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- 1 ULTRAFAST FOOD FREEZI NG EQUI PMENT BY DI RECT
CONTACT WTH DOSED LI QUI D Nl TROGEN, 5 TECHNI CAL FI ELD
This invention is related to food freezing processes,
and specifically it refers to freezing equi pnent
operating with liquid nitrogen, for food confined in a
container 10 destined for distribution to fina
consuner, in order to preseng the food so frozen.
BACKGROUND OF THE I NVENTION 15 Storing of food for
long tine periods has several difficulties that nust

be 13apnet.sTF FebIC FRENZ 13 Y IPMENTN BY QTREUTAICONTACT WITH
tenperature for a very short and limted tine and, in

general, it is not pRaSIPhEdEDshTRdcaad 20 for a

long tinme even at |low tenmperature.. To allow the
storing of food for relatively long periods of tine
and in particular at environnmental tenperature or - 2
in sone cases at |low tenperatures, it is required to
prevent food deterioration caused by m croorgani sns

grow ng, such as bacteria, fungi, etc. G ow ng of such
TECHNICAL FIELD

This invention is related to food freezing processes, and
specifically it refers to freezing eguipment operating
with liquid nitrogen, for food confined in a container
destined for distribution to final consumer, 1n orxder to

preserve the food sc frozen.

BACKGROUND OF THE INVENTION

Storing of food for long time periods has several
difficulties that must be solved. Fcod can be stored at
environmental temperature for a very short and limited
time and, in general, it is not possible to store food

for a long time even at low temperature.

To allow the storing of food for relatively long periods

of time and in particular at environmental temperature or
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organisns in food can depend of the presence of water
in5 the food as well as of the conditions such as
storing tenperature, environnmental tenperature, etc..
G ow ng of mcroorgani sns, including bacteria, is
accel erated al environnmental or higher tenperature, in
such a way that the velocity of food deterioration is
increased at higher 10 tenperatures, decaying in a
shorter tinme period. For that reason, food is stored at
| ow tenperature, wherein organisns have a | ow

posgi kidid Y chaedr oye Uupow Mibthpticatéon ak of ganieBired to
can be controlled and 15 deterioration of food can be

F;ﬁ%ggg ¢ Howgyar, &t 96 Qf; of O dgbéqu¥loﬂﬁcroorganisms

eratures can produce new problens on he food,
when frozen or . .refrigerated_fo i s defrosted, .
deStPT HBE bE'SW. 20 %8&285&%%%3%&& %%‘?i og’qioé“’l% of sucn
mai ntain fresh or raw food for 3%0%%$ain time w houE .
catiEFAYL HBE el PoFROF0N s FHENT Sz & BEFFTYET ate fErer 10
and to maintain preserved in a cooling chanber. - 3 |
Fobdef fewd nes i ¥ealwap of fpridserstibnl PagedusRh te Storing
solidification of water content in it. For this reason
i t tempstaber¢akemviintoreodeunt teihee vt ere coatent Gapwiig of
microorganisms, including bacteria, 1is accelerated al
environmental or higher temperature, in such a way that

the velocity of food deterioration is increased at higher

temperatures, decaying in a shorter time period.

For that reason, fcod is stored at low temperature,
wherein organisms have a low possibility to grow-up;
multiplication of organisms can be controlled and
deterioration of food can be prevent. However, storage of
food in such low temperatures can produce new problems on
the food, when frozen or refrigerated food is defrosted,

as described below.

