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TRANSPORTATION

(57) A cooling method provides taking a liquefied
gas, cooling by means of the liquefied gas a cooled cham-
ber (3) containing cold accumulators (6), and taking the
cooled accumulators (6) and store them in a transporta-
ble insulated chamber.
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Description

Technical Field

[0001] The present invention relates to the field of con-
trolled-atmosphere transport, e.g. for foodstuff or drugs.

Background of the invention

[0002] A known controlled atmosphere transport road
vehicle comprises an insulated chamber and a refriger-
ation apparatus with a compressor for a cooling liquid
and a coil inside the insulated chamber for maintaining,
thanks to the cooling liquid, a lower temperature than the
outside.

Summary of the invention

[0003] The scope of the present invention is to increase
efficiency of the transportation and maintenance of the
controlled temperature in the insulated chamber. The
scope of the present invention is achieved by a method
according to claim 1 wherein a liquefied gas is used as
an operational source of cooling energy to cool cold stor-
age tanks, e.g. eutectic liquid plates, to be stored in in-
sulated chambers for transportation of temperature-con-
trolled goods below 24°C such as fresh or frozen food
and medicines. The industrial process of gas liquefaction
is known and efficient for large quantities, unlike the small
compressor refrigeration apparatus arranged on board
of transport road vehicles equipped with traction motor.
In addition, a liquefied gas is an excellent cooling power
source and therefore the transportation by container and
storing within tanks allows a relatively high autonomy of
the chambers for cooling the accumulators. In addition,
the very low temperature available through a liquefied
gas allow to reduce the time required for the cold storing
into the accumulators as a result of an appropriate design
due to the available high thermal gradient. Moreover, the
use of a liquefied gas allows a ’cascade’ use for different
temperature requirements. For example, it is possible to
cool two chambers connected in series with respect to
the tank in which the second receives the cooling fluid
from the first to have an internal temperature higher than
that of the first chamber. For example, the first chamber
is used to cool accumulators for transporting frozen foods
and the second one for fresh foodstuffs. It is also possible
that the cooling fluid used in the first chamber, which may
be liquid or already gaseous, circulates in a heat ex-
changer for cooling fluids for various uses, such as in-
dustrial cooling circuits for industrial machinery, air con-
ditioning circuits in the workplace or residential areas.
Industrial methods are also known to liquefy inert and
non-toxic gases, such as nitrogen, and this allows to limit
the environmental impact to the maximum in case of plant
malfunctions or gas leaks.

Brief description of the drawings

[0004] Further purposes and advantages of the
present invention will be clear from the following detailed
description of an example of an embodiment thereof (and
variants thereof) and by the accompanying drawings giv-
en by way of example only and not limiting, wherein:

- Figure 1 shows a schematic view of a cooling station
for cold accumulators according to the method of the
present invention;

- Figure 2 shows images of a first apparatus test of
the method of the present invention;

- Figure 3 shows a detailed functional diagram of the
components of the cooling apparatus according to a
preferred and non-limiting embodiment of the
present invention.

