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DESCRIPTION

Technical field of the present invention

[0001] The present invention relates to an apparatus and a process / method for the
impingement cooling or freezing of products (cf. WO 2004/018945 A2), in particular of
irregularly shaped products. US 6,434,950 discloses an apparatus for the chilling or freezing of
items, in particular of food items.

Technological background of the present invention

[0002] Commercial freezers typically rely on the transfer of heat from a product that is to be
chilled or frozen by one of two methods: convection from gaseous, liquid or solid coolants,
such as cryogen, fed through a system of axial tubes or nozzles and fans, or high pressure
impingement of the coolant or cryogen. High pressure impingement is very useful for
transferring heat through the boundary layer around thin, flat products with a high surface area
to weight ratio.

[0003] In certain embodiments, the coolant or cryogen may comprise nitrogen or carbon
dioxide. The term "cryogen” is used herein similarly to the term "coolant”, and is not intended
to necessarily be limited to materials which have a purely cryogenic effect, although that
meaning is intended to be included in the use of "cryogen”. The term "coolant" as used herein
means any material which provides a cooling effect to a product.

[0004] The total heat transfer rates are dependent on local heat transfer coefficients. That is,
the amount of heat transferred from the products to the cryogen is dependent on the rate of
heat transfer locally between the cryogen and the product.

[0005] The heat transfer resulting in the cooling or freezing of the products results generally
from the impingement of a stream of cryogenic vapour or liquid on the product. Additional heat
transfer may also be achieved by spraying or mixing liquid or solid cryogen into the
impingement streams of cryogen.

[0006] Many commercial freezers rely on the transfer of heat from a product that is to be
chilled or frozen by using an axial fan or blower. Typically, the fan or blower is situated near a
conveyor belt upon which the product is being carried.

[0007] The product entering the freezer has a boundary layer of gas surrounding it which
insulates the product from the surrounding atmosphere. Traditional freezers have employed
blowers that generate currents of cooling vapour in many directions.
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[0008] However, a significant portion of the cooling vapour does not contact the product in a
perpendicular direction. Under these conditions, the cooling vapour which does contact the
product often does not possess sufficient energy to substantially reduce the thickness of the
boundary layer around the surface of the food product.

[0009] When axial tubes or nozzles and fans are used, the process suffers from a low heat
transfer coefficient between the product and cryogen. Further, due to the poor heat transfer,
more and colder cryogen must be blown across the product, potentially leading to the buildup
of condensation in the form of snow or ice in the tubes or nozzles. And, an unnecessary
increase in cryogen use without increased benefit will reduce the cost-effectiveness of the
known process.

[0010] Increasing the velocity of the stream of cooling vapour (or cryogen) which impinges the
food item will increase the average heat transfer coefficient in a linear manner. At a certain
point, however, unless the impingement stream of cooling vapor is carefully controlled, the
velocity may also damage the product, or carry the product off the conveyor and into
undesirable locations elsewhere in the freezer.

[0011] In other freezers, products are frozen or cooled within a housing chamber having a
cryogen supply, and a conveyor extending into the chamber for transporting the food products
on the conveyor; the chamber containing at least one impingement hood disposed above the
conveyor; and the impingement hood including a shell supporting an impinger containing
openings.

[0012] Gas and solid or liquid cryogen are mixed within the impingement hood, the mixture of
gas and cryogen are directed to the impinger, and impingement jets of the mixture are directed
through the impingement plate toward the products transported on the conveyor.

[0013] The transfer of heat from products, such as a food product, to a cryogen may be
accomplished with the use of an impingement hood by which solid or liquid cryogen is sprayed
into gas (such as carbon dioxide or nitrogen) circulated at the item or food product while using
an impinger, such as an impingement plate, to create a stream of cryogen.

[0014] The design of the device increases the heat transferred from the product to the
cryogen. The cryogen, for example solid carbon dioxide snow or liquid nitrogen, is introduced
into an impinging flow of gas, wherein heat transfer occurs with respect to the gas and the
product, to cool the product during impingement.

[0015] The use of the impingement hood provides consistent cooling and/or freezing of the
product items across the width of the conveyor upon which the product travels through the
freezer. The impingement hood provides for an increased coolant pressure at the area of the
conveyer along which the products travel for freezing or cooling.

[0016] The impingement hood may further result in the reduction of dehydration of the
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product, which is accomplished through the immediate freezing of the exterior of the product
upon entry into the apparatus.

[0017] Alternatively, the transfer of heat from a product, such as a food product, to a cryogen
may be accomplished with the use of sequential modules. Modularity enables an arrangement
to meet specific freezing requirements for various products. An entrance module has liquid
cryogen piping and sprayer(s) which enable a stream of liquid cryogen to be sprayed into the
jet of gaseous cryogen circulating within the module and toward the conveyor and product.

[0018] The conveyor may be an open mesh or have open links to provide access to the
product from below.

[0019] Each module contains at least one impinger which enables jets of cryogenic gas to
impinge the upper and/or lower surfaces of the food items. The impinger may be an
impingement plate having a specific configuration of stamped or chamfered holes.

[0020] The sprayer(s) may comprise a plurality of full cone low flow rate spray nozzles. The
use of this configuration enables a rapid heat transfer from the exterior of the product resulting
in rapid cooling and/or crust freezing of product upon entering the series of modules and
decreases any dehydration of the product.

