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(54) Energy conversion refrigeration apparatus and method

(57) In order to overcome the problems that earlier
apparatus and earlier methods have experienced, an ap-
paratus (100) and a method of energy conversion for a
freezer are proposed, comprising:

- providing liquid carbon dioxide (CO,) at a first pressure
and at afirst energy state to afirst region (A) for providing
potential energy;

- expanding the liquid carbon dioxide (CO,) to a second
pressure less than the first pressure, and to a second

energy state less than the first energy state in a second
region (B) in fluid communication with the first region (A)
for providing kinetic energy for performing mechanical
work in the second region (B); and

- exhausting the liquid carbon dioxide (CO,) as a carbon
dioxide (CO,) snow at a third pressure less than the sec-
ond pressure, and at a third energy state less than the
second energy state from a third region (C) in fluid com-
munication with the second region (B).
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Description
Technical field of the present invention

[0001] The presentinvention relates to an energy con-
version apparatus for a freezer as well as to a corre-
sponding method.

Technological background of the present invention

[0002] Powering a fan in a refrigeration apparatus
which utilizes a refrigerant fluid discharged directly into
the refrigeration chamber requires use of electricity to
operate an electric motor for the fan, the motor being
mounted either internally or externally to the refrigeration
chamber.

[0003] Motors consume electrical energy and can add
heat to the refrigeration apparatus if they are mounted
to or within the refrigeration chamber.

[0004] Further, internal injection headers required to
distribute the refrigerant fluid into the refrigeration cham-
ber consume electricity and produce additional unwanted
heat within the chamber.

[0005] Such refrigeration apparatus may also have an-
cillary systems which require electrical energy, such sys-
tems to include, but are not limited to, conveying appa-
ratus, thermostat devices, control systems, circulating
fans and exhaust fans.

[0006] Cryogen for known refrigeration apparatus in-
clude carbon dioxide (CO,) and nitrogen (N,) stored at
high pressures in liquid bulk storage tanks. For example,
CO, is usually stored at from 280 psig to 300 psig. The
CO, is stored as a cryogenic fluid under high pressure
and at a high energy state in this storage condition.
[0007] Inknown cryogenic applications, for example in
food freezing applications, the CO, is injected into a proc-
ess for cooling the cryogenic atmosphere of the freezer,
with the CO, fluid traveling from the pressure vessel
where the CO, is at a high energy state in liquid form
through a vacuum insulated pipeline to the point of use
which is in the cryogenic food freezer.

[0008] At the point of use the pipeline terminates in at
least one and for many applications a plurality of nozzles
in which to distribute the cryogen to the freezer atmos-
phere. The saturated liquid CO, experiences a pressure
drop across the nozzle as it expands into the ambient
environment of the freezer chamber.

[0009] Depending upon the enthalpy of the CO, before
it expands across the nozzle (subcooled, saturated or
super-heated state), a particular ratio of the solid CO, to
gas is created to use, for example in the food freezing
application.

[0010] Therefore, what is needed is a fan and/or an
injection device for refrigeration apparatus which is ca-
pable of converting the potential energy of the refrigerant
liquid into electrical energy, mechanical energy, or any
other method of performing work with the high pressure
liquid refrigerant prior to injection, at a lower energy state
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(subcooled). The captured energy from this process can
be used to power various ancillary systems or for other
purposes.

Disclosure of the present invention: object, solution, ad-
vantages

[0011] Starting from the disadvantages and shortcom-
ings as described above and taking the prior art as dis-
cussed into account, an object of the present invention
is to overcome the problems that earlier apparatus and
earlier methods have experienced.

[0012] This object is accomplished by an apparatus
comprising the features of claim 1 as well as by a method
comprising the features of claim 11. Advantageous em-
bodiments and expedient improvements of the present
invention are disclosed in the respective dependent
claims.

[0013] The present invention basically provides for a
self-powered energy conversion refrigeration apparatus
and method; more particularly, the presentinvention pro-
vides for an apparatus and a method for transferring po-
tential energy of a high pressure, high energy cryogenic
fluid into mechanical energy for increasing the amount
of refrigeration by decreasing the enthalpy of the fluid for
use with freezers, in particular with cryogenic food freez-
ers.

[0014] Even more particularly, the present invention
relates to an energy conversion apparatus for a freezer
including atleast one housing having afirstregion therein
for receiving liquid carbon dioxide (CO,) at a first pres-
sure and at a first energy state for providing potential
energy; at least one movable member rotatably mounted
to the housing and having a second region in fluid com-
munication with the first region, the second region con-
structed to receive the liquid carbon dioxide (CO,) for
changing to a second pressure less than the first pres-
sure, and a second energy state less than the first energy
state for providing kinetic energy from which mechanical
work is provided to rotate the movable member; and at
least one discharge member connected to the movable
member and having a third region in fluid communication
with the second region, the third region continuing the
mechanical work when exhausting the liquid carbon di-
oxide (CO,) at a third pressure less than the second pres-
sure, and at a third energy state less than the second
energy state such that the liquid carbon dioxide (CO,) is
changed to a carbon dioxide (CO,) snow.