Nowadays the best option to maintain fresh or raw food
for a certain time without causing deterioration is to
freeze or refrigerate it and to maintain preserved in a

cooling chamber.
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5 product as a factor" The freezing | atent heat depends
on the water quantity. O her factors are the starting
and ending tenperature because they deterni ne the
amount of heat to be extracted fromthe product.. In
the field of food, freezing is defined as the
application of intense 10 cold capable to stop
bacterial and enzynatic processes that destroy food.
Freezing of food consists in dimnishing the water
tenperature (sensible heat) and further change of phase
15 fromliquid to solid (latent heat); because water is
the maj or conmponent (from50 to 900).. Water freezing

i Np£99d £ S ML qamphex,dhand NopuLte - vat ehn hecaliseon the
the presence of structures that conforns the food

Qgggi{@%aig%gg??yg%g%s%g§'CBLPsat ghat e, 28108 SsaPMason 1t

reezi ng paraneters. I rst

step of freezing, part of the water dimnishes its .

t PRt atdf etf"cge%eagﬂt?hea‘f?%&ﬁ né%ﬁoi W"Eﬂ?r4 G and® e
then small ice nuclei ("freezing seeds") begin to be
prptededt . afce $E&LES -t & He FSATEd Srictifis t ndpends on
and depending on freezing velocity, ice crystals could
betle¢ omgated, et Sof t efiederbifgctons |aror the starting and

ending temperature because they determine the amount of
heat to be extracted from the product. In the field of
food, freezing is defined as the application of intense
cold capable to stop bacterial and enzymatic processes

that destroy food.

Freezing of food consists in diminishing the water
temperature {sensible heat) and further change of phase
from liguid to sclid (latent heat); because water is the
major component (from 50 to 90%). Water freezing in food
is more complex than in pure water, because the presence
of structures that conforms the food itself: lipids,
proteins, fiber, starch, sugars and water that modify

freezing parameters.

As the first step of freezing, part of the water

diminishes its temperature to reach the freezing point




5 produced inside/outside of the cell. Dependi ng on
freezing velocity, the foll ow ng phenonena coul d be
present: Protein denaturalization: Wenever the product
has been 10 frozen slowy, or fluctuation of
tenperature are present during storing, ice crystals
produced extract the water |linked to proteins when
growing, in such a way that_ppoteins are disorganized
and they are incapable to recover the water when 15
defrosted, so said water when |ost, drags hydro-

sol gbte BHEN kBBLS smalli Sy mlchanﬂ@@efp@@ s&EAEUY ebegin
produ0|ng hardenlng and dimnishing its solubility and

NULET G € Ong%eéﬁc%% 290§t4599t5§t&ﬁptb9n fé%ﬁg&ﬂ1df%u%ﬁﬁesuch

from gluc i near ains, called anyl ose, and

conpl ex, branched- ch structures cal l.e l o t
stavchhr 4R Iég iﬁnqlw ofd? sugpenéfgﬁ‘qy %8% LPystals
bl ow up, retalnln - 5 water and when reach cer
t efpetat e, %}f@wa"gfé?'atﬁﬂckesodfritdaqelﬂ'ckéﬂgt'hesmaagn'd or be
When this gel rests, the anyl ose |inear chains

5 aggredatedas iinfsiderpsttalidieze @nd Fhber aed lt-he NeReding  on
previously

freezing velocity, the following phenomena could be

present:

Protein denaturalization: Whenever the product has been

10 frozen slowly, or fluctuation of temperature are
present during storing, ice crystals produced
extract the water linked to proteins when growing,
in such a way that proteins are disorganized and
they are incapable to recover the water when

15 defrosted, so said water when lost, drags hydro-

soluble nutrients. This process changes food

texture, producing hardening and diminishing its

solubility and nutritional value.

20 Starch retraction: Starch is made from glucose linear

chains, called amylose, and complex branched-chain
structures called amyleopectin. Starch granules when

in a cold suspension, tend to blow up, retaining
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5 retained inits structure, a process called

syneresis. That is why it is convenient to sel ect

starch in food with a very low rate of anyl ose. By

exanple, rice has an anyl ose rate of 16% corn has

24% sorghum and tapi oca have no anylose. 10 Lipid
contraction: Alipidin solid state is called fat,

whereas if it is in liquid state_is called oil. Change

of state fromsolid to |iquid depends on the nelting

point of the lipid" If a food is frozen, 15 oils

sol i di fyaaad they cARegOnteach..cEoodimi t behpwrpenecent they
of humidity, have a lower initial freezing point,