[0021] A series of intermediate modules may be in array with the entrance module before
reaching the exit module. Intermediate and exit modules may comprise a similar system of
piping, impinger, sprayer, and nozzle, but enable a certain length of freezing time depending
on the conveyor speed or throughput of product required and the amount of time such product
needs to be in the cryogenic environment to reach a desired goal. The modularity of the
freezer provides for any variation in these parameters.

[0022] While high pressure impingement is very useful for thin, flat products with a high
surface area to weight ratio, its advantage in the ability to transfer heat through the boundary
layer around such a product is less useful for irregularly shaped products.

[0023] Further, when high pressure impingement is used for irregularly shaped products, such
as individually quick frozen (IQF) food products, the velocity of cryogen may be sufficient to
damage the product and/or carry the product off of the conveyor within the impingement
freezer and into undesirable locations within the freezer.

[0024] IQF food products are smaller, more irregular solid pieces of food such as, without
limitation, peas, shrimp, cut beans, cauliflower pieces, poultry portions, or meat chunks,
typically from about 0.63 centimeters (0.25 inches) to about 1.9 centimeters (0.75 inches) in
cross sectional area, and in chunks or cubes.

[0025] What is needed, therefore, is a method and apparatus for impingement freezing, which
will provide more efficient heat transfer than the use of axial tubes or nozzles and fans, and
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which will not damage irregularly shaped products or displace the products from processing
lines as may occur with the use of high pressure impingement chilling methods.

Disclosure of the present invention: object, solution, advantages

[0026] Starting from the disadvantages and shortcomings as described above as well as taking
the prior art as discussed into account, an object of the present invention is to overcome the
limitations and problems that earlier apparatus and processes / methods have experienced.

[0027] This object is accomplished by an apparatus comprising the features of claim 1 as well
as by a process comprising the features of claim 7 8as well as by a method comprising the
features of claim 12.

[0028] Advantageous embodiments, expedient improvements and other optional features of
the present invention are set forth herein and disclosed in the respective dependent claims.

[0029] The present invention basically provides for an apparatus and a process / method for
impingement freezing of products, in particular including individually quick frozen (IQF) food
items, for example of irregular shape.

[0030] Provided is an impinger for cooling or freezing products in which the product is
transported or conveyed on a conveyor, such as a belt or other moving substrate, comprising
an impingement plate containing openings for directing impingement jets of a mixture of gas
and solid or liquid cryogen toward the products transported on a conveyor, wherein the
openings comprise an open area of seven percent to twelve percent of the total surface area
of the impingement plate, and wherein the impingement plate provides a back pressure
restriction in a circulation path of the mixture of 220 Pa to 475 Pa (0.9 inches to 1.9 inches of
water column).

[0031] According to an advantageous embodiment of the present invention, the impingement
plate may provide a back pressure restriction in a circulation path of the mixture of 270 Pa to
475 Pa.

[0032] In an expedient embodiment of the present invention, an impingement velocity of the
mixture through the openings may be about 13.7 meters per second to about 17.8 meters per
second, and more particularly about 16.2 meters per second to about 17.8 meters per second.

[0033] According to a favoured embodiment of the present invention, a cross-sectional area of

the openings may be within a range of about 2.8 cm? to about 20.5 cm?.

[0034] In a preferred embodiment of the present invention, each of the openings may be a
substantially circular hole having a diameter in a range of about 1.9 cm to about 5.1 cm, and
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more particularly in a range of about 2.5 cm to about 3.8 cm.

[0035] According to an advantageous embodiment of the present invention, the openings may
be punched holes or chamfered holes.

[0036] In an expedient embodiment of the present invention, a vibrator mounted for co-action
with the impingement plate may be further provided.

[0037] Also provided is a process for cooling or freezing products within a housing chamber
comprising: transporting the products on a moving substrate within the chamber; mixing a gas
with solid or liquid cryogen to form a mixture; directing the mixture of gas and solid or liquid
cryogen to an impinger, the impinger comprising an impingement plate containing openings for
providing pressurized impingement jets of the mixture, wherein the openings comprise an open
area of seven percent to twelve percent of the total surface area of the impingement plate and
wherein the impingement plate provides a back pressure restriction in a circulation path of the
mixture of 220 Pa to 475 Pa (0.9 inches to 1.9 inches of water column); and selectively
directing the pressurized impingement jets of the mixture from the impingement plate toward
the products transported on the substrate.

[0038] According to a favoured embodiment of the present invention, the products may
comprise individually quick frozen (IQF) products, in particular IQF food products.

[0039] In a preferred embodiment of the present invention, an impingement jet velocity of the
mixture through the openings may be about 13.7 meters per second to about 17.8 meters per
second, and more particularly about 16.2 meters per second to about 17.8 meters per second.

[0040] According to an advantageous embodiment of the present invention, a cross-sectional

area of the openings may be within a range of about 2.8 cm? to about 20.5 cm?.

[0041] In an expedient embodiment of the present invention, each of the openings may be a
substantially circular hole having a diameter in a range of about 1.9 cm to about 5.1 cm, and
more particularly in a range of about 2.5 cm to about 3.8 cm.