[0015] There is therefore provided an apparatus for
transfer of such energy through at least one fan, at least
one turbine or any other rotating device which can be
powered by a high pressure, high energy state, cryogenic
fluid, such as carbon dioxide (CO,) or hydrogen (N,).
[0016] Work can be accomplished with the carbon di-
oxide (CO,) before it is passed through the nozzles so
that the energy state (enthalpy) of the carbon dioxide
(CO,) liquid will be reduced.

[0017] This results in the liquid effectively being sub-
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cooled before it passes across the nozzle or nozzles and
before itis injected into the freezing chamber of the freez-
ing apparatus. The carbon dioxide (CO,) liquid at a lower
energy state produces more carbon dioxide (CO,) snow
and less gas which translates into an increase in refrig-
eration for the freezing chamber.

[0018] Energy of the carbon dioxide (CO,) liquid is
transferred from the high pressure liquid by performing
mechanical work, thereby resulting in a liquid at a lower
enthalpy which yields an increase in refrigeration for the
process while using the same mass of liquid carbon di-
oxide (CO,).

[0019] The movable member may advantageously be
selected from the group consisting of at least one fan, at
least one disk, at least one cylinder and at least one tur-
bine.

[0020] The movable member may expediently include
atleast one internal space interconnecting the firstregion
and the second region for providing the fluid communi-
cation.

[0021] The discharge member may favourably be at
least one nozzle.

[0022] The apparatus may preferably further include
at least one freezing chamber for freezing at least one
product, the movable member being advantageously dis-
posed in said freezing chamber.

[0023] The freezer may expediently be a food freezer,
and the freezing chamber may favourably be disposed
within the food freezer.

[0024] The apparatus may preferably further include
at least one freezing chamber for freezing at least one
product, and the discharge member may advantageously
include at least one outlet pipe in fluid communication
with the freezing chamber in which the carbon dioxide
(CO,) snow is provided.

[0025] The movable member may expediently be dis-
posed external to the freezing chamber.

[0026] The apparatus may favourably further include
at least one generator electrically connected to the mov-
able member for receiving the kinetic energy.

[0027] There is also provided a method of energy con-
version for a freezer, which includes providing liquid car-
bon dioxide (CO,) at a first pressure and at a first energy
state to a first region for providing potential energy; ex-
panding the liquid carbon dioxide (CO,) to asecond pres-
sure less than the first pressure, and to a second energy
state less than the first energy state in a second region
in fluid communication with the first region for providing
kinetic energy for performing mechanical work in the sec-
ond region; and exhausting the liquid carbon dioxide
(CO,) as a carbon dioxide (CO,) snow at a third pressure
less than the second pressure, and at a third energy state
less than the second energy state from a third region in
fluid communication with the second region.

[0028] The method of the providing the kinetic energy
and the expanding the liquid carbon dioxide (CO,) may
preferably occur external to the freezer.

[0029] The method may advantageously further in-
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clude generating electricity from the mechanical work of
the expanding liquid carbon dioxide (CO,).

[0030] The third region may expediently include at
least one nozzle.

[0031] The method may favourably further include
freezing at least one product, in particular at least one
food product, by the freezer.

Brief description of the drawings

[0032] For a more complete understanding of the
present embodiment disclosures and as already dis-
cussed above, there are several options to embody as
well as to improve the teaching of the present invention
in an advantageous manner. To this aim, reference may
be made to the claims dependent on claim 1 as well as
on claim 11; further improvements, features and advan-
tages of the present invention are explained below in
more detail with reference to particular and preferred em-
bodiments thereof by way of non-limiting example and
tothe appended drawing figures taken in conjunction with
the following description of the embodiments, of which:
FIG. 1 is a side plan view, partially in cross-section,
of an embodiment of the fan for refrigerant fluid;
FIG.2 is atop plan view in cross-section of the em-
bodiment of FIG. 1;

FIG.3 is a side plan view, partially in cross-section,
of an embodiment of a snow injection device;

FIG.4 isatop plan view of the embodiment of FIG. 3;

FIG.5 is a side plan view, partially in cross-section,
of another embodiment of a snow injection de-
vice;

FIG.6 is a schematic side cut-away view of an em-
bodiment of a self-powered refrigeration appa-
ratus employing the fans as described herein,
said apparatus working according to the meth-
od of the present invention;

FIG. 7 is a schematic side plan view of a turbine ap-
paratus embodiment of the present invention,
said apparatus working according to the meth-
od of the present invention;

FIG.8 is a schematic end view taken along line 8-8
of the embodiment in FIG. 7; and

FIG.9 is a schematic view in partial cross-section of
the embodiment of FIG. 8 mounted for use with
a cryogenic freezer.

[0033] In the appended drawing figures, like equip-
ment is labelled with the same reference numerals



5 EP 2 884 206 A1 6

throughout the description of FIG. 1 to FIG. 9.

