construction and which proves to be easy to
inspect for routine and non-routine maintenance.
[0027] The technical task, as well as the latter and other
aims, according to the present invention, are achieved
by realizing a "free-cooling" type of refrigeration system
equipped with a circuit for working fluid to be cooled, a
first and at least a second refrigeration circuit with a re-
frigeration cycle, and a sub-cooling unit having heat ex-
change means for sub-cooling, with said working fluid,
the refrigerant circulating in said refrigeration circuits,
characterized in that said heat exchange means com-
prises a heat exchanger shared by said first and at least
a second refrigeration circuit.
[0028] Said heat exchanger is preferably tubular.
[0029] Said tubular heat exchanger is preferably of the
type comprising a shell and a tube bundle inserted in the
shell.
[0030] Preferably, flow diverting partitions are provided
inside said shell.
[0031] The tubes in said tube bundle are preferably
shaped so as to be piggable.
[0032] In one embodiment of the invention, said work-
ing fluid is located tube-side and said refrigerant is locat-
ed shell-side, said shell being divided into a first and at
least a second chamber, respectively, for containing the
refrigerant of said first and at least a second refrigeration
circuit, respectively.
[0033] In a different embodiment of the invention, said
working fluid is located shell-side and said refrigerant is
located tube-side.
[0034] The working fluid preferably flows counter-cur-
rent to said refrigerant in said heat exchanger.
[0035] In other embodiments of the invention, said heat
exchanger is a plate heat exchanger having two or more
refrigerant-side circuits and one working fluid-side circuit.
[0036] Further characteristics and advantages of the
invention will become more apparent from the description

of preferred, but not exclusive, embodiments of the re-
frigeration system according to the invention, which is
illustrated by way of approximate and non-limiting exam-
ple in the attached drawings, of which:

Figure 1 is a hydraulic circuit diagram of the refrig-
eration system.
Figures 2a and 2b show an elevation view and a front
view of the sub-cooling heat exchanger with a tube
bundle in a version with working fluid tube-side and
pure counter-current with respect to the flow of re-
frigerants.
Figures 3a and 3b show an elevation view and a front
view of the sub-cooling heat exchanger with a tube
bundle in a version with working fluid tube-side and
not pure counter-current with respect to the flow of
refrigerants.
Figures 4a and 4b show an elevation view and a front
view of the sub-cooling heat exchanger with a tube
bundle in a version with working fluid shell-side and
pure counter-current with respect to the flow of re-
frigerants.
Figures 5a and 5b show an elevation view and a front
view of the sub-cooling heat exchanger with a tube
bundle in a version with working fluid shell-side and
not pure counter-current with respect to the flow of
refrigerants.

[0037] Equivalent parts in the various preferred em-
bodiments are indicated using the same reference
number.
[0038] With reference to the figures, a "free-cooling"
type of refrigeration system is illustrated and indicated
by the reference number 1; the system serves for refrig-
erating a working liquid circulating between an inlet 1 and
an outlet 2 of a circuit 3, 13, 33, 43 for the working fluid
which for example, but not necessarily, consists of liquid
water or a liquid mixture of glycol and water.
[0039] The refrigeration system 1 comprises a first re-
frigeration circuit 16 with a refrigeration cycle, and a sec-
ond refrigeration circuit 16’ with a refrigeration cycle. In
an unillustrated embodiment, three or more refrigeration
circuits with a refrigeration circuit are provided.
[0040] The refrigeration system 1 also has a first air
cooling battery 6 and a second air cooling battery 6’, both
of which are inserted on sections 33, 43 set in parallel of
the working fluid circuit 3, 13, 33, 43.
[0041] The first air cooling battery 6 is flanked by a third
air cooling battery 10 that acts as a condenser in the first
refrigeration circuit 16.
[0042] The first air cooling battery 6 and the third air
cooling battery 10 share forced ventilation means 9.
[0043] Similarly, the second air cooling battery 6’ is
flanked by a fourth air cooling battery 10’ that acts as a
condenser in the second refrigeration circuit 16’.
[0044] The second air cooling battery 6’ and the fourth
air cooling battery 10’ share forced ventilation means 9’.
[0045] The first refrigeration circuit 16 and the second
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refrigeration circuit 16’ share an evaporator 7.
[0046] The refrigeration system 1 further comprises
valve means for distribution of the working fluid among
the sections 3, 13, 33, 43 of the working fluid circuit.
[0047] For example, this valve means comprises a
three-way valve 8 with three ports 8a, 8b, 8c.
[0048] The refrigeration system 1 has a sub-cooling
unit equipped with heat exchange means for sub-cooling,
with the working fluid, the refrigerant circulating in the
refrigeration circuits 16, 16’.
[0049] The sub-cooling unit comprises a heat ex-
changer 14 and a circulation pump 15 dedicated to the
latter.
[0050] The heat exchanger 14 is tubular in the illustrat-
ed solution.
[0051] Other applications in which the heat exchanger
14 is a plate type of heat exchanger are not excluded.
[0052] In particular, the heat exchanger 14 comprises
a shell 24 and a tube bundle inserted in the shell 24.
[0053] Flow diverting partitions 27 are also provided
inside the shell 24.
[0054] Advantageously, the tubes in the tube bundle
are piggable.
[0055] As illustrated in Figures 2a and 2b, in one em-
bodiment of the invention, the working fluid is located
tube-side, whereas the refrigerant is located shell-side.
In this case, by means of a partition wall 28, the shell 24
is divided into a first chamber 29 for containing the re-
frigerant of first refrigeration circuit 16 and a second
chamber 30 for containing the refrigerant of the second
refrigeration circuit 16’.The exchanger 14 is configured
for pure counter-current exchange, and therefore the inlet
ends of all the tubes for the working fluid communicate
with a manifold 31 located at one end of the shell 24 and
the outlet ends communicate with a manifold 32 located
at the opposite end of the shell 24.
[0056] A different embodiment of the invention is illus-
trated in Figures 3a and 3b. In this case as well, the work-
ing fluid is located tube-side and the refrigerant is located
shell-side. Here again, by means of a partition wall 28,
the shell 24 is divided, into a first chamber 29 for con-
taining the refrigerant of first refrigeration circuit 16 and
a second chamber 30 for containing the refrigerant of the
second refrigeration circuit 16’.However, in this case the
exchanger 14 is configured for not pure counter-current
exchange, and therefore all the tubes 45 for the working
fluid are U-shaped so as to position both the inlet end
and the outlet end at a manifold 34 located at one end
of the shell 24.
[0057] A different embodiment of the invention is illus-
trated in Figures 4a and 4b. The working fluid is located
shell-side, whereas the refrigerant is located tube-side.
In this case, the tube bundle is divided into a first sub-
bundle of tubes 35 for circulation of the refrigerant in the
first refrigeration circuit 16 and a second sub-bundle of
tubes 36 for circulation of the refrigerant in the second
refrigeration circuit 16’.The exchanger 14 is configured
for pure counter-current exchange, and therefore the inlet