Detailed description of preferred embodiments of the 
invention

[0005] Figure 1 shows, as a whole, a cooling station 1
comprising a tank 2 of a liquefied gas, for example nitro-
gen at a temperature of approximately 160 ° C and a
pressure of about 200 bar, and a cooling chamber 3
cooled by the liquefied gas of tank 2. Specifically, the
temperature of the cooling fluid to the cooling chamber
3 comes adjusted by a valve 4 to regulate the pressure,
e.g. a lamination valve. Inside the chamber 3, the heat
exchange can be performed through several 5 devices,
e.g. coils or evaporators, which they receive the refrig-
erant at a lower temperature to that of the tank, for ex-
ample - 80 ° C. Preferably, chamber 3 is ventilated to
make the temperature homogeneous internal. According
to the method of the present invention, they are also sup-
plied 6 cold accumulators containing a substance which
preferably solidifies at the temperature of chamber 3, as
hollow plates containing an eutectic liquid and/or azeo-
tropic with freezing temperature of - 35 °C. Thanks to the
high temperature gradient available through the use of a
liquefied gas, it is possible to obtain relatively limited
freezing times of the batteries. For example, with refer-
ence to the test apparatus in figure 2, and the tempera-
tures indicated above, plates 6 were cooled in about 30
minutes, consuming 140 litres of nitrogen. In particular,
the cooling time to obtain the complete cooling of an eu-
tectic plate depends on the size of the eutectic plates and
it is possible to check the freezing process by controlling
or estimating an amount of thermal energy, i.e. heat, to
be removed from the plate liquid in order to complete the
full phase transition from liquid to solid by the eutectic
liquid. Therefore, for the same size of eutectic plate, the
time to complete the process is related to the rate of heat
removal and the temperature gradient (AT) in which the
eutectic plate is located, compared to the eutectic plate
is, compared to the external ambient temperature.
[0006] Accumulators 6, after cooling or phase transi-
tion are extracted from the chamber 3 and placed in a
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transportable insulated transportable chamber 7. The fig-
ure illustrates an embodiment in which chamber 7 is on
board a motorised road vehicle but it is also possible to
provide insulated chambers 7 that can be unloaded by
hand, for example for medicines, which can be transport-
ed in the trunk compartment of vehicles or on bicycles,
scooters, etc.
[0007] In particular, Figure 3 shows in more detail, ac-
cording to an embodiment, a sketch 10 of a cooling ap-
paratus covered by the present patent application.
[0008] The cooling apparatus comprises a cooling ap-
paratus comprises a cold generation unit 20 where the
cooling fluid is stored, a cold storage unit 30, preferably
an insulated chamber 31 also known as a "cell" or cham-
ber as mentioned in the preceding paragraphs and real-
ising a closed volume thermally insulated in such a way
as to maintain a controllable temperature on its internal
surface which is controllable and lower than the temper-
ature present in the external environment surrounding
cell 31 and mobile or fixed; and, finally, a cold utilisation
unit 40 configured to connect to the storage unit 30 and
designed to be housed in dedicated seats (not illustrated)
in transport vehicles.
[0009] In particular, cold generation unit 20 comprises
a refrigerant storage element, preferably a pressurised
tank 21 containing liquid nitrogen; a control and operating
unit for the parameters supply of the cooling fluid, pref-
erably a control unit 22 , which by means of temperature
and pressure sensors receive values of thermo-physical
parameters of cold accumulator 6, e.g. an eutectic plate,
and sets the optimal values of nitrogen quantity and/or
nitrogen supply time to achieve the best combination of
performance of the apparatus; a connection group 23,
arranged in series and at the end of the generation unit
20, and finally at least a refrigerant transportation line,
preferably a hose or conduit 24, connecting tank 21 to
the connection unit 23 and through control unit 22.
[0010] In particular, control unit 22, receives a temper-
ature signal from a sensor in contact with the accumulator
6 and verifies the condition that the temperature of the
accumulator reaches the freezing threshold of the liquid
contained in the accumulator freezing threshold of the
liquid contained in accumulator 6, preferably between
-30 and -35 °C. and monitors the pressure value reached
by the apparatus, e.g. in duct 24, during the freezing proc-
ess in order to ensure its safety, i.e. the pressure does
not exceed a predetermined maximum value. Alterna-
tively or in combination, control unit 22 verifies a flow rate
or quantity of nitrogen directed towards accumulator 6
and calculates the time required for freezing on the basis
of the temperature measured on board accumulator 6
when the latter is loaded into the cell. Or, are a flow rate
or quantity of nitrogen delivered from the tank 21 and a
tank size, are stored or set21 and an accumulator size,
and the time of nitrogen delivery is calculated based on
the difference in temperature of the nitrogen with accu-
mulator 6 loaded in the cell.
[0011] The connection unit 23 provides communica-

