1 | MVERSI ON FREEZER W TH BOTTOM CHAMBER SERI ES OF CASCADI NG CONVEYOR BELTS
TECHNI,CAL FI ELD OF THE | NVENT] e ent invention relates to an

i neer si on freezer which enploys a postcodling chanber containing a series
of cascadi ng conveyor belts. BACKGROUND OF THE | NVENTI ON An i mrersi on
freezer which enploys a postcooling chanber containing a series of
cascadi ng conveyor belts is taught in the art. Specifically, Koach
Engineering & Mg. Inc. teaches such a freezer referred to as the "N trogen
| mrer si on- Vapor Freezing Systeni (hereinafter the "Koach freezer") in a
techni cal brochure entitled "Innovation and Efficiency in Food Freezing
Equi pnrent". (The Koach freezer, m nus the cascadi ng conveyor belt feature,
is al so taught in US Pat enMMERSIONATREEZERWITH BOTTOMhEHAMBER | on section
of such a freezer initially immerses all or part of the itens to be frozen
(typically food itens) in aSERIES&F GASCADINGQONVEYORBELTS| npart a crust
freeze on the itens, which locks in noisture and prevents clunping. The
post cool i ng chanmber then uses the vaporized refrigerant fromthe inmersion

section to conplete the freezin rocess while al so maxim zing efficiency.
The postcooling chanber also i ICALL : T_ ' NT _ (whi ch further
prevents. cl umpi ngy, K giq Tnldhol 7Bk 15 af FhindRidH ré@RF ARIA By O Pe! ts-

postcooling chamber containing a series of cascading conveyor belts.

BACKGROUND OF THE INVENTION

An immersion freezer which employs a postcooling chamber containing a series
of cascading conveyor belts is taught in the art. Specifically, Koach Engineering & Mfg.
Inc. teaches such a freezer referred to as the “Nitrogen Immersion-Vapor Freezing
System” (hereinafter the “Koach freezér") in a technical brochun_'e entitied “Innovation
and Efficiency in Food Freezing Equipment”. (The Koach freezer, minus the cascading
conveydr beit feature,‘is also taught in US Patent 4,403,479 by Rasoﬂrich.)

The immersion section of such a freezer initially immerses all or part of the items
to be frozen (typically food items) in a.bath of a liquid refrigerant to impart a crust freeze
on the items, which locks in moisture and prevents clumping. The postcooling cﬁamber
then uses the vaporized refrigerant from the immersio.n section to complete the
freezing process while also maximizing efficiency. The postcooling chamber also
imparts agitation to the items (which further prevents clumping) through the use of a

series of cascading conveyor belts.



-2 - There is a concern with the Koach freezer, however, in that the

| ocation of the postcooling chanber relative to the imersion section is
net optimal. In the Koach freezer, the postcooling chanmber is |ocated

adj acent to the imersion section. Contrast this with the present

I nvention's freezer where the post cooling_gbanber I's | ocated underneath
the i mersion section. This design differenCe inparts three distinct
advantages to the present invention's freezer as follows: (1) The
"footprint" of the present invention's freezer will be smaller and thus the

present inventi onfterd [sapéricem With ERAKbGA freédser, haGk0éry in thathenscationofthe
Since both the inmersion section and post cooling chanber are generally in

the shape ofpostcoolyy eithribarélaive fo\the rhelsionsectibeistnot optimal. Nattied@ikoath havi ng
t hem adj acent to each other, not only is the footprint of the resulting
freezer snulffeezet)the pastcavling ehamperis docated adjiacent tothe Inmeesiomsettivat Coardtasbf

a freezer is proportional to the exposed surface area, this translates into .
| ess heat | dbik withdhe prasenbisventioniss fréexieewbere the post @eling chamberds locatesezer '
and the present invention's freezer exploit the fact that it is space

ef ficient td&ndameainthe immersior fection. (Thisdesignedifiereperimpants theps distinct ng
chamber.  The, f1aRRges & the prosdht ventions Feszer 32 riilows; " éaches a point of

(1) The “footprint” of the present invention’s freezer will be smaller and thus
the present invention’s freezer will réquire less factory floorspace.