because UBROLn PF ESSHIP dhni-nkghes,due 10 ¢t heysohutes'’s gel
It is not possi ble to freeze the entire 20 content of

wat er, because ,j.ust _the s Iled fr \wat e . d :
75% isr??gﬁén gﬁ?iﬁayiﬁggpﬁgggggf.ng}w$yp%%g%€égyg as 1if
freezing: By air: a cold ajr current extracts heat _.
fromth ry%?%hﬁ%feun@ﬂdtté????ﬁﬁeteﬁﬁgnﬂﬂﬁ%§ﬁs previously
reached. 5 By contact: a cold surface in touch with

the prodeedinestrdets the hedructure, & process called

syneresis. That is why 1t is convenient to select
starch in food with a very low rate cof amylose. By
example, rice has an amylose rate of 16%, corn has

24%, sorghum and tapioca have no amylose.

Lipid contraction: A lipid in solid state is caliled fat,

whereas if it is in liguid state 1is called oil.
Change of state from solid to liquid depends on the
melting point of the lipid. If a food is frozen,

0ils solidify and they can contract.

Food with low percent of humidity, have a lower initial
freezing point, because vapor pressure diminishes due to
the solutes. It 1is not possible to freeze the entire
content of water, because just the so called free water

(around 75%) is frozen during the process.
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Cryogenic: Cryogenic fluids, nitrogen or carbon

di oxi de, are used, replacing the cold air to reach the
freezing effect. 10 Freezing effects Drying up:

Approxi mately 80% of the total weight in an animl or

even nore in a plant, it is water. Water is the 15

maj or conponent in food derived from ani mal s and

plants.. Wen a food is frozen, water is transforned

into ice and a drying up effect is produced.

Nucl eation: Wien food is frozen at a normal atnospheric
20rpressykesrbbsihgaperature falls to O0C at this tine
water starts to convert into ice. It stills at that
tenperature by a while and when crystallization is

conpl ete, tenperature descends until equilibrates the -

7 environnent al tenEeraLure. The tinme_when ther§:i§ th
not & BYop'8F tenperdt Gié i HHP i fETFaGhPr o Trom the
extract latent freezing heat (80cal/g). During this

time theroéfitectnsdtlt hbecdidalstegortfbratedsSw EAChEAL

i berated by 5 water because the change of state..

Tenpar atyreosthbts acepstiaptirandepradyseshawhohi znat phoduct
line in a graph, of

extracts the heat.
e Cryogenic: Cryogenic fluids, nitrogen or carbon
dioxide, are used, replacing the cold air to reach

the freezing effect.

Freezing effects

Drying up: Approximately 80% of the total weight in an
animal or even more in a plant, it 1s water. Water is the
major component in food derived from animalg and plants.
When a food is frozen, water 1s transformed intc ice and

a drying up effect is produced.

Nucleation: When food is frozen at a normal atmospheric

pressure, 1its temperature falls to 0°C, at this time
water starts to convert into ice. It stills at that
temperature by a while and when crystallization 1is

complete, temperature descends until equilibrates the
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whi ch | ongi tude depends on the velocity of heat

di ssipation. During this time there is a equilibrium
bet ween crystal formng and nelting,. 10 At begi nni ng
of the horizontal section, a light depression is
observed, indicating an overcooling in water before
crystallization starts (this is nore noticeable in
smal | vol unes such as cells and 15 m croorganisns) This
occurs with a great velocity o heat elim nation and
it assures a fast formation of ice crystals. Since

%ﬁ@lk@ﬂﬁ@ﬁgaist@%@e&%@%ﬂ@ﬂ THe i 8ife GREHt HORrQf is not a
sugars and sol uble proteins, and further a

gglgﬁél % pﬁre(%éjéf&g@eecw €S0 ?lrlaé" L%.Q:ed to extract

on, | reezhng pint 1s [ower. omerlng
ro ortional to.t co ration_of . dISS | ved
elé Iﬁ%%l%%sﬁ“%ghnﬂﬁ%FS e ?reeg%s Thét weeh” 0 Jﬁﬁh the
-4C. Th|s zone is_known as that of a UHXIHUH1CEX%
f orRBEFBNOL Bhez6Aed WieRMAL P RFBIeliThhasat t2ated by
concentration of dissolved elements in the rest of
watetet s hamressedhgr aduatds, ofpr dd@Ep ng TEHIHdure stills

descent in the freezing point. 5 Crystallization: In
or denstentacidd tat edcryst al hczatdomtal line in a graph, of

which longitude depends on the velocity of heat
dissipation. During this time there 1is a eguilibrium

between crystal forming and melting.