ends of all the tubes 35 and 36, respectively, for the re-
frigerant of the first refrigeration circuit 16 and the second
refrigeration circuit 16’, respectively, communicate with
a respective inlet manifold 37, 37’ located at one end of
the shell 24 and the outlet ends communicate with a re-
spective outlet manifold 38, 38’ located at the opposite
end of the shell 24.
[0058] A different embodiment of the invention is illus-
trated in Figures 5a and 5b. In this case as well, the work-
ing fluid is located shell-side and the refrigerant is located
tube-side. In this case, the tube bundle is again divided
into a first sub-bundle of tubes 55 for circulation of the
refrigerant in the first refrigeration circuit 16 and a second
sub-bundle of tubes 56 for circulation of the refrigerant
in the second refrigeration circuit 16’.However, in this
case the exchanger 14 is configured for not pure counter-
current exchange, and therefore all the tubes 55, 56 are
U-shaped so that all the manifolds, that is, the inlet man-
ifolds 57, 57’ and the outlet manifolds 58, 58’ are posi-
tioned at one end of the shell 24.
[0059] Lastly, the system comprises one-way valves
23 for properly directing the working fluid in the various
operating modes.
[0060] The refrigeration system operates as follows.
[0061] In the "free-cooling" operating mode, the valve
8 is in a state in which the port 8b is closed and the ports
8a and 8c are open, the circulation pump 15 is off and
the compressor for the refrigeration circuits is off.
[0062] Only the forced ventilation means 9, 9’ are op-
erative to supply a flow of air on the air cooling batteries
6, 6’ in which the working fluid is circulating.
[0063] In the "combined" operating mode as well, the
valve 8 is in the state in which the port 8b is closed and
the ports 8a and 8c are open, the circulation pump 15 is
off and the compressor for the refrigeration circuits is off.
[0064] Cooling of the working fluid is carried out in a
cascaded process by the forced ventilation means 9, 9’
for ventilating the air cooling batteries 6, 6’ and by the
evaporator 7.
[0065] In the "chiller" operating mode, the valve 8
switches into a state in which the port 8b is open, the port
8a is open and the port 8c is closed, the circulation pump
15 is on, and the compressor for the refrigeration circuits
is on.
[0066] Primary circulation of working fluid is estab-
lished in the section 3 of the working fluid circuit compris-
ing the evaporator 7, and secondary circulation of work-
ing fluid is established in the sections 33, 43, 13 of the
working fluid circuit comprising the air cooling batteries
6, 6’ and the sub-cooling exchanger 14.
[0067] The temperature of the working fluid circulating
in the exchanger 14 is always lower than that of the con-
densed refrigerants and therefore the working fluid re-
moves heat from the latter.
[0068] Owing to the sub-cooling of the refrigerant, the
refrigeration performance of the system is enhanced by
virtue of the higher enthalpy jump produced by the evap-
orator 7.
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[0069] As a result, the punctual and seasonal efficiency
of the system, intended as a ratio of refrigeration power
to power consumption, increases.
[0070] The efficiency of the evaporator 7 improves,
which leads to a higher evaporation temperature, with
the power exchanged being equal, owing to the lower
concentration with which it is supplied.
[0071] With the refrigeration performance being equal,
ventilation-related noise decreases because the ex-
change surface with the air is exploited to a greater de-
gree.
[0072] The advantages derived from the adoption of a
sole cooling exchanger shared by the refrigeration cir-
cuits are as follows: with respect to the use of a number
of single exchangers in parallel, this solution prevents
the mixing of working fluid at different temperatures when
for example not all the refrigeration circuits are in oper-
ation at the same time.
[0073] Moreover, if this cooling exchanger is a tubular-
type exchanger, the following additional advantages are
present: the tubes are piggable, thus making it possible
to carry out maintenance and cleaning procedures need-
ed to ensure efficient heat exchange over time and there-
fore, ultimately, ensuring high efficiency levels. With re-
spect to a braze-welded plate heat exchanger, this solu-
tion offers lower load losses on working fluid-side, result-
ing in savings in the pumping power to be used. The
refrigeration circuits can have the same exchange sur-
face or even different exchange surfaces.
[0074] The refrigeration system and the relative control
method thus conceived are susceptible to numerous
modifications and variants, all of which falling within the
scope of the inventive concept. Moreover, all details may
be replaced with other technically equivalent elements.
[0075] The materials used, as well as the dimensions,
may in practice be of any type, according to needs and
the state of the art.