[0042] According to the present invention, said mixing of the gas with solid or liquid cryogen
occurs at least partially within an at least partially enclosed impingement hood above the
substrate, the impingement hood comprising a shell supporting the impinger, the shell being
adapted to accommodate a gas circulation device for directing the mixture of gas and solid or
liquid cryogen to the impinger.

[0043] In a preferred embodiment of the present invention, the housing chamber may
comprise a plurality of attached modular enclosures; the process including spraying liquid
cryogen in at least one enclosure near the products to form the mixture; circulating the mixture
from a low pressure area to create a high pressure area above and below the substrate in
each enclosure; directing the mixture through the impinger impingement plate to generate the
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impingement jets in each enclosure; impinging the products with the impingement jets in each
enclosure; and recirculating the mixture to the low pressure area in each enclosure.

[0044] According to an advantageous embodiment of the present invention, re-circulating the
mixture of gas and the cryogen into the impinger after impingement onto the products may be
further comprised.

[0045] Also provided is a method for increasing heat transfer to individually quick frozen (IQF)
products, more particularly to IQF food products, in an impingement freezer, comprising at
least one of installing and retrofitting the impinger of the above-mentioned type as at least one
impinger in the freezer.

Brief description of the drawings

[0046] For a more complete understanding of the present embodiment disclosures and as
already discussed 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 8; further improvements, features
and advantages of the present invention are explained below in more detail with reference to
particular and preferred embodiments by way of nonlimiting example and to the appended
drawing figures taken in conjunction with the following description of exemplary embodiments,
of which:

FIG. 1
is an elevational, lateral, cross sectional view of an impinger in an impingement hood
freezer embodiment;

FIG. 2
is a top, plan view of an impingement plate for use in the impinger of FIG. 1;

FIG. 3
is a side, cross sectional view of a chamfered opening in the plate of FIG. 2;

FIG. 4
is an elevational, partially cross sectional view of a sequence of modules in a modular-
type freezer embodiment;

FIG. 5
is an elevational, cross sectional end view of a single module in the freezer of FIG. 4,
having an impinger; and

FIG. 6
is an elevational, cross sectional cutaway view of a portion of a single intermediate
module, having an impinger above and below the conveyor.

[0047] The accompanying drawings are included to provide a further understanding of the
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apparatus and method provided herein and are incorporated in and constitute a part of this
specification. The drawings illustrate embodiments of the apparatus and method provided
herein and, together with the description, serve to explain the principles described herein but
are not intended to limit any of the claims. In the accompanying drawings, like equipment is
labelled with the same reference numerals throughout the description of FIG. 1 to FIG. 6.

Detailed description of the drawings;

best way of embodying the present invention

[0048] The present embodiments are directed to an impinger for cooling and/or freezing
products, particularly irregularly shaped products, in which the product is conveyed on a
conveyor, such as a belt, mesh, screen, or other moving substrate, the impinger comprising an
impingement plate with openings for directing impingement jets of a mixture of gas and solid or
liquid cryogen toward and/or onto the product transported on the conveyor, wherein the
openings are about seven percent to about twelve percent of the surface area of the
impingement plate. The impingement plate provides a back pressure restriction in a circulation
path of the mixture of gas and cryogen of about 220 Pa to about 475 Pa (about 0.9 inches to
about 1.9 inches of water column).

[0049] As the openings comprise a larger percentage of the surface area of the impingement
plate as compared to conventional impingers, the velocity of gas/cryogen mixture decreases,
but the area coverage of the mixture is greater. The decrease in velocity of mixture prevents
the impinger from displacing (by blowing for example) product off of the conveyor, and also
results in better, more uniform distribution of flow over a product, resulting in improved heat
transfer.

[0050] The open area and size of the holes or apertures the impingement plate may range

from about 2.8 cm? to about 20.5 cm? (about 0.44 in? to about 3.15 in?). In certain
embodiments, all holes in the impingement plate may be of uniform size; in other
embodiments, sizes may vary within the stated range. Such holes or apertures result in the
impingement plate providing a back pressure restriction in a circulation path of the mixture of
gas and solid or liquid cryogen of about 220 Pa to about 475 Pa (about 0.9 inches to about 1.9
inches of water column).

[0051] In some embodiments, the back pressure restriction in a circulation path of the mixture
of gas and solid or liquid cryogen may be from about 270 Pa to about 475 Pa (about 1.1 inches
to about 1.9 inches of water column). This results in an impingement velocity of the mixture of
gas and solid or liquid cryogen through the openings of about 13.7 meters per second to about
17.8 meters per second (about 2700 feet per minute to about 3500 feet per minute), or in
some embodiments, from about 16.2 meters per second to about 17.8 meters per second
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(about 3200 feet per minute to about 3500 feet per minute).

[0052] The openings (the holes or apertures) may be, without limitation, of a substantially
circular shape. Alternatively, the holes or apertures may be polygonal, hexagonal, octagonal,
regular, or irregular in shape, such as necessary to provide the desired jet velocity and
therefore, heat transfer without damage to the product. The openings may be, without
limitation, stamped into the impingement plates or chamfered.