At beginning of the Thorizontal section, a light

depression 1s observed, indicating an overcooling in

water ©before crystallization starts (this 1s more
noticeable in small volumes such as cells and
microorganisms). This occurs with a great velocity of

heat elimination and it assures a fast formation of ice
crystals. Since water in food is not pure but it is a
solution of salts, sugars and soluble proteins, and
further a complex of protein molecules in colloidal
suspension, its freezing pint is lower. This lowering is
proportional to the concentration of dissolved elements.
The most common food freezes between 0°C and -4°C. This

sone is known as that of a maximum crystal formation
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it i1s needed the existence of a particle or insoluble
salt acting as a crystallization nucleus. The | ower the
tenperature, easier the phenomenon occurs, producing a
hi gher nunber of crystal aggregates, and therefore, 10
crystal size is lower. On the contrary, with a
tenperature close to the nelting point, nucleation is
slow, crystal nuclei are few apd_therefore, relatively
| arge crystals result.. Studyi hg under m croscope the
shapes of ice crystals it is observed that a quick 15

”SSEéngw%%d%@@excrf%@éls Mphe Qlor@s: d-auntdedsf Wiitkgolved
sl ow freezing produces iarger el ongat ed or needl| ed

Cr¥féﬁé§ts E%{Stﬁgo e&g eékngfﬁ§§53§ s CONREQUEBNCE, gradually,

br éa ers an , and the food Ioses its

t d
Cr§eoar ST i ol LSRR 1 AL stz o

peri pheral zones, crystals are formed qui ckly and they
have short size, whereas heat transfer inside is nore
difficult and crystals grown slowy, reaching |ar
si@epstalhepatign: téﬁpéﬂékﬁréﬂ?e@%%b%lt?%%cﬁrésﬁéﬂgﬁzﬁﬁlon'
which the rest of water and concentrated sol utes
soltdiifsy tegeétderhd neaissator abifore poenticédal lad insoluble
eutectic point. Such a point is

salt acting as a crystallization nucleus. The lower the

temperature, easier the phenomenon occurs, producing a
higher number of crystal aggregates, and therefore,
crystal size 1s lower. On the contrary, with a
temperature close to the melting point, nucleation 1is
slow, crystal nuclei are few and therefore, relatively
large crystals result. Studying under microscope the
shapes of ice crystals it 1is observed <that a quick
freezing produces crystals more or less rounded, while a
slow freezing produces larger, elongated or needled
crystals. This slow freezing has as consequence, breaking
fibers and cell walls, and the food loses its properties.
Tn solid or high viscosity food, size of crystals varies
from zone to zone of the food. In peripheral zones,
crystals are formed gquickly and they have short size,
whereas heat transfer inside 1is more difficult and

crystals grown slowly, reaching larger sizes. When
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many tinmes |lower to that which many industrial freezers

5 get, permtting small quantities of non-frozen water

that allow ng the survival of mcroorganisns, while it

IS not possible their growi ng and reproduction.