2 Since both the immersion section and post cooling chamber are
generally in the shape of elongated tunnels, by “stacking” the tunnels instead of having
them adjacent to each other, not only is the footprint of the resulting freezer smaller but
so is the expoéed surface area. Since the heat leak of a freezer is proportional to the
exposed surface area, this translates into less heat leak and hence better efficiency.

3 Both the Koach freezer and the present invention’s freezer exploit the
fact that it is space efficient to multipass the items as they move through the '
postcooling chamber. The number of multipasses however quickly reaches a point of
diminishing return after one two passes (ie starting at one end oi the postcooling
chamber, moving to the opposite end to create a first “level” of cascading belts and
finally retuming/ to the starting end to create a second “level” of cascading belts) froin
the standpoint of heat transfer to the product and therefore efficiency. This is because
it is difficult for the vapon'zed refrigerant from the immersion section to penetrate
beyond the second level of cascading belts in the postcooling chamber. Because the
Koach freezer's postcooling chamber is adjacent to the immersion section, the
cascéding conveyor belts in Koach's postcooling chamber are forced to multipass three
times in order to have the items finish up at the exit end of the freezer. This mandates

a third, largely wasted level (in terms of heat transfer) in the Koach postcooling

chamber that the present invention's bottom chamber design avoids.



di mnishing return after one two passes (ie starting at one end of the

post ¢ool i ng chanber, noving to the opposite end to create a first "level™
of cascading belts and finally returning to the starting end to create a
second "l evel" of cascading belts) fromthe standpoint of heat transfer to
the product and therefore efficiency. This3is because it is difficult for
the vaporized refrigerant fromthe i mrersion section to penetrate beyond

t he second | evel of cascading belts in the postcooling chanber. Because the
Koach freezer's postcooling chanber is adjacent_to the inmersion section,
the cascadi ng conveyor belts i§Eﬂﬂﬂ&ﬁ¥£ﬂﬁiﬂ§iﬂ¥§ﬂl@ﬁ%hanber are forced to
mul tipass three tines in order to
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refrigerant to inpart a crust eeze on the itens, which locks in noisture
and pr eventéhambefibssted lRGed@afrRe lithMgrsion section, then uses the vaporized

refrigerant from the immersion section to complete the freezing process while also
maximizing. efﬁcieﬁcy. The postcdoling chamber also imparts agitation to the items
(which further prevents clumping) through the use of a series of cascading conveyor
belts. A key to the present invention is that the postcooling chamber is located
underneath the immersion section vis-a-vis adjacent t6 the immersion section as in the
prior art. This désign difference affords several advantages to the present inyention's

immersion freezer including a smaller floorspace requirement and less heat leak.

BRIEF DESCRIPTION OF THE DRAWINGS

" Figure 1 is a schematic drawing of one embodiment of the present invention.



chanmber, |ocated underneath the imersion section, then uses the vaporized
refri,gerant fromthe i mrersion section to conplete the freezing process
while al so maxim zing efficiency. The postcooling chanber also inparts
agitation to the itens (which further prevents clunping) through the use of
a series of cascading conveyor belts. A keygto the present invention is
that the postcooling chanber is | ocated underneath the i nmersion section
vis-a-vis adjacent to the imersion section as in the prior art. This
design difference affords several advantages to the present invention's

i mrersion freezer includi BEETAISERDES N Q& CEHE INNENBOMNt and | ess heat
| eak. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic draw ng of
one enbodi nent ofTherfeeqzeeetihe preseshinvention is begtillystraigd with esBefItea|spRCifiF THE
| NVENTI ON The freezer of the present invention is_best illustrated with

respect to EMQpdimentiherepbiichanF iQWSr%?mEQR?WeBE g, s freezes AEBANSRML |
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16 that di Vit&'ﬁ%éﬁ%é’ené"fﬁf ng into a top chanber