[0053] A stamped or less substantially circular opening generally results in more turbulent flow
of the mixture than that of a chamfered and/or more substantially circular opening, which
decreases efficiency of the heat transfer for larger products, but increases the uniformity of
heat transfer for smaller products, such as, without limitation, about 0.25 inches to about 0.75
inches (about 0.6 cm to about 2 cm) sized chunks or cubes.

[0054] The distance between the impingement plate and product on the conveyor may be from
about 1 inch to about 5 inches (about 2.5 cm to about 12.7 cm), and in some embodiments,
from about 3 inches to about 4 inches (about 7.6 cm to about 10.2 cm). The distance from the
bottom of the impinger to the food product, and the arrangement of the hole pattern on the
impingement plate is designed to increase the total heat transfer rate.

[0055] The mixture of gas and cryogen may be recirculated after initial impingement in order to
more efficiently transfer heat from the product relative to the amount of mixture used, with any
means for recirculation known in the art.

[0056] The impingement plate may also be provided with a vibrator or another "deicing"
device. The vibrator may be of the electrical variety, however, in one embodiment the vibrator
may be a ball valve pneumatically actuated by compressed nitrogen or carbon dioxide gas
supplied through conduits at about 414 kPa (about 60 psi).

[0057] The vibrations provided by the vibrator prevent snow and ice from building-up or
accumulating on the impingement plate. Furthermore, the frequency and time intervals of the
vibrations provided by the vibrator may vary depending on the process conditions including the
moisture content of the food product, the humidity of the ambient air in and outside the freezer
and the temperature of the freezer.

[0058] The present embodiments are further directed to a process for cooling or freezing
products within a chamber including transporting the products on a moving substrate within the
chamber, mixing a gas with solid or liquid cryogen to form a mixture, and directing the mixture
of gas and solid or liquid cryogen to an impinger, wherein the impinger comprises an
impingement plate with openings for providing pressurized impingement jets of the mixture
toward the product.

[0059] The openings of the impingement plate are about seven percent to about twelve
percent of the total surface area of the plate, and the plate provides a back pressure restriction
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in a circulation path of about 220 Pa to about 475 Pa (about 0.9 inch to about 1.9 inches of
water column). The products may be, without limitation, individually quick frozen (IQF) food
products, described above.

[0060] The method of transferring heat from a product, such as a food product, to a cryogen
may be accomplished with the use of an impingement hood by which solid or liquid cryogen is
sprayed into gas (such as carbon dioxide or nitrogen) circulated to contact the item or food
product while using an impinger, such as an impingement plate, to create a stream of cryogen.
The design and configuration of the impingement plate as described herein increases the heat
transferred from the product to the cryogen.

[0061] The cryogen, for example solid carbon dioxide snow or liquid nitrogen, is introduced
into an impinging flow of gas, wherein heat transfer occurs with respect to the gas, cryogen,
and the product, to cool the product during impingement. The hood may comprise a shell
supporting the impinger, the shell optionally being adapted to accommodate a gas circulation
device for directing the mixture of gas and solid or liquid cryogen to the impinger.

[0062] Before explaining the inventive embodiments in detail, it is to be understood that the
present invention is not limited in its application to the details of construction and arrangement
of parts illustrated in the accompanying drawings, since the present invention is capable of
other embodiments and 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.

[0063] In the description above and below, terms such as horizontal, upright, vertical, above,
below, beneath and the like, are used solely for the purpose of clarity illustrating the present
invention and should not be taken as words of limitation. The drawings are for the purpose of
illustrating the present invention and are not intended to be to scale.

[0064] In particular and referring to FIG. 1, there is shown a freezer embodiment including an
impingement hood 25, and which may include a conveyor 13, impinger 16 including an
impingement plate 37, shell 19, impeller 22, and at least a partial enclosure 28 or housing.

[0065] The embodiment may include a motor 31 that drives the impeller 22 in order to direct a
cryogen mixture 34 through the impinger 16 toward and/or onto products 40 being transported
on the conveyor 13. The impeller 22 also collects the mixture 34 for recirculation, in order to
ensure efficient use of the mixture 34.

[0066] Alternatively, as shown in FIG. 4 and in FIG. 5, the transfer of heat from products, such
as food products, to a cryogen may be accomplished with the use of sequential modules.
Modularity enables an arrangement to meet specific freezing requirements for various
products. An entrance module 70 has liquid cryogen piping 64 and sprayer 67 which enable a
stream of liquid cryogen to be sprayed into the jet of gaseous cryogen circulating within the
module and toward and/or onto the conveyor 13 and its carried product.
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[0067] Each module may contain an impinger 16 which enables jets of cryogenic gas to
impinge the upper and/or lower surfaces of the food items. The impinger 16 may be a plate
having a specific configuration of rounded or chamfered holes. A sprayer 67 is provided in one
or more modules in order to entrain droplets of liquid cryogen in the jets of cryogenic gas.

[0068] FIG. 4 and FIG. 5 show lengthwise (FIG. 4) and side (FIG. 5) views of an embodiment
having a modular configuration:

FIG. 4 shows the embodiment wherein multiple modules are in sequence. This modular
embodiment comprises a conveyor 13, impinger 16 comprising an impingement plate 37
(shown in more detail in FIG. 2), and an impeller 22. A motor 31 drives the impeller 22 to force
the cryogen mixture 34 through the impinger 16 comprising the impingement plate 37, toward
product on the conveyor 13.

