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(54) EJECTION OF A COOLANT
(57)  Method for ejecting a coolant (2), comprising:
a) providing the coolant (2) within a storage tank (5),
wherein the coolant (2) comprises a liquid phase (3),
b) determining a filling level (8) of the liquid phase (3) of
the coolant (2) within the storage tank (5),
cl) ejecting the coolant (2) from the storage tank (5) via
a first ejection installation (6) if the filling level (8) deter-
mined in step b) is above a predetermined threshold, and
c2) ejecting the coolant (2) from the storage tank (5) via
a second ejection installation (7) if the filling level (8) de-
termined in step b) is below the predetermined threshold.
With the described method and device (1), a coolant
(2) can be ejected such that a particularly constant cool-
ing power can be achieved. Thereby, a decrease in the
cooling power due to an increase in the gas fraction of
the coolant (2) can be compensated by switching from
the first ejection installation (6) to the second ejection
installation (7) allowing a higher flow rate.
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Description

[0001] The invention is directed to a method and a de-
vice for ejecting a coolant. Further, the invention is di-
rected to a method for cooling an object by the coolant,
in particular a food product. In particular, liquid nitrogen
is used as the coolant.

[0002] Coolants such a nitrogen can be used to cool
objects such as food products. In order to achieve a pre-
dictable cooling effect, the cooling power provided by the
coolant is desired to be constant. However, if liquid ni-
trogen from a storage tank is used for cooling, the cooling
power usually decreases over time. This is due to the
fact that the cooling power depends on the gas fraction
of the nitrogen. With the filling level of the liquid nitrogen
decreasing, the gas fraction increases and the cooling
power decreases.

[0003] This effectis particularly disadvantageous if the
coolantis ejected inaconstant manner. Insuch aprocess
itis assumed that the cooling power is proportional to the
flow rate. In fact, however, the cooling power also de-
pends on the gas fraction of the coolant.

[0004] From the prior art methods are known in which
the flow rate of the coolantis controlled in order to achieve
a constant cooling power. Such methods however, can-
not sufficiently compensate the described influence of
the gas fraction of the coolant. This can reduce the pro-
duction capacity.

[0005] Itis, therefore, an object of the presentinvention
to overcome at least in part the disadvantages known
from prior art and, in particular, to provide a method and
a device for ejecting a coolant such that a particularly
constant cooling power can be achieved.

[0006] These objects are solved by the features of the
independent claims. Dependent claims are directed to
preferred embodiments of the present invention.

[0007] Accordingto the invention a method for ejecting
a coolant is presented. The method comprises:

a) providing the coolant within a storage tank, where-
in the coolant comprises a liquid phase,

b) determining a filling level of the liquid phase of the
coolant within the storage tank,

c1) ejecting the coolant from the storage tank via a
first ejection installation if the filling level determined
in step b) is above a predetermined threshold, and
c2) ejecting the coolant from the storage tank via a
second ejection installation if the filling level deter-
mined in step b) is below the predetermined thresh-
old.

[0008] By means of the described method a coolant
can be ejected. In particular, the coolant can be ejected
form one or more nozzles. Thus, the first ejection instal-
lation and/or the second ejection installation comprise at
least one respective nozzle. The ejected coolant can be
used for a further process. For example, the coolant can
be ejected such that an object can be cooled by the cool-
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ant. In particular, the coolant can be ejected in order to
cool a food product as the object. The method can be
applied, in particular, to a freezer for cooling objects. That
is, by the described method the coolant can be ejected
from the ejection installations and thereby introduced into
the freezer. The ejection installations are thus preferably
arranged within a cooling chamber of a freezer, in par-
ticular of a freezer for cooling food products.

[0009] The coolantis a substance that can be used for
cooling. Preferably, the coolant is gaseous at standard
conditions. Preferably, the coolant is a cryogenic sub-
stance. With the described method the coolant can be
ejected such that a particularly constant cooling power
can be achieved. This is due to the fact that the coolant
is ejected via different ejection installations depending
on thefilling level. The firstfilling installation can be adapt-
ed to properties of the coolant at relatively high filling
levels, the second filling installation can be adapted to
properties of the coolant a relatively low filling levels. The
first filling installation and the second filling installation
are separate elements. The first filling installation is con-
figured differently fromthe second filling installation. Pref-
erably, the first ejection installation is adapted to ejecting
the coolant having a first gas fraction and the second
ejection installation is adapted to ejecting the coolant
having a second gas fraction, wherein the first gas frac-
tion is lower than the second gas fraction, in particular
by a factor in the range of 5 to 20.