(b) a horizontal baffle 16 that divides said housing into a top chamber

18 and a bottom chamber 20;
(9] an item entrance port 22 located in the top chamber at or near the
first end for introducing the items to be frozen into the freezer,
(d) an refrigerant- bath 24 located in the top chamber for immersing
.all or part of the items to be frozen in a liquid refrigerant;.
- (&) atop chamber conveyor belt 26 for transporting the items from
the item entrance port and through said refrigerant bath to the second end;
. a chamber transfer port 28 that pierces the horizontal baffle at or
near the second end for allowing the items to drop from the top chamber conveyor belt
‘and into the bottom chamber and for allowing vaporized refrigerant from the refrigeraht
bath to move into the bottom chamber;

(g) aseries of cascading conveyor belts 30 located in the bottom
chamber for transporting the items within the bottom chamber from the second end, to
the first end, and back to the second end again wherein the initial cascading convéyor
belt.in said series receives the items as they drop from the top chémber conveyor -beft
and wherein each successive belt in said series receives the items as they drop form
the preceding belt; | |

(h) an item exit port 32 located in the bottom of the bottom chamber
at or near the second end for receiving the items as they drop from the final conveyor
belt in said series of cascading conveyor belts and for subsequently withdrawing the

frozen items from the freezer;



18 and a bottom chanber 20; (c) an itementrance port 22 located in the
top chanber at or near the first end for introducing the itens to be frozen
into the freezer; (d) an refrigerant bath 24 |ocated in the top chanber
for imersing all or part of the itens to be frozen in a liquid
refrigerant; (e) a top chanber conveyor begl.t 26 for transporting the
items fromthe itementrance port and through said refrigerant bath to the
second end; (f) a chanber transfer port 28 that pierces the horizontal
baffl e at or near the second end for allowing the itens to drop fromthe
top chanber conveyor b@lt aatdeasttanetrafsightant admissionipont 3hier introdutingwthe fiquid
vaporized refrigerant fromthe refrigerant bath to nove into the bottom
chanber; ( g)refriggrantinta sheyrefigesantdiatity conveyor belts 30 located in the

bott om chanber for trapsporting the itens within the hottom. chanper from
the second end, to the irs?t'E%ﬁ,"”grﬁ}”gﬁ@?tFﬁcé?fgeggeoa%of%}’mh%é’fw wher ei n
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the final conveyor in said series of cascadi hg convey ts and for
subsequent | ypgpt;t hdr awi ng t he '

()] at least one impingément fan 40 for dirécting the vaporized
refrigerant in the bottom chamber at a high velocity and in a direction substantially
_ perpendicular to the movement of the items through the bottom chamber; and
(m) atleast one circulating fan 42 for directing the vaporized
- refrigerant in the bottom chamber in a direction substantially parallel to the movement of
the items through the bottom chamber.
it should be noted that a preferred embodiment for the present invention’s top
chamber immersion sectioh and the introduction 'of the liquid refrigerant into the
refﬁgerant bath therein is as taught by US Patent 5,417,074 by Kiczek at al., the -

specification of which is hereby incorporated by reference.



frozen itens fromthe freezer; -5 - (i) at | east one refrigerant

adm ssion port 34 for introducing the liquid refrigerant into the

refrigerant bath; (j) at | east one refrigerant- di scharge port 36 for

wi t hdrawi ng vapori zed refrigerant fromthe bottom chanber; and (k) at

| east one exhaust fan 38 for directing vapogi.zed refrigerant fromthe

refrigerant bath, into the bottom chanber and out the refrigerant discharge

port; (I) at | east one inpingenment fan 40 for directing the vaporized

refrigerant in the bottom chanber at a high velocity and in a direction

substanti al |y peripenslilg alsarbe sotéd hartheanmiber@f chsuadingespvéyoreds it the bottom

chanber; and (m at least one circulating fan 42 for directing the

vapori zed r giresendirarention’s sedesoft sushbeliawilidre a funation obloevw owch itest agitatian (tp

parallel to the novenent of the itens throug” t he bottom chanmber. It should
D

be not ed t harreverchieningds dreitad. niammost gasash 'P@tf’éﬂﬁeﬂ?ﬁ/‘éﬂtbﬁcﬁ#*f@@ﬂiwhmh

chanber imrersion section and the_introductjon of the |iqujd refrlgeg lnt
into the is the embodiment depicted in Figure 1. In this embodiment, the Initial cascadi g belt