[0069] Impeller 22 of entrance module 70 is in fluid communication with intake cone 76 and
low pressure plenum 90 and generates a flow of cryogen out of the exit 86 to be circulated as
a flow of cryogenic vapour around the interior of the module in accordance with the flow
patterns of the mixture 34 represented by arrows in FIG. 5. The cryogenic vapour flows from
exit 86 past sprayer 67 entraining liquid cryogen into the stream and through impinger 16,
thereby impinging cryogen on items on conveyor 13.

[0070] A high pressure flow of the cryogen and gas mixture enters high pressure plenum 88
and the impinger 16 (which comprises the top of high pressure plenum 88 below the conveyor
13) and flows under and through the impinger 16 which provides impingement jets on the
underside of the open structure conveyor 13 and product on the conveyor 13. The warmed
gas flows to the low pressure plenum 90, separated in part by baffle 47 from high pressure
plenum 88, and is taken up by impeller 22 through the intake cone 76.

[0071] In certain embodiments, a series of intermediate modules may be in array or nested
together with the entrance module 70 before reaching an exit module 21. Still referring to FIG.
4, the intermediate 20 and exit 21 modules may comprise a similar system of piping, sprayer,
and impinger 16, and enable a certain length of freezing time depending on the conveyor 13
speed or throughput of product required and the amount of time such product needs to be in
the cryogenic environment to reach a desired temperature.

[0072] The modularity of the freezer provides for any variation in these parameters. Further,
modularity allows for local recirculation by allowing recirculation of cryogen to a low pressure
area of an individual module for uptake by the impeller 22 through the intake cone 76.

[0073] FIG. 6 is an elevational, cross sectional cutaway view of the intermediate module 20
taken through line A-A of FIG. 4. An impeller 22 powered by motor 31, mounted on top plate 8

as shown in FIG. 5, circulates the cryogen mixture 34 according to the arrows shown in FIG. 6.

[0074] Impingers comprising impingement plates 37, positioned above and below conveyor 13,
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increase the velocity of the gas to generate impingement jets of the cryogen mixture 34 toward
product 40 on the conveyor 13, as the mixture passes from the high pressure plenum 88 to the
low pressure plenum 90 within the module.

[0075] Referring back to FIG. 2 and to FIG. 3, FIG. 2 is a top view of the impingement plate
37. The impingement plate 37 comprises openings 46, each opening having a diameter 49.
Openings 46 are spaced apart by radial pitch 52, axial pitch 55, and may have a pattern repeat
50. The open area and size of the openings 46 (holes or apertures) on the impingement plate

37 may range from about 2.8 cm? to about 20.5 cm? (about 0.44 in2 to about 3.15 in?).

[0076] Such holes or apertures result in the method providing the mixture 34 of gas and solid
or liquid cryogen for heat transfer at a velocity of about 13.7 meters per second to about 17.8
meters per second (about 2700 feet per minute to about 3500 feet per minute), or in some
embodiments, from about 16.2 meters per second to about 17.8 meters per second (about
3200 feet per minute to about 3500 feet per minute).

[0077] According to this method, the impingement plate 37 provides a back pressure
restriction or pressure drop of about 220 Pa to about 475 Pa (about 0.9 inches to about 1.9
inches of water column), or in some embodiments, the back pressure restriction in a circulation
path of the mixture 34 of gas and solid or liquid cryogen may be from about 270 Pa to about
475 Pa (about 1.1 inches to about 1.9 inches of water column).

[0078] FIG. 3 is a view of a chamfered opening 46. Opening 46 has a diameter 49. The
chamfer comprises an outer diameter 58 and longitudinal length 61. The chamfer increases
flow efficiency, which in some embodiments may not be desired, as it may focus the flow of
cryogen onto the surface of the product. Embodiments without chamfer are also useful as the
non-chamfered openings tend to diffuse cryogen flow.

[0079] In certain embodiments, the mixture of gas and cryogen may be recirculated after initial
impingement in order to more efficiently transfer heat from the product relative to the amount
of mixture, using any means for recirculation known in the art, such as the impeller shown in
FIG. 1,in FIG. 4, and in FIG. 5.

[0080] The following examples are set forth merely to further illustrate the subject of a method
and apparatus for impingement freezing of irregularly shaped products. The illustrative
examples should not be construed as limiting the subject matter in any manner.

Example 1

[0081] An embodiment was tested wherein the radial pitch 52 of the holes 46 in a 22 gauge
stainless steel impingement plate 37 was about 4 inches (about 10.1 cm), the axial pitch 55
was about 4.4 inches (about 11.2 cm), the diameter 49 of each hole 46 was about 1.5 inches
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(about 3.8 cm), and the impingement plate 37 comprised approximately ten percent open area
from the aggregate of the holes 46.

[0082] Cryogen mixture 34 was applied to individually quick frozen (IQF) food products 40
through the impingement plate 37 at a pressure drop across the plate of about 270 Pa (about
1.1 inches of water column), which resulted in impingement jet velocities of about 16.3 meters
per second (about 3200 feet per minute).

[0083] The lower than conventional velocity distributed across a larger diameter hole created
less impact force on the product and increased the convective heat transfer coefficient by 1.9
times over that of axial flow fans.