Detailed description of the drawings; best way of embod-
ying the present invention

[0034] Before describing the presentinventive embod-
iments in detail, it is to be understood that the inventive
embodiments are not limited in their application to the
details of construction and arrangement of parts illustrat-
ed in the accompanying drawing figures, since the
present invention is capable of other embodiments and
of being practiced or carried out in various ways. Also, it
is to be understood that the phraseology or terminology
employed herein is for the purpose of description and not
of limitation.

[0035] In order to avoid unnecessary repetitions and
unless otherwise stated, the above-mentioned as well as
the below-mentioned explanations regarding the fea-
tures, characteristics and advantages of the respective
embodiments relate to all embodiments of the present
invention, said embodiments working according to the
method of the present invention.

[0036] The present refrigeration apparatus utilizes in-
ternal fans with snow injection devices and/or externally
mounted turbines which are capable of reducing the en-
ergy state (enthalpy) of the cryogen and generating elec-
trical energy.

[0037] The fan and snow injection device described
herein are operable via energy provided by the refrigerant
fluid. No motors are necessary to operate the fan or snow
injection device. Energy may be removed from the refrig-
erant fluid by the fan or snow injection device, and that
energy may be used to power other parts of the refriger-
ation apparatus.

[0038] Since the refrigerant fluid provides energy to
power the fan or snow injection device (performs work),
the fluid is delivered into the refrigeration apparatus with
less energy, which results in a subcooled fluid, which in
turn results in a greater cooling capacity per pound of
refrigerant fluid supplied to the refrigeration apparatus.
[0039] That s, the transfer of energy from the refriger-
ant fluid ultimately into electrical energy results in a lower
energy state refrigerant fluid which increases the refrig-
erant capacity of the refrigerant fluid. Accordingly, a fif-
teen percent to twenty percent improvement in refriger-
ation efficiency is realized by the present embodiments.
[0040] Providedis afan forrefrigerantfluid, comprising
at least one blade having an internal space therein
through which a refrigerant fluid passes; atleast one noz-
zle in fluid communication with the internal space of the
at least one blade, wherein the at least one nozzle dis-
charges the refrigerant fluid from the at least one blade
at a velocity sufficient to rotate the at least one blade;
and an electrical generator operationally connected to
the at least one blade (alternately a mechanical breaking
device can be substituted for an electrical generator.
[0041] Work is performed on this device which gener-
ates heat external to the freezing chamber). Alternatively,
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the fan may comprise a plurality of blades. The refrigerant
fluid may be flashed into a mixture of solid and gaseous
refrigerant as it is discharged from the at least one blade.
[0042] Also provided is a snow injection device for a
carbon dioxide (CO,) refrigerant fluid comprising a disk
having an internal space therein through which a CO,
refrigerant fluid passes; at least one nozzle in communi-
cation with the internal space within the disk which dis-
charges the CO, refrigerant fluid from the disk at a ve-
locity sufficient to rotate the disk, the at least one nozzle
being adapted to flash the CO, refrigerant fluid into gas
and solid phases; and an electrical generator (or me-
chanical break) operationally connected to the disk.
[0043] Alternatively, the snow injection device may
comprise a plurality of nozzles in communication with the
internal space in the disk. The snow injection device may
further comprise a shroud operatively associated with
the snow injection device for causing the solid phase of
the flashed CO, refrigerant fluid to fall at a reduced ve-
locity out of the device, and into the refrigeration cham-
ber.

[0044] The fan and/or snow injection device may fur-
ther comprise means for storing electricity which are in
direct or indirect electrical communication with the elec-
trical generator. The above described nozzles may be
high-velocity nozzles, and particularly may be supersonic
nozzles.

[0045] The fanorsimilardevice may also be connected
to a mechanical break which releases energy to the en-
vironment in the form of heat, thereby removing energy
from the cryogenic fluid.

[0046] Referring now to FIG. 1 and to FIG. 2, an em-
bodiment of the fan shown generally at 10 includes a
supply of refrigerant fluid 12, which enters a rotary union
14, proceeds through an internal space 16 of atleastone
blade 18 and is discharged through nozzle 20.

[0047] The refrigerant fluid, which may be a cryogen
fluid such as liquid carbon dioxide (CO,), is delivered
from a remote source (not shown) through a pipe 11 or
conduit into the rotary union 14, the pipe 11 or conduit
being in communication with the internal space 16 such
that there is a flow of refrigerant fluid from the remote
source through the pipe 11 or conduit and rotary union
14 into the internal space 16 of blade 18 or blades.
[0048] Theblades 18 are engaged with the rotary union
14 such that the rotary union 14 remains stationary as
the blades 18 rotate. The internal space 16 may operate
as a conduit for the refrigerant fluid 12, or the internal
space 16 may be sized and shaped to receive a conduit
extending along the fan blade as shown. Such a conduit
would be in fluid communication with the pipe 11.
[0049] The nozzle 20 may be mounted to a tip of the
blade 18 and is in fluid communication with the internal
space 16 or conduit therein. The nozzle 20 may be a
supersonic nozzle and may have its discharge orifice at
a right angle with respect to the blade 18. Discharge
speeds from the supersonic nozzle may be up to about
Mach 3.
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[0050] As the refrigerant fluid 12 enters the blade 18,
it expands and performs work as it moves toward the
nozzle 20, forcing the blade 18 to rotate. The nozzle 20
also increases the velocity of the exiting refrigerant fluid
and further serves to increase the efficiency of the refrig-
erator.