[0010] By using separate filling installations with differ-
ent properties, the cooling power can be maintained con-
stant particularly well, in particular compared to a mere
flow rate control. With a single ejection installation the
flow rate could be controlled only within an insufficiently
small range. In contrast to such a mere flow rate control,
the described method adds a further degree of freedom
to the control.

[0011] Instep a)the coolantis provided within the stor-
age tank. The storage tank can be any enclosed volume
in which the coolant can be stored. The coolant can be
provided such that the storage tank is filled prior to the
beginning of the method, wherein the filled storage tank
is provided as step a). Alternatively, the coolant can be
provided in step a) by filling the coolant into the storage
tank. Preferably, the coolant is provided in step a) such
that the storage tank s filled up to a maximum filling level.
The maximum filling level corresponds to the maximum
amount of the coolant that is supposed to be filled into
the storage tank.

[0012] The coolant within the storage tank is provided
such that the coolant in the storage tank comprises a
liquid phase and, preferably, also a gaseous phase. Nat-
urally, the gaseous phase is arranged on top of the liquid
phase. Within the storage tank the liquid phase and the
gaseous phase are preferably in thermal equilibrium with
each other. That is, the pressure within the storage tank
is the equilibrium vapor pressure.

[0013] In step b) the filling level of the liquid phase of
the coolant within the storage tank is determined. This
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can be done, for example, by means of a differential pres-
sure measurement.

[0014] The filling level is a measure for the distance
from the lowest point of the storage tank to where the
gaseous phase and the liquid phase adjoin each other.
The latter can be referred to as the dividing line between
the gaseous phase and the liquid phase.

[0015] Itis notrequired to determine the absolute filling
level, that is the distance from the lowest point of the
storage tank to the dividing line between the liquid phase
and the gaseous phase of the coolant. It is sufficient to
determine the filling level with respect to a fixed reference
point, that is the distance from the reference point to the
dividing line between the liquid and gaseous phases of
the coolant. If the reference point is not the lowest point
of the storage tank, the determined filling level deviates
from the absolute filling level by a constant offset. Such
a constant offset, however, is irrelevant for the described
method.

[0016] Depending on the result of step b), the coolant
is ejected either via the first ejection installation (step c1))
or via the second ejection installation (step c2)). That is,
steps c1) and c2) are alternatives, of which one is per-
formed at a time. However, the methods comprises both
steps. That is, during a first period of time the coolant is
ejected via the first ejection installation according to step
c1) and during a second period of time, the coolant is
ejected via the second ejection installation according to
step ¢2). The first period of time can be before or after
the second period of time. The first and second periods
of time follow each other preferably, but not necessarily,
without a time gap in between.

[0017] If the filling level is higher than the predeter-
mined threshold, the coolant is ejected via the first ejec-
tion installation (step c1)). If the filling level is lower than
the predetermined threshold, the coolant is ejected via
the second ejection installation (step c2)). Starting from
a storage tank filled to the maximum filling level the cool-
antis first ejected via the first filling installation (step c1)).
Overtime, thefilling level decreases. Once thefilling level
is lower than the threshold, the coolant is ejected via the
second filling installation (step c2)).

[0018] The threshold is preferably between 30 and 60
% of the maximum filling level. Preferably, the threshold
is set according to a set of initial tests.

[0019] According to a preferred embodiment of the
method the coolant is nitrogen.

[0020] Nitrogen is a cryogenic substance with a boiling
point of 77 K. The method according to the present em-
bodiment is thus applicable to processes, in which cor-
respondingly low temperatures are desired. The fact that
nitrogen is the coolant thus defines the technical field of
the presented method.

[0021] Further, in particular nitrogen shows the de-
scribed effect that the achievable cooling power depends
on the gas fraction of the coolant. Thus, the described
advantages of the presented method are achievable in
a particularly pronounced manner if nitrogen is the cool-
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ant.

[0022] According to a further preferred embodiment of
the method in steps c1) and c2) the coolant is extracted
from a bottom of the storage tank.