Example 2

[0084] An embodiment was tested wherein the radial pitch 52 of the holes 46 in a 22 gauge
stainless steel impingement plate 37 was about 3.1 inches (about 7.9 cm), the axial pitch 55
was about 3.5 inches (about 8.9 cm), the diameter 49 of each hole 46 was about 1 inch (about
2.54 cm), and the impingement plate 37 comprised approximately 7.5 percent open area from
the aggregate of the holes 46.

[0085] Cryogen mixture 34 was applied to IQF food products through the impingement plate
37 at a pressure drop across the plate of about 475 Pa (about 1.9 inches of water column),
which resulted in impingement jet velocities of about 17.8 meters per second (about 3500 feet
per minute). The lower than conventional velocity distributed across a larger diameter hole
created less impact force on the product and increased the convective heat transfer coefficient
by 2.3 times over that of axial flow fans.

Example 3

[0086]

Table 1:
convective heat transfer mechanism in W/(m2*°K) [in
Btu/(h*ft2*°F)]

freezing application: jaxial fans conventional IQF impingement

impingement

IQF (individually quick {45.43 [8] ineffective 102.21 [18]

frozen)

flat products 34.7 [6] 102.21 [18] 51.1[9]
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[0087] Table 1 displays the results of testing heat transfer to both flat and IQF products using
axial fans, high velocity impingement conventionally used in the industry, and the lower velocity
impingement resulting from the presently claimed impinger embodiment. Testing was
conducted at minus 100°F (minus 73°C). The axial fan arrangement used 36 inch diameter
axial fans operating at 1750 revolutions per minute with four inch blades at a 26 degree pitch.

[0088] The openings in the impingement plate of the conventional impinger were of
approximately 1.5 cm (approximately 0.625 inches) in diameter, and the impingement plate 37
comprised approximately 5.5 percent open area. These conventional plates typically provide
impingement velocities of about 20 meters per second or more (about 4000 feet per minute or
more). The operating pressure was about 622 Pa (about 2.5 inches of water column).

[0089] By increasing the diameter of the openings in the subject impingement plates to about
3.8 cm (about 1.5 inches) and thereby decreasing the operating pressure to about 300 Pa
(about 1.2 inches of water column), impingement velocity was reduced and heat transfer to the
irregularly shaped IQF products was increased as indicated in Table 1.

[0090] Heat transfer of conventional impingement could not be measured ("ineffective”) on IQF
food products due to the volume of product blown off of the conveyor. Further, heat transfer to
irregularly shaped products increased using the subject impingement plates, as there was a
better distribution of flow. WWhen the diameters of openings increased to above 7.5 cm (about 3
inches), heat transfer to product was less than that of an axial fan configuration.

[0091] As shown in Table 1, using the impinger of the claimed embodiments, the convective
heat transfer coefficients can be obtained for IQF food products that are realized in
conventional impingement freezers for flat products.

[0092] Testing was further conducted under similar conditions, except that the impingers
comprised impingement plates with openings of about 7.6 cm (about 3 inches) in diameter.
Under these conditions, the gas/cryogen mixture blew IQF product off of the conveyor.

[0093] Impingement plates according to the present embodiments can be installed or
retrofitted in existing impingement freezers to provide more efficient convective heat transfer
for irregularly shaped products, such as IQF food products.

[0094] The impinger apparatus and process of the present embodiments are thus
demonstrated as increasing the overall production rate and efficiency of IQF freezing systems.
This results in better overall operating efficiency for impingement freezers, allowing potential
reduction in equipment size and floor space, and potential reduction in equipment cost.

[0095] In a first embodiment, there is provided an impinger for cooling or freezing products
which may comprise an impingement plate containing openings for directing impingement jets
of a mixture of gas and solid or liquid cryogen toward the products transported on a conveyor;
wherein the openings comprise in aggregate an open area of about seven percent to about
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twelve percent of the total surface area of the impingement plate; wherein the impingement
plate provides a back pressure restriction in a circulation path of the mixture of about 220 Pa to
about 475 Pa (about 0.9 inches to about 1.9 inches of water column).

[0096] The impinger of the first embodiment may include an impingement plate that provides a
back pressure restriction in a circulation path of the mixture of about 270 Pa to about 475 Pa
(about 1.1 inches to about 1.9 inches of water column).

[0097] The impinger of either the first or subsequent embodiment may further include that the
impingement velocity of the mixture through the openings is about 13.7 meters per second to
about 17.8 meters per second (about 2700 feet per minute to about 3500 feet per minute).

[0098] The impinger of any of the first or subsequent embodiments may further include that
the impingement velocity of the mixture through the openings is about 16.2 meters per second
at to about 17.8 meters per second (about 3200 feet per minute to about 3500 feet per
minute).

[0099] The impinger of any of the first or subsequent embodiments may further include that
the cross-sectional area of the openings are within the range of about 2.8 cm? to about 20.5

cm? (about 0.44 in? to about 3.15 in?).

[0100] The impinger of any of the first or subsequent embodiments may further include that
the openings are substantially circular holes, each having a diameter in the range of about 1.9
cm to about 5.1 cm (about 0.75 inches to about 2 inches).