[0051] Therefrigerant fluid 12, which may be CO,, can
be either a liquid or a gas as it passes through the blade
18, but upon discharge from the nozzle 20 it flashes into
a solid and a gas. In certain embodiments, the fan for
refrigerant fluid may additionally comprise one or more
blades which do not have the internal spaces 16 therein.
[0052] The blades 18 may be operationally connected
to or engaged with an electrical generator (not shown)
which will function as a mechanical break and will convert
the kinetic energy of the rotating blades into electrical
energy. Potential energy of the cryogenic fluid at high
pressure is converted into kinetic energy upon expansion
of the fluid for rotation or movement of the blades 18.
[0053] The kinetic energy of the moving blades 18 is
transferred out of the apparatus or process. As a result,
the cryogenic fluid becomes subcooled. Mechanical work
is done by the fluid, thereby reducing its energy state.
The blades, as part of a rotor assembly, may be connect-
ed to the electrical generator, via a shaft and gear box.
[0054] In certain embodiments, the shaft may be a low
speed shaft that turns a gear which is adapted to turn a
second gear connected to a high-speed shaft at a much
faster speed than the low-speed shaft turns. The high-
speed shaft turns a generator which is housed within a
structure which provides a magnetic field. As the gener-
ator turns, the magnetic field is altered, thereby generat-
ing electricity.

[0055] Referring still to FIG. 1, the fan apparatus 10
using the liquid cryogen will have the cryogen at different
levels of energy as it proceeds through the apparatus.
That is, when the liquid cryogen, such as the liquid CO,
or liquid N,, is introduced through the pipe 11 into the
union 14, the liquid cryogen hasits highestlevel of energy
at the region A.

[0056] This is because the liquid cryogen is under a
relatively high state of pressure and therefore the energy
is similarly at its highest level. As the liquid cryogen
moves to the blade 18 and into the internal space 16, the
liquid is subcooled as it performs work on the system
along the region B.

[0057] Along this path the potential energy of the fluid
sets the device in motion thereby creating kinetic energy
which is transferred out of the apparatus in the form of
work. As the liquid CO,, flows to the end of region B it has
experienced all possible energy transfer and is at its low-
est, energy state (subcooled).

[0058] As the CO, liquid passes along the region C
nozzles, because it was previously subcooled within the
apparatus, its conversion efficiency is now much higher
(higher percentage of CO, snow with less CO, gas)
which results in more refrigeration per unit mass of the
CO, for the freezing or chilling system it is installed on.
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Work is performed in region B to rotate the blade 18, such
that the CO, is exhausted from the region C at its lowest
pressure and lowest energy state.

[0059] Accordingly, electrical energy extracted from
the rotating blades 18 by the electrical generator can be
used directly or can be stored in energy storage devices
such as capacitors or batteries to provide electrical en-
ergy to the ancillary systems of the refrigeration appara-
tus or for other purposes. Under testing and load condi-
tions, a single fan 10 has been shown to generate in
excess of 1.5 horsepower (HP).

[0060] As a result, while the fans do not require elec-
trical energy in order to function, they can provide elec-
trical energy for other components of the refrigeration
apparatus which is converted from the potential energy
of the refrigerant fluid. Thus, a refrigeration apparatus
which is powered only by the refrigerant fluid may be
provided.

[0061] For example, but without limitation, the electri-
cal energy generated by the electrical generator may be
used to power exhaust fans, conveyor motors, control
panels, or other devices associated with the refrigeration
apparatus. The electrical energy may be used to power
devices or apparatus which are not part of the refrigera-
tion apparatus, or such energy may be sent to the local
electrical power grid.

[0062] Referring now to FIG. 3 and to FIG. 4, an em-
bodiment of snow injection device 30 includes a supply
of CO, refrigerant fluid 32 delivered in a pipe 33 or con-
duit, which enters a rotary union 34, proceeds through
the internal space 36 of disk 38 and is discharged through
the nozzles 40. For purposes of this embodiment, there
may be one or a plurality of the nozzles 40, but for sim-
plicity the at least one nozzle 40 is referred to in the plural.
[0063] The disk 38 is engaged with the rotary union 34
such that the rotary union 34 remains stationary as the
disk 38 rotates. The internal space 36 may operate as a
conduit for the CO,, refrigerant fluid 32 as shown, or the
internal space 36 may be sized and shaped to receive a
conduit or conduits extending along the disk.