Changes in volunme: Passing fromliquid water to ice,

10 includes an increase in volune close to 90.. Because

this phenonenon, food rich Lngwater expand nmore than

those with |ower content.. This can cause fractures or

cracks. It is inportant to consider it when producing

t heengORL AL RS reldlickRe GoRiA nerposnstiat Gickd the rest of

Vel ocity of freezing: Quality in a frozen product

depends Qi thenYehOLLiva! aoihiel LI s: didgy beBetner, in a
frozen. ald ocity Is eflned as the ‘m ni mum

di st ance, bet ween_t he rf.ace . ant .t he cr|t|

di§?€38a5§0?hgofphé Cﬁi GRS e &Gl p0|ﬁ%n%01nt is
noved fromOC to -15C. Thus, a freezing, process i ‘ _
chBRREL &rfgéd lawer Rp thafophishidfyyy, jludistylal freezers
donestic freezer wwth notionless air at -18C It is
cagetedrouribbsngabinglli aueptétieens’ ponrfrgprgn water that
equi pped to operate at |ow tenperatures.. The

eqal poenhg ofher suanigrtr afcapacidopganisms, while it is not

possible their growing and reproduction.

Changes in volume: Passing from liguid water to ice,

includes an increase in volume close to 9%. Because this
phenomenon, food rich in water expand more than those
with lower content. This can cause fractures or cracks.
It is dimportant to «consider it when proeducing the

container, i1f the container is stretch.

Velocity of freezing: Quality in a frozen product depends

on the velocity to which this has been frozen. Said
velocity is defined as the minimum distance between the
surface ant the critical point divided by the time in
which the critical point has moved from 0°C to -15°C.

Thus, a freezing process 1is characterized as:
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5 for refrigeration, being further equipped with fans
for air circulation.. These systens have a | ow
freezing velocity and they are used for products such
as: margarines and steaks or carcasses which does not
need high quality. Difficulties in this 10 kind of
freezing are: dehydration (between 5 and 10% and
frosts in product. Further, t e are problems with
col d bal ance, because if the chanber is saturated, the
systemis overloaded and it does not reach the desired

[reeq! ng  Lemperat Wy nf> Mgl UL LRfdldbe | Nefefobd with

air tunnel at 20 K and -40 C” These are equi pnents

designed for high _efficiengy.in_airt_circulaki

reach v%?%lﬂ?gﬁgsh%é% ??anggeg”vé o%?tFéggg%g ?Hgy%%%%gally

dehydration _|osses from2 to 6% of product weight, Th

equi proht 981 AuEPOBE /s Bl bdte d R CBIHIRRE G o0 CPeiate At low

characteristics of process and product. In this kind ,

of freezéMPeErBUL AL eGhat BEUERBSBF asfTEFEegRy eXtra capacily

Fl ui di zed bed and Gyro freezer equipnents.. - 11

Bl ast Ffeezeefrligethicdocequioprient ,fuysiie raisqigored with fans

circulated at high velocity within a roomwth
for air circulation. These systems have a low
freezing velccity and they are used for products
such as: margarines and steaks or carcasses which
does not need high quality. Difficulties in this
kind of freezing are: dehydration (between 5 and
10%) and frosts in product. Further, there are
problems with cold balance, because 1f the chamber
is saturated, the system is overloaded and it doces
not reach the desired freezing temperature.

e Medium: 1-5 cm/h, in a cold air tunnel at 20 km/h
and -40 °C., These are equipments designed for high
efficiency in air circulation, they reach very high
heat transfer velocities and they have dehydration
losses from 2 to 6% of product weight. The eguipment
must be selected according to characteristics of
process and product. In this kind of freezing are

integrated the Blast Freezer, Fluidized bed and Gyro

freezer equipments.
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platforns arranged in a predeterm ned way. Al nost al
the products can be frozen with this 5 equi pnent but
freezing nmust be done until it is packed, in order to
avoi d dehydration or frosts, It is used too for
carcass neat freezing which is transported by rails..
Fl ui di zed bed: These equi pnents are used for 10 snal
size products (they were originally designed for peas
processing).. In this equipnent gusts of wind are
proj ect ed upmards fromthe | ower part, al nost

suspendi ng tHeasPr eduekerl Otaf i igi st equ@ppentor meAd air is
honogeneous 15 and qui cCKk freezing.. The maj or probl em

of this eqUJ;PPE@I%tédtQQt hg%t s;eqfoc\eﬁt@d £ihiSPOL | r&6m with
frost the product because thé high velocity and cold

intensity reezer. Th i s.systemis
most 20 nnggi%tg 21 £ R AT e 2%n?%al ggg%gééﬁESEd Hey-
this equi pnent, turbul ence |sﬂ$enerated

desi gned to Horeshtala LRFFBFATEGHY CanPP%dg%?EePoWéngthls

in a spiral band and it is -
equipment but freezing must be done until it is

packed, in order to avoid dehydration or
frosts., It is wused too for «carcass meat
freezing which is transported by rails.