Claims

1. A refrigeration system of the "free cooling" type,
equipped with a circuit for working fluid to be cooled,
a first (16) and at least a second (16’) refrigeration
circuit with a refrigeration cycle, and a sub-cooling
unit (14) having heat exchange means for sub-cool-
ing, with said working fluid, the refrigerant circulating
in said refrigeration circuits (16, 16’), characterized
in that said heat exchange means comprises a heat
exchanger (14) shared by said first and at least a
second refrigeration circuit (16, 16’).

2. The refrigeration system of the "free cooling" type,
according to claim 1, characterized in that it com-
prises a first (6) and at least a second (6’) air cooling
battery, both inserted on sections set in parallel of
said working fluid circuit.

3. The refrigeration system of the "free cooling" type,
according to the preceding claim, characterized in
that said first and at least a second air cooling battery
(6, 6’), respectively, are flanked by a respective con-
denser (10, 10’) provided in said first and at least a
second refrigeration circuit (16, 16’), respectively,
and in that a first forced ventilation means (9) is pro-
vided and shared by said first air cooling battery (6)
and said condenser (10) of said first refrigeration cir-
cuit (16’) and at least a second forced ventilation
means (9’) shared by said at least a second air cool-
ing battery (6’) and said condenser (10’) of said sec-
ond refrigeration circuit (16’).

4. The refrigeration system of the "free cooling" type,
according to the preceding claim, characterized in
that it has a shared evaporator (7) for said first and
at least a second refrigeration circuit (16, 16’).

5. The refrigeration system of the "free cooling" type,
according to any one of the preceding claims, char-
acterized in that said heat exchanger (14) has a
number of refrigerant-side circuits and only one
working fluid-side circuit.

6. The refrigeration system of the "free cooling" type,
according to any one of the preceding claims, char-
acterized in that said heat exchanger (14) is tubular.

7. The refrigeration system of the "free cooling" type,
according to the preceding claim, characterized in
that said heat exchanger (14) comprises a shell (24)
and a tube bundle (25, 45, 35, 36, 55, 56) inserted
in the shell (24).

8. The refrigeration system of the "free cooling" type,
according to the preceding claim, characterized in
that flow diverting partitions (27) are provided inside
said shell (24).

9. The refrigeration system of the "free cooling" type,
according to claim 7 or 8, characterized in that the
tubes (25, 45, 35, 36, 55, 56) in said tube bundle are
piggable.

10. The refrigeration system of the "free cooling" type,
according to any one of claims 7 to 9, characterized
in that said working fluid is located tube-side and
said refrigerant is located shell-side, said shell (24)
being divided in a first and at least a second chamber
(29, 30), respectively, for containing the refrigerant
of said first and at least a second refrigeration circuit
(16, 16’), respectively.

11. The refrigeration system of the "free cooling" type,
according to any one of claims 6 to 10, character-
ized in that said working fluid is located shell-side
and said refrigerant is located tube-side.
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12. The refrigeration system of the "free cooling" type,
according to any one of claims 6 to 10, character-
ized in that said working fluid flows counter-current
to said refrigerant in said heat exchanger (14).

13. The refrigeration system of the "free cooling" type
according to any one of claims 1 to 5, characterized
in that said heat exchanger (14) is a plate heat ex-
changer.
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