[0064] The internal space 36 would be in fluid commu-
nication with the pipe 33. The nozzles 40 are mounted
to the periphery of the disk 38 and are in fluid communi-
cation with the internal space 36 or conduit therein. The
nozzles 40 may be supersonic nozzles and may have
discharge orifices at right angles with respect to the disk
38.

[0065] As the CO, refrigerant fluid 32 enters the disk
38, it expands and performs work as it moves toward the
nozzles 40. The nozzles 40 may increase the velocity of
the exiting refrigerant fluid and further serve to increase
the efficiency of the refrigeration apparatus. The CO, re-
frigerantfluid 32 can be either aliquid oragas asitpasses
through the disk 38, but upon discharge from the nozzles
40 it flashes into a solid and a gas.

[0066] As the CO, refrigerant fluid is discharged from
the nozzles 40 at a substantially tangential angle, the
disk 38 is caused to rotate. At least one of the nozzles



9 EP 2 884 206 A1 10

40 is used to rotate the disk 38. The regions A to C show
similar energy transfer as that discussed above with re-
spect to FIG. 1 and to FIG. 2. Work is performed in region
B to rotate the disk 38, such that the CO, is exhausted
fromthe region C atits lowest pressure and lowest energy
state.

[0067] An electrical generator (not shown) may be dis-
posed between the rotary union 34 and the disk 38, ac-
tuated by the rotation of the disk 38 as a rotor for the
generator. The disk 38 may be operationally connected
to or engaged with an electrical generator (not shown)
which will function as a mechanical brake and will convert
the kinetic energy of the rotating disk 38 into electrical
energy.

[0068] The disk 38, as part of a rotor assembly, may
be connected to the electrical generator, in a manner as
discussed with respect to the blades 18 in the embodi-
ments of FIG. 1 and of FIG. 2.

[0069] Referring now to FIG. 5, another embodiment
of a snow injection device 50 includes a supply of CO,
refrigerant fluid 52, which enters the rotary union 54
through a pipe 53, proceeds through the threaded con-
nection 56 and into the rotating element 58, where it flash-
es into a refrigerant discharge 62 of solid and gas.
[0070] The rotating element 58 may be a disk, cylinder
or the like, but any shape that permits uniform rotation
of the rotating element 58 may be employed. The refrig-
erant discharge 62 is exhausted into a chamber 55 de-
fined by a shroud 60, and is substantially slowed in the
chamber 55 so that a reduced or lower velocity snow 64
will be provided as the discharge exits the chamber 55.
[0071] The rotating element 58 is engaged with the ro-
tary union 54 such that the rotary union 54 remains sta-
tionary as the rotating element 58 rotates. The rotating
element 58 may include one or more nozzles 59 which
flash the refrigerant fluid into solid and gas.

[0072] The nozzle(s) 59 of the rotating element 58 may
be supersonic nozzles and may have discharge orifices
at right angles with respect to the body of the rotating
element 58.

[0073] The nozzle(s) 59 of the rotating element 58 also
increase the velocity of the exiting refrigerant fluid and
further serve to increase the efficiency of the refrigerator.
The CO, refrigerant fluid 52 can be either a liquid or a
gas as it passes through the rotating element 58, but
upon discharge from the rotating element 58 it flashes
into a solid and a gas.

[0074] As the CO, refrigerant fluid is discharged 62
from the rotating element 58 at a substantially tangential
angle with respect to the body of the rotating nozzle 59,
the rotating element 58 is caused to rotate. The regions
A to C show similar energy transfer as that discussed
above with respect to FIG. 1 and to FIG. 2. Work is per-
formed in region B to rotate the element 58, such that
the CO, is exhausted from the region C atits lowest pres-
sure and lowest energy state.

[0075] An electrical generator may be disposed be-
tween the rotary union 54 and the rotating element 58,
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actuated by the rotation of the rotating element 58 as a
rotor for the generator. The rotating element 58 may be
operationally connected to or engaged with an electrical
generator (not shown) which will function as a mechan-
ical brake and will convert the kinetic energy of the rotat-
ing element 58 into electrical energy.

[0076] The rotating element 58, as part of a rotor as-
sembly, may be connected to the electrical generator, as
discussed with respect to the embodiments of FIG. 3 and
of FIG. 4. The embodiments of FIG. 1 to FIG. 4 may be
substituted for the rotating element 58.

[0077] FIG. 6 shows an embodiment of the present re-
frigeration apparatus comprising a tunnel freezer 100
employing fans 106 such as those shown in FIG. 1 and
in FIG. 2. It will be understood that a single fan 106 may
be present in the tunnel freezer 100, and that the fan(s)
106 of the tunnel freezer 100 may be substituted on an
individual basis by snow injection devices, such as those
shown in FIG. 3 to FIG. 5.

[0078] The tunnel freezer 100 includes a housing 101
in which a freezing chamber 122 is provided and through
which a conveyor 114 powered by a conveyor motor 116
moves to transfer products such as food products
through the freezing chamber 122 of the tunnel freezer
100. Atleast onefan 106 is mounted in the freezing cham-
ber 122.