[0101] The impinger of any of the first or subsequent embodiments may further include that
the openings are substantially circular holes, each having a diameter in the range of about 2.5
cm to about 3.8 cm (about 1 inch to about 1.5 inches).

[0102] The impinger of any of the first or subsequent embodiments may further include that
the openings are punched holes or chamfered holes.

[0103] The impinger of any of the first or subsequent embodiments may further comprise a
vibrator mounted for co-action with the impingement plate.

[0104] In a second embodiment, there is provided a process for cooling or freezing products
within a housing chamber comprising: transporting product on a moving substrate within the
chamber; mixing a gas with solid or liquid cryogen to form a mixture; directing the mixture of
gas and solid or liquid cryogen to an impinger, the impinger comprising an impingement plate
containing openings for providing pressurized impingement jets of the mixture, wherein the
openings comprise in aggregate an open area of about seven percent to about twelve percent
of the total surface area of the impingement plate and wherein the impingement plate provides
a back pressure restriction in a circulation path of the mixture of about 220 Pa to about 475 Pa;
and selectively directing the pressurized impingement jets of the mixture from the impingement
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plate toward the products transported on the substrate.

[0105] In the process of the second embodiment, the products may comprise individually quick
frozen (1QF) food products.

[0106] In the process of either the second or a subsequent embodiment, the impingement jet
velocity of the mixture through the openings may be about 13.7 meters per second to about
17.8 meters per second.

[0107] The process of any of the second or subsequent embodiments may further include that
the impingement velocity of the mixture through the openings is about 16.2 meters per second
to about 17.8 meters per second.

[0108] The process of any of the second or subsequent embodiments may further include that
the cross-sectional area of the openings are within the range of about 2.8 cm? to about 20.5

cm? (about 0.44 in? to about 3.15 in?).

[0109] The process of any of the second or subsequent embodiments may further include that
the openings are substantially circular holes, each having a diameter in the range of about 1.9
cm to about 5.1 cm (about 0.75 inches to about 2 inches).

[0110] The process of any of the second or subsequent embodiments may further include that
said mixing of the gas with solid or liquid cryogen occurs at least partially within an at least
partially enclosed impingement hood above the substrate, the impingement hood comprising a
shell supporting the impinger, the shell being adapted to accommodate a gas circulation device
for directing the mixture of gas and solid or liquid cryogen to the impinger.

[0111] The process of any of the second or subsequent embodiments may further include that
the housing chamber comprises a plurality of attached modular enclosures; the process
including spraying liquid cryogen in at least one enclosure near the products to form the
mixture; circulating the mixture from a low pressure area to create a high pressure area above
and below the substrate in each enclosure; directing the mixture through the impinger
impingement plate to generate the impingement jets in each enclosure; impinging the products
with the impingement jets in each enclosure; and recirculating the mixture to the low pressure
area in each enclosure.

[0112] The process of any of the second or subsequent embodiments may further include re-
circulating the mixture of gas and the cryogen after impingement onto the products into the
impinger.

[0113] In a third embodiment, a method is provided for increasing heat transfer to IQF
products in an impingement freezer, including installing or retrofitting the impinger of the first or
subsequent impinger embodiments as at least one impinger in the freezer.
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List of reference numerals

[0114]

8

13

16

19

20

21

22

25

28

31

34

37

40

46

47

49

50

52

55

top plate

conveyor, in particular at least one belt or at least one other moving substrate

impinger

shell

intermediate module

exit module

impeller

impingement hood

enclosure or housing, in particular housing chamber

motor

cryogen mixture

impingement plate

product, in particular individually quick frozen (IQF) product, for example IQF food
product, such as of irregular shape

opening, in particular hole or aperture, for example punched opening or chamfered
opening, of impingement plate 37

baffle

diameter of opening 46

pattern repeat

radial pitch



DK/EP 3290834 T3

axial pitch
58

outer diameter
61

longitudinal length
64

liquid cryogen piping
67

sprayer
70

entrance module
76

intake cone
86

exit
88

high pressure area, in particular high pressure plenum
90

low pressure area, in particular low pressure plenum
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PATENTKRAV

1. Impinger (16) til afkaling eller nedfrysning af produkter (40), iseer
individuelt lynfrosne (IQF) produkter, for eksempel IQF-fadevareprodukter, hvilken
impinger omfatter en impingement-plade (37), der indeholder abninger (46) med
henblik pa at lede impingement-straler af en blanding (34) af gas og fast eller
flydende kryogen hen til produkterne (40), som fremfares eller transporteres pa en
transportar (13), hvilken impinger (16) yderligere omfatter en mindst delvist
indesluttet impingement-haette (25) oven over transportaren (13), i hvilken
impingement-haette (25) blandingen af gassen med det faste eller flydende
kryogen mindst delvist optraeder, idet impingement-hastten (25) omfatter en skal
(19), der understatter impingeren (16), hvor skallen (19) er tilpasset til at rumme
en gascirkulationsindretning med henblik pa at lede blandingen (34) af gas og fast

eller flydende kryogen til impingeren (16),
kendetegnet ved, at

- et tveersnitsareal af dbningerne (46) er inden for et omrade fra 2,8 cm? til
20,5 cm?,

- abningerne (46) alt i alt omfatter et abent areal pa syv procent til tolv

procent af impingement-pladens (37) samlede overfladeareal, og

- impingement-pladen (37) tilvejebringer en modtryksbegraensning i en
cirkulationsbane for blandingen (34) pa 220 Pa til 475 Pa, isaer pa 270 Pa til
475 Pa.