tion between the cold generation unit 20 and storage unit
30, and comprises a control element, preferably a sole-
noid valve 25 for controlling, through the opening and
closing of the passage section of circuit line 24, the flow
of line 24 of the circuit, the flow of the refrigerant fluid and
to exchange return information with the aid to exchange
feedback information with control unit 22 such as a tem-
perature of the accumulator 6 charged in the cell and/or
a pressure inside the cell; and a connecting member com-
municating with solenoid valve 25, preferably a quick
multi-connection 26. In particular, the rapid multi-connec-
tion 26 performs the function of a mechanical and fluidic
connection between generating unit 20 and generation
unit 20 and storage unit 30, fluidic connection, and elec-
trical/electronic connection, with the control unit 22.
[0012] In particular, the mechanical connection guar-
antees the connection and interfacing between multi-
connection 26 and cell 31 providing structural continuity
between the members of the apparatus of Fig.3; the flu-
idic connection function ensures the supply from the res-
ervoir 21 to cell 31, e.g. to accumulator 6 of the thermal
flow of refrigerant; and finally the function of electrical
connection with control unit 22 allows the programming
therefore the control of the thermophysical parameters
of the apparatus.
[0013] Storage unit 30, located in a fixed or mobile po-
sition, comprises a cell 31 capable of creating a closed
and thermally insulated volume to guarantee on its inter-
nal surface a temperature lower than the temperature
acting on the external surface and corresponding to the
ambient temperature; and at least one housing 32 for
allowing the engagement and disengagement of rapid
multi-connection 27 belonging to the generating unit 20
and the passage of the refrigerant through the wall of
said cell 31.
[0014] In particular, the housing 32 comprises at least
one inlet port 33, preferably cylindrical, preferably pass-
ing through a wall of cell 31 which achieves a releasable
communication with cold generation unit 20 and compris-
ing an external stop 34 and an internal stop surface 35.
Outer stop surface 34, preferably cylindrical, is suitable
for housing a coupling element, preferably a bushing 36
and the inner stop surface 35 is suitable for housing a
sensor, preferably a temperature sensor 38 mechanically
positioned in contact with utilization unit 40, and an adapt-
er element, preferably a plug-in terminal block 37, posi-
tioned between the eutectic plate 41 (described below)
and quick multiconnection 26, making the mechanical
connection In addition, storage unit 30, has a door allow-
ing communication with the external environment and
housing a fluid control element, preferably a mechanical
air valve 48 for better pressure balancing during the cool-
ing process, between the internal volume of cell 31 and
the external environment.
[0015] Furthermore, valve 48 defines a localised pres-
sure drop, e.g. by means of a narrowing of the passage
area with respect to a cross-section of coil 46, so as to
retain the nitrogen in the coil for a longer period of time
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and to favour the thermal heat exchange with the same
nitrogen consumption.
[0016] Storage unit 30 is designed to engage and dis-
engage with utilisation unit 40; the latter comprises a fluid
refrigerant containment element, preferably a eutectic
plate 41 having a preferably prismatic and flattened
shape, comprising at least one lower connection element
42, preferably cylindrical, which allows the refrigerant flu-
id to flow inside eutectic plate 41 through the connection
with plug terminal 37, and at least one upper connection
element 43, preferably cylindrical, which allows the re-
frigerant fluid to flow inside the eutectic plate 41 one up-
per connection element 43, preferably cylindrical and
comprising a cylindrical and comprising a line portion,
preferably a conveyor section 45 which allows the dis-
charge or discharge or escape of the refrigerant from
eutectic plate 41 through an eutectic 41 through a closing
element, preferably a mechanical valve 44, preferably
integral with eutectic plate 41 and mechanically coupled
to manifold section 45 and maintaining the fluid inside
the eutectic plate 41 until the parameters of pressure and
temperature are set by means of the solenoid valve 25.
[0017] In particular, eutectic plate 41, has a structure
preferably prismatic and realizing an internal volume
housing a heat exchange element ((not illustrated in Fig.
3) shaped to form a grid, preferably an "S" shaped metal
coil 46 (not illustrated in Fig. 3) and traversed on the
inside by the fluid entering the lower part through the
lower connection element 42 and exiting from the eutectic
plate 41 in the upper part through the upper connection
element 43. The internal volume is filled with a eutectic
liquid 47 in contact with coil 46. The average insertion
pressure of the refrigerant inside metallic coil 46 is pref-
erably 4 bar, while it subsequently expands due to the
temperature increase until it reaches a value of 20 bar.
[0018] The refrigerant flows along metal coil 46 and
exchanges energy with surrounding eutectic liquid 47.
Once the thermophysical characteristics of pressure and
temperature inside eutectic plate 41 are reached, e.g.
the freezing of the eutectic liquid, plate 41 is disconnected
from storage unit 30 through plug terminal 37, and
housed in sites obtained inside a mobile vehicle for main-
taining an internal temperature below than the external
temperature of environment during transportation. For
example, plug 37 is provided with a bayonet connection
or similar so that unloaded plate 41, after having been
placed in the cell, is fluid-tightly connected to plug 37. At
the end of the cooling process, the excess of refrigerant
fluid is basked in the cell 31 and subsequently removed
manually or by means of suitable valves for disposal in
special plants or dispersed. into the atmosphere without
any particular effects, in the case of nitrogen.
[0019] According to the method of the invention, the
exhausted liquefied gas exiting device 5 can be can be
either recovered through a closed circuit or, in particular
if inert and non-toxic, be released into the environment
by means of an outlet port 8 appropriately connected to
a non-return valve 9 to prevent air from entering device 5.