[0079] Each of the rotary unions 104 for a respective
fan 106 is in fluid communication with a refrigerant con-
duit 124 which carries the refrigerant fluid 102, such as
liquid CO, from a remote source (not shown). Each of
the rotary couplings 104 is in mechanical communication
with an electrical generator 108 which harvests the ki-
netic energy of the rotating fan 106 and converts it into
electrical energy.

[0080] The electrical generators 108 are in electrical
communication with an electrical conduit 110 which may
transfer the electrical energy, shown generally by arrows
111, generated by the electrical generators 108 to an
electricity storage means 112, such as a battery.
[0081] The electrical energy stored in the storage
means 112 may be used to provide electrical energy,
shown generally by arrows 113, to an exhaust fan 120,
the conveyor motor 116 as shown generally by arrow
115, and/or a control panel 118 as shown generally by
arrows 117. The control panel 118 may monitor the op-
eration of the tunnel freezer 100, including the electricity
generated by the fan/generator assemblies and the elec-
trical load stored by the storage means 112.

[0082] Another apparatus for converting the high en-
ergy state of the liquid cryogen (CO,) to a lower energy
state for refrigeration is shown in FIG. 7 to FIG. 9. Refer-
ring thereto, a turbine apparatus of the present embodi-
ments is shown generally at 200.

[0083] The turbine apparatus 200 includes a housing
210 having an internal space 212 therein and in which is
mounted an impeller 214 for rotational movement within
the space 212. The impeller 214 includes at least one
and for most applications a plurality of vanes 216, with
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the impeller 214 rotating about a shaft 218 disposed in
and extending through the housing 210. Bearings 224
support the shaft 218 for its rotational movement and
transfer of such action to the impeller 214.

[0084] The housing 210 includes an inlet 220 in com-
munication with the internal space 212, and an outlet 222
also in communication with the internal space.

[0085] Referring in particular to FIG. 9, the turbine ap-
paratus 200 is mounted for example to a roof 226 of a
freezer by a support member 228 which is also construct-
ed and arranged to supporta generator 230 in operational
proximity to the turbine apparatus 200.

[0086] Electrical conduits 232 are connected to the
generator 230 for providing electricity to any number of
ancillary components of the freezer or otherwise. The
apparatus 200 is mounted external to the freezer cham-
ber 238.

[0087] Aninlet pipe 233 is in fluid communication with
a source (not shown) of liquid CO, and the inlet 220 of
the apparatus 200, while an outlet pipe 234 is in fluid
communication with the outlet 222 of the apparatus. The
outlet pipe 234 extends through the freezer roof 226 into
a freezer chamber 238. The outlet pipe 234 is in fluid
communication with a manifold 236 which has at least
one or a plurality of nozzles 240 to provide a cryogen
spray or CO, snow.

[0088] In operation, liquid cryogen, such as CO,, is
introduced into the turbine apparatus 200. The liquid CO,
enters the turbine region A at a high energy state. As it
engages the blades of the turbine it enters the region B,
and in this region work is done by the refrigerant and
energy is transferred out of the device.

[0089] Referring again to the embodiment at FIG. 7,
the CO, in region B is at a pressure and an energy state
lower than it was in region A. In this stage, the liquid CO,
is subcooled (enthalpy reduced) as work is done by the
fluid.

[0090] Atregion C the fluid leaves the turbine at a lower
energy state than region A and travels into the piping
system of the freezer where it can be injected into the
freezing chamber. Due to the construction of the internal
space 212 and the vanes 216, work is being performed
along an entire path of region B in the internal space 212.

Example

[0091] As mentioned above, a single fan 10 has been
shown to generate in excess of 1.5 horsepower (HP).
The 1.5 HP is equivalent to 3,818 BTU/hr. With a flow
rate of 166 Ibs of CO, per hour being passed through the
apparatus during the test, CO, liquid at this flow rate will
normally result in a 166 Ibs/hr x 121 BTU/Ibs = 20,086
BTU/hr.

[0092] The amount of energy removed in the process
to power the fan is 3,818 BTU/hr (1.5 horsepower (HP)
= 3,818 BTU/hr). This energy is removed from the cryo-
genic fluid (CO,), thereby now producing 23,904 BTU/hr
of refrigeration versus the 20,086 BTU/hr without the fan
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for a total increase of nineteen percent in refrigeration,
with the added benefit of no electricity required to power
the fan.

[0093] For all the inventive embodiments of FIG. 1 to
FIG. 9, the transition of the liquid CO, from region B to
region C causes the CO, snow to be exhausted from the
region C at its lowest pressure and energy state.
[0094] In effect, the present inventive embodiments
provide an energy conversion apparatus (for example,
fan, turbine) for an intermittent step of doing mechanical
work with high pressure cryogen before same is injected
into a freezer chamber 238. The power generated from
the generator 230 can be used to power ancillary equip-
ment or other equipment of the freezer.