[0023] If the storage tank is filled with the coolant, ini-
tially the temperature within the storage tank is low. The
density of the coolant is highest at the bottom of the stor-
age tank. Accordingly, the temperature of the coolant is
lowest at the bottom of the storage tank. Thus, the gas
fraction of the coolant extracted at the bottom of the stor-
age tank is low and the cooling power is high. However,
over time the gas fraction of the coolant extracted from
the storage tank increases. This is due to the fact that
the temperature of the coolant is higher at the top of the
liquid phase than at the bottom of the liquid phase. The
more coolant is consumed, the more coolant from an
upper layer of the liquid phase is extracted at the bottom
of the storage tank. This effect is also enhanced by heat
intake into the storage tank.

[0024] Thatis, the described advantages of having two
different ejection installations are achievable in a partic-
ularly pronounced manner if the coolant is extracted at
the bottom of the storage tank.

[0025] The bottom of the storage tank is the lower side
of the storage tank. If the storage tank has a cylindrical
shape, the bottom of the storage tank is the lower end
face of the cylinder. If the storage tank has a shape that
deviates from a cylindrical shape, a corresponding defi-
nition applies.

[0026] According to a further preferred embodiment of
the method the coolant is ejected at a first flow rate in
step c¢1), wherein the coolant is ejected at a second flow
rate in step c2), and wherein the first flow rate is lower
than the second flow rate.

[0027] Step c1) is performed if the filling level is high
and, correspondingly, the gas fraction of the coolant is
low and the achievable cooling power is high. Thus, the
comparatively low flow rate is sufficient. Step c2) is per-
formed if the filling level is low and, correspondingly, the
gas fraction of the coolant is high and the achievable
cooling power is low. The lower cooling power can be
compensated by using a higher flow rate.

[0028] According to a further preferred embodiment of
the method the first flow rate is between 5 and 20 times
lower than the second flow rate.

[0029] It was found that increasing the flow rate by a
factor of 5 to 20 can particularly well compensate the loss
in cooling power due to an increase in the gas fraction
of the coolant.

[0030] According to a further preferred embodiment of
the method the coolant is ejected only via one of the
ejection installations at a time.

[0031] Inthe present embodiment the coolant is eject-
ed only via the first ejection installation in step c¢1) and
only via the second ejection installation in step c2). Steps
c1) and c2) are not performed simultaneously.

[0032] According to a further aspect of the invention,
a method for cooling an object is presented, wherein a
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coolant is ejected by the described method such that the
object is cooled by the coolant.

[0033] The details and advantages disclosed for the
method for ejecting a coolant can be applied to the meth-
od for cooling an object, and vice versa.

[0034] According to a preferred embodiment of the
method the object is a food product.

[0035] In the present embodiment the technical field
of the method is defined by the fact that food products
are cooled. In particular in this technical field a constant
cooling power is desirable.

[0036] According to a further aspect of the invention,
a device for ejecting a coolant is presented. The device
comprises:

- astorage tank for the coolant

- afirst ejection installation connected to the storage
tank,

- asecond ejection installation connected to the stor-
age tank,

- alevel meter for determining a filling level of a liquid
phase of the coolant within the storage tank and

- a control unit configured such that the coolant can
be ejected from the storage tank via the first ejection
installation if the filling level determined by the level
meter is above a predetermined threshold, and via
the second ejection installation if the filling level de-
termined by the level meter is below the predeter-
mined threshold.

[0037] The details and advantages disclosed for the
described methods can be applied to the device, and vice
versa. The described methods are preferably performed
using the device. The device is preferably configured for
ejecting the coolant according to the method for ejecting
acoolant. The device is preferably configured for cooling
an object according to the method for cooling an object.
[0038] The device is preferably a freezer, in particular
for cooling food products.

[0039] The level meter is preferably configured for
measuring thefilling level as a differential pressure meas-
urement. Therefore, the level meter preferably comprises
an upper pressure sensor for measuring the pressure at
the top of the storage tank, a lower pressure sensor for
measuring the pressure at the bottom of the storage tank
and a calculation element for calculating the filling level
based on measurement results obtained from the upper
pressure sensor and the lower pressure sensor.

[0040] The control unitis preferably configured to con-
trol the device such that steps c1) and c2) can be per-
formed.

[0041] According to a preferred embodiment of the de-
vice the first ejection installation is configured for ejecting
the coolant with a first flow cross section, wherein the
second ejection installation is configured for ejecting the
coolant with a second flow cross section, and wherein
the first flow cross section is smaller than the second flow
cross section.
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[0042] Atagiven pressure, a certain flow cross section
corresponds to a respective flow rate. To this end, the
above description of the flow rates applies to the flow
cross sections. Due to the different flow cross sections
the first ejection installation is better suitable for high fill-
ing levels and the second ejection installation is better
suitable for low filling levels.