receives the items as they drop from the top chamber conveyor belt and transports the
items from the second end to the first end while the final cascading belt receives the
items as they drdp from the initial cascading belt and transports the items back to the
second end. Such an embodiment pfovides three distinct agitation points as follows: (i)
the point where the items drop from the top chamber belt to the initial cascading belt; (i)
the point where the items drop from the initial cascading belt to the final céscading belt;
and finally (iii) the point whére the items drop from the final cascading belt to the item
exit port. If more agitation is desired, the series of cascading conveyor belts can
conéist ofa Iarger number of shorter belts for transporting the items within the bottom .
chamber from the second end, to the first end, and back fo the second end again.
Finally, it should be noted that a preferred refrigerant for the present inventibh’s

freezer is nitrogen.



refrigerant bath therein is as taught by US Patent 5,417,074 by Kiczek at

al., the specification of which is hereby incorporated by reference. - 6-
It- shoul d al so be noted that the nunber of cascadi ng conveyor belts in the
present 1nvention's series of such belts will be a function of how nmuch

I tem agi ' t clunping) is desifed. In nost cases, two belts
in seri eHmnmll mamﬂrﬂﬂent whi ch is the enbodi ment depicted in Figure 1.
e

In this odi menty tshe*initial cascading belt receives the itens as they

drop fromthe top chanber conveyor belt and transports the itenms fromthe
second end to the first end while the fi@bAIMS@ascadi ng belt receives the
itens as they drop fromthe initial cascading belt and transports the itens
back to the second end. Such an enbodi nent provides three di'stinct
agitation points as follows: (i) the point where the itens drop fromthe
top chanber belt tb t heAR MNMEERIONERRZLAFPMPHEUNG:; (ii) the point where the

itens drop fromthe initial cascading belt to the, final cascadi.ng belt; and
finally (iii) the poinf@wherd®ip aqeﬁiwss'asaswﬂsarﬂrﬁw mﬂ@ngﬁageﬂﬁ?@&@ t

-to the itemexit é)'{?[é. If nore agitation is desired, the series of
cascadi ng coﬁ?/%%mf |ts can consist of a |larger nunber of shorter belts

for transporting the i E@gﬁ @gﬁﬂ%&"{?gg%ﬁg%%?‘@‘g%% hddstg hBFa w%tf‘é?d

to the first end, and
and a bottom chamber;

() an item entrance port located in the top chamber at or near the
first end for introducing the items to be frozen into the freezer;

(d) an refrigerant bath located in the top chamber for immersing all or
part of the items to be frozen in a liquid refrigerant;

(e) | .a top chamber conveyor belt for transporting the items from the
item entrance poﬁ and through said refrigerant bath to the second end;

)] - a chamber transfer port that pierces the horizontal baffle at or
near the second end for allowing the items to drop from the top chamber conveyor belt:
and into the bottom chamber and for allowing vaporized refrigerant from thé refrigerant
bath to move into the bottom chamber;

(9) aseries of caséading conveyor belts located in the bottom
chamber for transporting the items within the .bottom chamber from the second end, to
the first end, and back to the second end again wherein the initial cascading conveyor
belt in said series receives the items as they drop from the top chamber conveyor beilt
and wherein each successive belt in said series receives the items as they drop form
the preceding belt; and

| (h) an item exit port [ocated in the bottom of the bqttom chamber at
or near the second end for receiving the items as they drop from the final conveyor belt
in said series of cascading conveyor belts and for subsequently withdrawing the frozen

items from the freezer.



Finally, houl that a preferred refrigerant for the present
I nvention's freezer is nitrogen. CLAI M5 1. An i mersion freezer

conpri si ngmllm)ml”m“ﬂﬂmﬁt ed housing having a first end running

hori zont al d; (b) a horizontal baffle that divides said
housing inté a‘top chatbe’ and a bottom chagher; (c) an itementrance
port located in the top chanber at or near the first end for introducing
the itenms to be frozen into the freezer; (d) an refrigerant bath | ocated
in the top chanber for imersing all or part of the itens to be frozen in a
liquid refrigerant2 (eYheimmeeiorcheazeeof 5@Méwﬁcm@ﬂhef@nmmﬁ$ﬁ53porti ng the
items fromthe itementrance port and through said refrigerant bath to the
second end; (f) a cfnbent @aatrmeerﬁfr@erantﬁﬁ@esswmgr {nredueing shsliqyid
baffl e at or near the second end for allowng the itens to drop fromthe
top chamber '@?ﬂﬂ?@’&r’mﬁép?' AeErPRERAhe bot t om chanber and for al | owi ng