[0095] The high energy state of the liquid cryogen is
reduced prior to it being introduced into the freezing
chamber 238 at which point the liquid cryogen now pro-
duces an increased amount of CO, snow which is in a
phase that provides a higher heat transfer rate for any
product, such as food products, when the snow comes
in contact with in the freezer. The turbine apparatus 200
may be used with or substituted for the rotary unions 104,
fans 106 and generator 108 of the tunnel freezer 100 in
FIG. 6.

[0096] The refrigerantfluid referred toin the above tun-
nel freezer and fan embodiments may be CO, which may
be either in liquid or gas form, or a mixture thereof.
[0097] When liquid CO, is used as the refrigerant fluid,
the fan and disk embodiments discussed above may sub-
cool the liquid CO, before it is discharged from the fan.
This subcooling results in a reduction in the energy state
of the CO,, which increases the solid to gas proportion
of the CO, when it is discharged from the nozzle(s) of
the fan or disk.

[0098] It has been shown that the solid proportion of
CO, discharged from the present fan embodiments may
be from about 52 percent to about 57 percent, whereas
traditional, stationary injection devices typically realize a
solid proportion of from about 47 percent to about 48
percent.

[0099] Without wishing to be limited by theory, it is be-
lieved that when using traditional, stationary injection de-
vices, much of the potential energy contained in the liquid
CO, is converted into heat, which provides about 47 per-
cent to about 48 percent solid CO, upon flashing into a
lower pressure volume.

[0100] When utilizing the present fan embodiments,
energy is removed from the liquid CO, in order to perform
work to rotate the devices.

[0101] This results in subcooling of the liquid CO,
which is accompanied by a decrease in temperature. Be-
cause the temperature of the liquid CO, is lower, about
52 percent to about 57 percent solid CO, is produced
upon flashing. Additionally, the energy produced by the
rotation of the present fans may be utilized for other pur-
poses.

[0102] An increased proportion of solid created by the
present fans increases the efficiency of a refrigeration
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system in which the fans are used, because the solid
CO, provides better heat transfer than does the gaseous
CO,.

[0103] Therefore, a self-powered refrigeration appara-
tus is provided, comprising a refrigeration chamber and
at least one fan, comprising at least one blade having an
internal space therein through which a refrigerant fluid
passes; at least one nozzle in fluid communication with
the internal space within each of the at least one blade,
wherein the atleast one nozzle discharges the refrigerant
fluid into the refrigeration chamber at a velocity sufficient
to rotate the at least one blade; and an electrical gener-
ator operationally connected to the plurality of blades.
[0104] Alternatively, the fan may comprise a plurality
of blades.

[0105] Alsoprovidedis aself-powered refrigeration ap-
paratus, comprising a refrigeration chamber and at least
one snow injection device, comprising a disk having an
internal space therein through which a CO, refrigerant
fluid passes; at least one nozzle in communication with
the internal space within the disk which discharges the
CO, refrigerant fluid from the disk at a velocity sufficient
to rotate the disk, the at least one nozzle being adapted
to flash the CO, refrigerant fluid into gas and solid phases
and eject the gas and solid phases into the refrigeration
chamber; and an electrical generator operationally con-
nected to the disk.

[0106] Alternatively, the snow injection device may
comprise a plurality of nozzles.

[0107] It will be understood that the embodiments de-
scribed herein are merely exemplary and that a person
skilled in the art may make many variations and modifi-
cations without departing from the spirit and scope of the
present invention. All such variations and modifications
are intended to be included within the present embodi-
ments as described and claimed herein. It should be un-
derstood that the embodiments described above are not
only in the alternative, but may be combined.

List of reference numerals
[0108]

10 fan or fan apparatus

11 conduit or pipe

12 refrigerant fluid, in particular carbon dioxide
(CO,) orhydrogen (N,), forexample liquid carbon
dioxide (CO,) or liquid hydrogen (N,)

14 rotary coupling or rotary union

16 internal space of blade 18

18 blade, in particular rotating blade

20 nozzle, in particular supersonic nozzle, of blade
18

30 snow injection device

32 refrigerant fluid, in particular carbon dioxide
(CO,) orhydrogen (N,), for example liquid carbon
dioxide (CO,) or liquid hydrogen (N,)

33 conduit or pipe
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34
36
38
40
50
52