Fluidized bed: These equipments are used for

small size products (they were originally
designed for peas processing) . In this
equipment gusts of wind are projected upwards
from the lower part, almost suspending the
product, rotating it, to perform a homogeneous
and quick freezing. The major problem of this
equipment 1is that gusts of wind can spoil or
frost the product because the high velocity and
cold intensity.

Gyro Freezer. This system is one of the most

modern and efficient mechanical systems. In
this eguipment, turbulence 1is generated from
fans designed to generate a uniform cold.

Products rotates in a spiral band and it 1is
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cooled in periods from45 mn to 1 h. Due to the flow
of air is not direct, it |esser spoils the product by
dehydration (from1%to 2% . As is a spiral systemit
does not need a high 5 space" The only inconvenient for
this kind of equipnents use to be the initial costs
for acquisition and installation.. Fast.. > 5cmh,
with imrersion in liquid nitr n.. A quick freezing
is carried out wth liquid nitrogen 10 at very | ow
tenperatures (-196C), either by imrersion or aspersion,

dependi ng on.gharactigrifdiGsys ofréhe 4B0qtin WohithHs pue to
kind of freezing, a high Individually Quick Frozen

(1QF) qua'itgh%§59$ﬁag9egir1§@gggttBgrehﬁce§toﬁgggeghspoils

are separate ey not eére to the ban IS

kind of freezing permts,to , maintai.n better ality,o

product s thaﬁh?nngﬂgF% b@e@&&gglgg}qglé‘%?%gﬁgsﬁéc%OF" As
m cro-crystals which not deform the gell, avoiding hiah
| ooses in texBurfe 8RAT220 DEHYHR atiFontOTai M4 n'RgTt e "9

gquality of product. - 13 _ .
space. The only inconvenient for this kind of

equipments use to be the initial costs for
acquisition and installation.

e Fast. > 5cm/h, with immersion in liquid nitrogen. A
quick freezing is carried out with liquid nitrogen
at very low temperatures (-196°C), either Dby
immersion or aspersion, depending on characteristics
of the food. With this kind of freezing, a high
Individually Quick Frozen (IQF) gquality is obtained,
where the pieces of food are separated and they not
adhere to the band. This kind of freezing permits to
maintain better quality of products than in others
because of:

o It creates ice micro-crystals which not deform
the cell, avoiding looses in texture and
dehydration, maintaining the guality of

product.




5

10

15

20

o Product is not deformed because there are not gusts
of wnd, and it dos not adhere to the band. Storing
effect: It has been denonstrated that a 5 tenperature
of -18Cis a suitable and safe level to preserve
frozen food. M croorgani snms can not grow at this
tenperature, and action by enzynes is very sl ow,
however, the storing itself_produces alterations in
the food: Re-crystallization: ring storing there is a
10 tendency for the small crystals to join anong them
produci ng 4 apgeruRewienesst ThatotSehegausessmlere are not
crystals are nore unstable than |arger crystals due to
the higher °HRLEX REM RaS, Uiy Thi gophenoeneRerkS to the
accent uat ed the product is stored at 15 tenperatures
near to 0C, ﬁs |.ower the tenperature is, snmaller the
ef fects, bei angrnnst negligi ble below of 60C. Cold
Frosts: Any hot air entrance into the freezin% chanher
pr 688E8BYa (FHsEEt ur &t gr AdiSent PHEE weSRTREEGLE26 Y nstiE”
air and hot air penetrating.. Wien air is heated, its
hubedbeyahbser prf onlédpactty ai nendhalese angl asffeedaipl to
chanber, the only source of humdity

preserve frozen food. Microorganisms can not grow at this

temperature, and action by enzymes is very slow, however,
the storing itself produces alterations in the food:

Re-crystallization: During storing there 1is a

tendency for the small crystals te join among them
producing larger new ones., That is because small
crystals are more unstable than larger crystals due
to the higher energy per mass unit. This phenomenon
is accentuated i1f the ©product 1s stored at
temperatures near to 0°C. As lower the ftemperature
is, smaller the effects, being almost negligible
below of 60°C.