[0043] According to a further preferred embodiment of
the device the first flow cross section is between 5 and
20 times smaller than the second flow cross section.
[0044] It should be noted that the individual features
specified in the claims may be combined with one another
in any desired technologically reasonable manner and
form further embodiments of the invention. The specifi-
cation, in particular taken together with the figures, ex-
plains the invention further and specifies particularly pre-
ferred embodiments of the invention. Particularly pre-
ferred variants of the invention and the technical field will
now be explained in more detail with reference to the
enclosed figures. It should be noted that the exemplary
embodiments shown in the figures are not intended to
restrict the invention. The figures are schematic and may
not be to scale. The figures display:

Fig. 1:  aschematic view of adevice for ejecting a cool-
ant according to the invention, and

Fig. 2:  aflow diagram of a method for ejecting a cool-
ant according to the invention, applicable to the
device of Fig. 1.

[0045] Fig. 1 shows a device 1 for ejecting a coolant

2. The device 1 comprises a storage tank 5 for the coolant
2. The coolant 2 can be extracted for ejection at a bottom
9 of the storage tank 5.

[0046] The coolant 2 within the storage tank 5 com-
prises a liquid phase 3 and a gaseous phase 4. A dashed
dividing line indicates where the liquid phase 3 and the
gaseous phase 4 adjoin one another. The distance of the
dashed dividing line from the bottom 9 of the storage tank
5 is afilling level 8 of the liquid phase 3 of the coolant 2
within the storage tank 5.

[0047] A high filling level 8 results in a low gas fraction
of the ejected coolant 2 and in a high cooling power. A
lower filling level 8 results in a higher gas fraction of the
ejected coolant 2 and in a lower cooling power. In order
to compensate the loss of cooling power due to a de-
crease of thefilling level 8, the flow rate can be increased.
Therefore, the coolant 2 can be ejected from the storage
tank 5 via a first ejection installation 6 or via a second
ejection installation 7. The first ejection installation 6 is
configured for ejecting the coolant 2 with afirst flow cross
section, the second ejection installation 7 is configured
for ejecting the coolant 2 with a second flow cross section.
The first flow cross section is between 5 and 20 times
lower than the second flow cross section. Ata given pres-
sure of the coolant 2, a certain flow cross section corre-
sponds to a respective flow rate. The first ejection instal-
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lation 6 is better suitable for high filling levels 8, the sec-
ond ejection installation 7 is better suitable for low filling
levels 8.

[0048] The device comprises a switch vale 17 within a
piping 10 between the storage tank 5, the first ejection
installation 6 and the second ejection installation 7. By
means of the switch valve 17 the first ejection installation
6 and the second ejection installation 7 can be switched
between. The switch valve 17 is connected to a control
unit 16. The control unit 16 is configured such that the
switch valve 17 is operated depending on the filling level
8: The coolant 2 is ejected from the storage tank 5 via
the first ejection installation 6 if the filling level 8 is above
a predetermined threshold, and via the second ejection
installation 7 if the filling level 8 is below the predeter-
mined threshold.

[0049] Thefilling level 8 can be determined as a differ-
ential pressure measurement by means of a level meter
12. The level meter 12 comprises an upper pressure sen-
sor 13 for measuring the pressure atthe top of the storage
tank 5 and a lower pressure sensor 14 for measuring the
pressure at the bottom 9 of the storage tank 5. The meas-
urement values obtained by the upper pressure sensor
13 and the lower pressure sensor 14 are supplied to a
calculation element 15 of the level meter 12, wherein the
filling level 8 is determined. The filling level 8 determined
by the level meter 12 is supplied to a control unit 16. The
calculation element 15 and the control unit 15 are shown
as separate elements in order to point out that the upper
pressure sensor 13, the lower pressure sensor 14 and
the calculation element 15 for the level meter 12. How-
ever, it is also possible and even preferred that the filling
level 8 is calculated in the control unit 16. Therefore, the
upper pressure sensor 13 and the lower pressure sensor
14 can be connected directly to the control unit 16. In that
case the calculation element 15 can be considered part
of the control unit 16.

[0050] Thedevice 1canbe used, in particular, for cool-
ing an object 11. Thereby, the coolant 2 is ejected such
that the object 11 is cooled by the coolant 2. The object
11 is preferably a food product.