vapori zed refrigerant U om Epﬁagtegnrei rg?r{g%[:gnt discharge port for withdrawing vaporized

refrigerant from the bottom chamber; |

(k) at least one exhaust fan for directing vaporized refrigerant‘ from
the refrigerant bath, into the bottom chamber and out the refrigerant discharge port;

) at least one impingement fan for directing the vaporized
refrigerant in the bottom chamber at a high velocity and in a direction substantially
perpendicular to the movement of the items through the bottom chamber; and

(m) atleastone ci@lating fan for directing the vaporized refrigerant
in the bottom chamber in a direction substantially paraliel to tﬁe movement of the items

through the bottom chamber.

3. The immersion freezer of Claim 2 wherein said series of cascading
conveyor belts in the bottom chamber consists of two belts, said fwo belts being the
initial cascading oonveybr belt which receives the itéms as they drop from the top
chamber conveyor belt and transports the items from the second énd to the first end
and a final cascading conVeyor belt which receives the items as they drop from the

initial cascading conveyor belt and transports the items back to the second end.

4, The immersion freezer of Claim 3 wherein the quuid refrigerant

introduced into the refrigerant bath is liquid nitrogen.



bath to nove into the bottom chanber; (g) a series of cascading conveyor
belts. located in the bottom chanber for transporting the itens within the
bott om chanmber fromthe second end, to the first end, and back to the’
second end again wherein the initial cascading conveyor belt in said series
receives the itens as they drop fromthe top chanber conveyor belt and
wherei n each successive belt in said series receives the itens ‘as they drop
formthe preceding belt; and (h) an itemexit port located in the bottom
of the bottom chanber at or near the sefzqd end for receiving the itens as
they drop fromthe final conveyor belt sai d series of cascadi ng conveyor
belts and for subsequently withdrawing the frozen itens fromthe freezer

- 8- 2. The imersion freezer of Claim1 which further conprises: (i)

at |east one refrigerant adm ssion port for introducing the Iiquid
refrigerant into the refrigerant bath; (j) at | east one refrigerant

di scharge port for w thdrawi ng vaporized refrigerant fromthe bottom
chanber;
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(k) at | east one exhaust fan for directing vaporized refrigerant fromthe
refrd gerant bath, into the bottom chanber and out the refrigerant discharge
port; (1) at | east one inpingenent fan for directing the vaporized
refrigerant in the bottom chanber at a high velocity and in a direction
substanti ally perpendi cular to the novenent of the itens through the bottom
chanber; and (m  at |least one circulating fan for directing the vaporized
refrigerant in the bottomchanber in a direction substantially parallel to

t he novenent of the itens through the bottom chanber. 3. The i mmer si on
freezer of Caim2 wherein said seri e3B8fRAEEscadi ng conveyor belts in the
bott om chanber consists of- two belts, said two belts being the initial
cascadi ng- conveyor belt i i . it drop fromthe top
chanmber conveyor belt 'anévg;g&él%gr %@W% € second end to the
first end and a final cas ?ﬁ% 0 ceives the itens as
they drop fromthe initial cascading conveyor belt and transports the itens
back to the second end. 4. The i mrersion freezer of Claim3 wherein the’

liquid refriger ahie préédrmihiention i £h intRersh fiedesAMiciP8nBiodyS o dddttidding t r ogen.

chamber. The immersion section of the freezer initiaily inmerses all or part of the items

to be frbzen (typically food items) in a bath of a liquid refrigerant to impart a crus{ freeze
on the items, which locks in moisture and prevents clumping. The postcooling
chamber, located underneath the immersion section, then uses the vaporized
refrigerant from the immersion section to complete the freezing process while also
maximizing efficiency. The postcooling chamber also imparts agitation to the items
{which further prevents .clumping) through the use of a series of cascading conveyor

belté.

(Figure 1)