2. Impinger ifalge krav 1, hvor transportearen (13) er et band eller et andet i

bevaegelse veerende substrat.

3. Impinger ifalge krav 1 eller 2, hvor en impingement-stralehastighed for
blandingen (34) gennem abningerne (46) er ca. 13,7 meter pr. sekund til ca.

17,8 meter pr. sekund, iseer ca. 16,2 meter pr. sekund til ca. 17,8 meter pr. sekund.

4. Impinger ifalge mindst ét af kravene 1 til 3, hvor hver af abningerne (46) er
et i det veesentlige cirkuleert hul med en diameter (49) i et omrade pa ca. 1,9 cm til

ca. 5,1 cm, iseer i et omrade pa ca. 2,5 cm til ca. 3,8 cm.
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2
5. Impinger ifalge mindst ét af kravene 1 til 4, hvor abningerne (46) er
udstansede huller eller affasede huller.
6. Impinger ifalge mindst ét af kravene 1 til 5, der endvidere omfatter en

vibrator, som er monteret med henblik pa at samvirke med impingement-pladen (37).

7. Fremgangsmade til afkaling eller nedfrysning af produkter (40), isaer
individuelt lynfrosne (IQF) produkter, for eksempel IQF-fadevareprodukter, inden i

et huskammer (28), hvilken fremgangsmade omfatter, at:

- produkterne (40) fremfares eller transporteres (13) pa et i beveegelse

vaerende substrat inden i kammeret (28);

- en gas blandes med fast eller flydende kryogen til dannelse af en blanding
(34), hvor blandingen af gassen med fast eller flydende kryogen mindst delvist
optreeder inden i en mindst delvist indesluttet impingement-hastte (25) oven over
substratet, idet impingement-haetten (25) omfatter en skal (19), der understoatter
impingeren (16), hvor skallen (19) er tilpasset til at rumme en
gascirkulationsindretning med henblik pa at lede blandingen (34) af gas og fast

eller flydende kryogen til impingeren (16);

- blandingen (34) af gas og fast eller flydende kryogen ledes til en impinger
(16), idet impingeren (16) omfatter en impingement-plade (37), der indeholder
abninger (46) med henblik pa at tilvejebringe tryksatte impingement-straler af
blandingen (34), kendetegnet ved, at et tvaersnitsareal af abningerne (46) er
inden for et omrade pa 2,8 cm? til 20,5 cm?, hvor abningerne (46) alt i alt omfatter
et dbent areal pa syv procent til tolv procent af impingement-pladens (37) samlede
overfladeareal, og hvor impingement-pladen (37) tilvejebringer en
modtryksbegreensning i en cirkulationsbane for blandingen (34) pa 220 Pa til

475 Pa, iseer pa 270 Pa til 475 Pa; og

- de tryksatte impingement-straler af blandingen (34) ledes selektivt fra
impingement-pladen (37) hen til produkterne (40), som fremfares eller

transporteres (13) pa substratet.

8. Fremgangsmade ifglge krav 7, hvor en impingement-stralehastighed for

blandingen (34) gennem abningerne (46) er ca. 13,7 meter pr. sekund til ca.
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17,8 meter pr. sekund, isaer ca. 16,2 meter pr. sekund til ca. 17,8 meter pr.

sekund.

9. Fremgangsmade ifelge krav 7 eller 8, hvor hver af abningerne (46) er et i
det vaesentlige cirkulaert hul med en diameter (49) i et omrade pa ca. 1,9 cm til ca.

5,1 cm, iseer i et omrade paca. 2,5 cm til ca. 3,8 cm.

10. Fremgangsmade ifalge mindst ét af kravene 7 til 9, hvor huskammeret
(28) omfatter en flerhed af fastgjorte moduleere indeslutninger; hvilken
fremgangsmade indbefatter, at der pasprajtes flydende kryogen i mindst én
indeslutning neer ved produkterne (40) til dannelse af blandingen (34); blandingen
(34) cirkuleres fra et lavtryksomrade (90) til dannelse af et hgjtryksomrade (88)
oven over og neden under substratet i hver indeslutning; blandingen (34) ledes
gennem impingement-pladen (37) til generering af impingement-stralerne i hver
indeslutning; produkterne (40) rammes med impingement-strélerne i hver
indeslutning; og blandingen (34) recirkuleres til lavtryksomradet (90) i hver

indeslutning.

11. Fremgangsmade ifalge mindst ét af kravene 7 til 10, der endvidere
omfatter recirkulering af blandingen (34) af gas og kryogen i impingeren (16) efter

impingement-behandling pa produkterne (40).

12. Fremgangsmade til foregelse af varmeoverfersel til individuelt lynfrosne
(IQF) produkter (40), iseer til IQF-fadevareprodukter, i en impingement-fryser,
hvilken fremgangsmade omfatter mindst én af montering og eftermontering af
impingeren (16) ifelge mindst ét af kravene 1 til 6 som mindst én impinger i

fryseren.
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