[0051] Fig. 2is a flow diagram of a method for ejecting
a coolant 2, in particular nitrogen. The method can be
performed with the device 1 of Fig. 1. Thus, the method
is described using the reference numerals of Fig. 1. The
method comprises:

a) providing the coolant 2 within a storage tank 5,
wherein the coolant 2 comprises a liquid phase 3,
b) determining a filling level 8 of the liquid phase 3
of the coolant 2 within the storage tank 5,

c1) ejecting the coolant 2 from the storage tank 5 via
a first ejection installation 6 if the filling level 8 deter-
mined in step b) is above a predetermined threshold,
and

c2) ejecting the coolant 2 from the storage tank 5 via
a second ejection installation 7 if the filling level 8
determined in step b) is below the predetermined
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threshold.

[0052] The coolant2is ejected only via one of the ejec-
tion installations 6,7 at a time. This is indicated in that
the boxes representing steps c1) and c2) are arranged
on top of each other. Steps c1) and c2) are not performed
simultaneously. After the storage tank 5 has been filled,
usually step c1) is performed. Due to consumption of the
coolant 2, the filling level 8 can decrease. Once the
threshold has been passed, step c2)is performed instead
of step c1).

[0053] Withthe described method and device 1, a cool-
ant 2 can be ejected such that a particularly constant
cooling power can be achieved. Thereby, a decrease in
the cooling power due to an increase in the gas fraction
of the coolant 2 can be compensated by switching from
the first ejection installation 6 to the second ejection in-
stallation 7 allowing a higher flow rate.

List of reference numerals

[0054]

1 device

2 coolant

3 liquid phase

4 gaseous phase

5 storage tank

6 first ejection installation
7 second ejection installation
8 filling level

9 bottom

10 piping

11 object

12 level meter

13 upper pressure sensor
14  lower pressure sensor
15  calculation element

16  control unit

17  switch valve

Claims
1. Method for ejecting a coolant (2), comprising:

a) providing the coolant (2) within a storage tank
(5), wherein the coolant (2) comprises a liquid
phase (3),

b) determining a filling level (8) of the liquid
phase (3) of the coolant (2) within the storage
tank (5),

c1) ejecting the coolant (2) from the storage tank
(5) via a first ejection installation (6) if the filling
level (8) determined in step b) is above a pre-
determined threshold, and

c2) ejecting the coolant (2) from the storage tank
(5) via a second ejection installation (7) if the
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filling level (8) determined in step b) is below the 11. Device (1) according to claim 10, wherein the first
predetermined threshold. flow cross section is between 5 and 20 times smaller
than the second flow cross section.
2. Method according to claim 1, wherein the coolant (2)
is nitrogen. 5

3. Method according to any of the preceding claims,
wherein in steps ¢1) and c2) the coolant (2) is ex-
tracted from a bottom (9) of the storage tank (5).

10

4. Method according to any of the preceding claims,
wherein the coolant (2) is ejected at a first flow rate
in stepc1), wherein the coolant s ejected ata second
flow rate in step c2), and wherein the first flow rate
is lower than the second flow rate. 15

5. Method according to claim 4, wherein the first flow
rate is between 5 and 20 times lower than the second
flow rate.
20
6. Method according to any of the preceding claims,
wherein the coolant (2) is ejected only via one of the
ejection installations (6,7) at a time.

7. Method for cooling an object (11), wherein a coolant 25
(2) is ejected by a method according to any of the
preceding claims such that the object (11) is cooled
by the coolant (2).

8. Method according to claim 7, wherein the object (11) 30
is a food product.

9. Device (1) for ejecting a coolant (2), comprising:

- a storage tank (5) for the coolant (2), 35
- a first ejection installation (6) connected to the
storage tank (5),

- a second ejection installation (7) connected to

the storage tank (5),

- a level meter (12) for determining a filling level 40
(8) of a liquid phase (3) of the coolant (2) within

the storage tank (5), and

-acontrol unit (16) configured such that the cool-

ant (2) can be ejected from the storage tank (5)

via the first ejection installation (6) if the filling 45
level (8) determined by the level meter (12) is
above a predetermined threshold, and via the
second ejection installation (7) if the filling level

(8) determined by the level meter (12) is below

the predetermined threshold. 50

10. Device (1)accordingto claim9, wherein thefirstejec-
tion installation (6) is configured for ejecting the cool-
ant (2) with a first flow cross section, wherein the
second ejection installation (7) is configured for 55
ejecting the coolant (2) with a second flow cross sec-
tion, and wherein the first flow cross section is small-
er than the second flow cross section.
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