53
54
55
56
58
59

60
62

64

100
101
102

104
106
108
110
111
112
113
114
115
116
117
118
122
124

200
210
212
214
216
218
220
222
224
226
228
230
232
233
234
236
238
240

14

rotary coupling or rotary union

internal space of disk 38

disk, in particular rotating disk

nozzle, in particular supersonic nozzle, of disk 38
snow injection device

refrigerant fluid, in particular carbon dioxide
(CO,) orhydrogen (N,), for example liquid carbon
dioxide (CO,) or liquid hydrogen (N,)

conduit or pipe

rotary coupling or rotary union

chamber

threaded connection

rotating element, in particular disk or cylinder
nozzle, in particular supersonic nozzle, of rotating
element 58

shroud

refrigerant discharge, in particular of solid and/or
of gas

reduced or lower velocity snow

tunnel freezer

housing

refrigerant fluid, in particular carbon dioxide
(CO,) orhydrogen (N,), for example liquid carbon
dioxide (CO,) or liquid hydrogen (N,)

rotary coupling or rotary union

fan

generator, in particular electrical generator
electrical conduit

electrical energy to electricity storage means 112
electricity storage means, in particular battery
electrical energy to exhaust fan 120

conveyor

electrical energy to motor 116

motor of conveyor 114

electrical energy to control panel 118

control panel

freezing chamber of tunnel freezer 100

conduit or pipe, in particular refrigerant conduit
or refrigerant pipe

turbine apparatus

housing

internal space

impeller

vane

shaft

inlet of turbine apparatus 200

outlet of turbine apparatus 200

bearings

roof, in particular freezer roof

support member

generator

electrical conduit

inlet pipe

outlet pipe

manifold with nozzle(s) 240

chamber, in particular freezer chamber

nozzle

first region
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second region
third region

Claims

An energy conversion apparatus (100) for a freezer,
comprising:

- at least one housing (101) having a first region
(A) therein for receiving liquid carbon dioxide
(CO,) at a first pressure and at a first energy
state for providing potential energy;

- atleast one movable member (10; 38; 58; 200)
rotatably mounted to the housing (101;210) and
having a second region (B) in fluid communica-
tion with the first region (A), the second region
(B) constructed to receive the liquid carbon di-
oxide (CO,) for changing to a second pressure
less than the first pressure, and a second energy
state less than the first energy state for providing
kinetic energy from which mechanical work is
provided to rotate the movable member (10; 38;
58; 200); and

- at least one discharge member (20; 40; 59;
240) connected to the movable member (10; 38;
58; 200) and having a third region (C) in fluid
communication with the second region (B), the
third region (C) continuing the mechanical work
when exhausting the liquid carbon dioxide (CO,)
at a third pressure less than the second pres-
sure, and at a third energy state less than the
second energy state such that the liquid carbon
dioxide (CO,) is changed to a carbon dioxide
(CO,) snow.

The apparatus according to claim 1, wherein the
movable member is selected from the group consist-
ing of at least one fan (10), at least one disk (38), at
least one cylinder (58) and at least one turbine (200).

The apparatus according to claim 1 or 2, wherein the
movable member comprises at least one internal
space (16; 36; 56; 212) interconnecting the first re-
gion (A) and the second region (B) for providing the
fluid communication.

The apparatus according to at least one of claims 1
to 3, wherein the discharge member comprises at
least one nozzle (20; 40; 59; 240).

The apparatus according to at least one of claims 1
to 4, wherein at least one freezing chamber (122;
238) for freezing at least one product is disposed
within the freezer.

The apparatus according to claim 5, wherein the
product is at least one food product.
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10.

1.

12.

13.

14.

15.

The apparatus according to claim 5 or 6, wherein the
movable member (10; 38; 58; 200) is disposed in the
freezing chamber (122; 238).

The apparatus according to at least one of claims 1
to 7, wherein the discharge member (20; 40; 59; 240)
comprises at least one outlet pipe (234) in fluid com-
munication with the freezing chamber (122; 238) in
which the carbon dioxide (CO,) snow is provided.

The apparatus according to at least one of claims 1
to 8, wherein the movable member (10; 38; 58; 200)
is disposed external to the freezing chamber (122;
238).

The apparatus according to at least one of claims 1
to 9, further comprising at least one generator (108;
230) electrically connected to the movable member
(10; 38; 58; 200) for receiving the kinetic energy.

A method of energy conversion for a freezer, com-
prising:

- providing liquid carbon dioxide (CO,) at a first
pressure and at a first energy state to a first re-
gion (A) for providing potential energy;

- expanding the liquid carbon dioxide (CO,) to
a second pressure less than the first pressure,
and to a second energy state less than the first
energy state in a second region (B) in fluid com-
munication with the first region (A) for providing
kinetic energy for performing mechanical work
in the second region (B); and

- exhausting the liquid carbon dioxide (CO,) as
a carbon dioxide (CO,) snow at a third pressure
less than the second pressure, and at a third
energy state less than the second energy state
from a third region (C) in fluid communication
with the second region (B).

The method according to claim 11, wherein the pro-
viding the kinetic energy and the expanding the liquid
carbon dioxide (CO,) occur external to the freezer.

The method according to claim 11 or 12, further com-
prising generating electricity from the mechanical
work of the expanding of the liquid carbon dioxide
(COy).

The method according to at least one of claims 11
to 13, wherein the third region (C) comprises at least
one discharge member (20; 40; 59; 240), in particular
at least one nozzle.

The method according to at least one of claims 11
to 14, wherein at least one product, in particular at
least one food product, is frozen by the freezer.
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