[0020] According to an embodiment not illustrated, due
to the high thermal gradient available with a liquefied gas,
it is possible to connect by cascade different users of
cooling capacity, i.e. in series with respect to the tank 2
and the chamber 3.
[0021] For example, the exhausted fluid from device 5
can be used to cool an additional chamber in which the
temperature is higher than the temperature of the cham-
ber 3. Or, it is possible that the exhausted fluid exiting
device 5 enters a heat exchanger. for cooling additional
fluids for various other uses, for example for cooling in-
dustrial machinery or for air conditioning circuits for en-
vironments intended for animals, plants, or people.

Claims

1. Cooling or refrigeration method comprising the steps
of:

- Taking, e.g. from a tank (2), a liquefied gas and
sending it in at least one cooled chamber (3);
- Checking an internal chamber temperature (3)
by reducing the gas pressure leaving the tank
in order to the internal temperature of the cham-
ber (3) is higher than the internal temperature
of the tank (2);
- Loading into the cooled chamber (3) at least
one cold accumulator (6) comprising a casing
and a substance in a fluid state at 24 °C, to obtain
a transition to the solid state of the substance;
- After an interval of time to achieve cooling of
the substance, removing the accumulator (6)
and storing it in an insulated chamber (7) which
can be transported to maintain a temperature
lower than 24°C inside the insulated chamber.

2. Method according to claim 1, wherein the transport-
able insulated chamber is configured to be unloaded
and loaded either by hand onto a vehicle.

3. Method according to any one of claims 1 or 2, com-
prising the further step of providing at least a further
cooled chamber fluidically connected in series to the
at least one cooled chamber for receiving from the
latter a flow of fluid at a temperature lower than 24°C
and originally coming from the tank, so that the tem-
perature inside of the at least further cooled chamber
is higher than that in the at least one cooled chamber.

4. Method according to any one of the preceding
claims, comprising the step of arranging a heat ex-
changer fluidically in series with the at least one
cooled chamber to receive from the latter a fluid flow
rate at a temperature lower than 24°C and initially
coming from the tank.

5. Method according to any one of the preceding
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claims, wherein the liquefied gas is inert and com-
prising the step of releasing the gas into the atmos-
phere after use in the at least one cooled chamber.

6. Method according to any one of the preceding
claims, comprising the step of measuring a first tem-
perature of the cold accumulator (6, 41) to be regen-
erated by means of a sensor (38) to be and, by means
of a control unit (22) receiving a signal from the sen-
sor (38) and an electro-valve (25) controlled by the
control unit (22), dosing a quantity of nitrogen to be
sent towards to the insulated chamber (7, 31) in order
to freeze the cold accumulator (6).

7. Method according to claim 6, wherein the control unit
(22) is programmed to receive as input dimensional
and thermodynamic data of the accumulator (6, 41)
and at least one second temperature of the liquefied
gas and to calculate, on the basis of said input data
and the first temperature, a delivery time of the liq-
uefied gas in order to obtain the freezing of the cold
accumulator (6).

8. Method according to any one of claims 6 or 7, where-
in the tank (2, 21) is portable by hand or with a cart
and is fluidically connected to the chamber (7, 31)
by a multifunction connector (26) configured to de-
fine an electrical connection releasable data ex-
change with the sensor (38) and a releasable fluidic
connection for gas delivery from the tank (2, 21).

9. Method according to any one of the preceding
claims, wherein said accumulator (6) comprises an
internal coil (46) having an inlet port (33) for receiving
gas from tank (2, 21) and an outlet port (48) for re-
leasing gas inside the chamber (7) the hotter gas
after having given off cooling power to the accumu-
lator (6) during the passage through the coil (46).

10. Method according to claim 9, wherein the outlet port
(48) comprises an air valve configured to define a
localized pressure drop and retain the gas longer
into the coil (46).
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