Cold Frosts: Any hot air entrance intoc the freezing

chamber produces a temperature gradient between cold
inside air and hot air penetrating. When air is
heated, its humidity absorption capacity increases.
In a freezing chamber, the only source of humidity

available is the ice contained in the frozen food.
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available is the ice contained in the frozen food. - 14
Hot air takes humdity of the poorly protected food,
dehydrating it. Then, the humdity is deposed on the
cold surfaces of the freezer when air is cooled. The
formation of ice fromair humdity, wthout pass 5
through liquid state is called sublimtion,. Frosts by
cold is a major surface desic ion in a frozen food,
produced by the dehydrati on above. They appears in the
surface of the product as dark stains when pignments

are conggptgati pgrxandnaxk di 2i,nefi Bhkhpgod@1gostotected food,
superficial layers.. Also appear white-greyish zones

due to y:iLce er b I
phﬁnm%%ﬁ%*g?‘m 3k hTﬁ‘%ﬁpe}"—??C%ﬂgﬁ%éﬁgrf begPacroon che
make spon and nferl ayers be t hydr f

f r ost |§OgﬁaFPrf?ﬁ%Spﬁ nSh%noﬁe?ge 5" P%ge?ggbgg g%gleh. the
exp05|ng to hum dity and reh dr at,i on, |s IS Vv

by cook ﬂ@m%tFPﬁhﬁ?% fFEstty ealrlfhu%ﬁ thé ¢ %% 1n: Ipass
frost has been deeper, oxidations have been Eroduced

and chebiicahobhahgesdapeaterieversinleSuPLinatifngref ore

i mportant to use a 20 suitabl e packing capable to

reduce Broot20bli nes,d is a major surface desiccation in a

frozen food, produced by the dehydration above. They
appears in the surface of the product as dark stains
when pigments are concentrating and oxidizing in the
most superficial layers. Alsc appear white-greyish
zones due to gaps left by ice after sublimation. If
the phenomenon lasts enough, superficial layers
begin to make spongy and inferior layers begin to
dehydrate. If frost is small, the phenomencn is
reversible by exposing to humidity and rehydration.
This is verified by cooking a lightly frost zone. If
on the contrary, frost has been deeper, oxidations
have been produced and chemical changes are
irreversible. It 1is therefore important tc use a
suitable packing capable to reduce 4 to 20 times,
the loss of water. Cold frost causes an important
loss of product and a loss of its wvalue causes the

organcleptic quality diminishes.




the loss of water. Cold frost causes an inportant |oss
of product and a loss of its value causes the
organoleptic quality dimnishes. - 15 In the past and
nowadays, food cryogenic freezing, although provides
the best quality, harml essness and shelf life toit,
has been and it is used little because 5 the high costs
of gases, equipments and instaldations.. SCOPE OF THE
I NVENTION 10 In the view of |limtations that have the
devel opnents proposed until nowin the prior art, an
object of the invention herein is to provide an
ultrafast food freezing equipnment by direct contact

wi £ dpged %%gHidaHBtrﬁgﬁﬂday§§ ltobg apotheLnobj eetetb@ing,
provi de an

Lgai?€§§%¥gné£§%§%éggg§le e ertﬁ%ﬁi%n tgg#ﬁie@%hgggt and

trafast food freezing equipnent in a way

rosted af ter préser ron in

refrigerating chanber during a extended
ti %?f tﬂ?of

an ultrafast cryogenic freezing equipnment for food, -

i od
f2b1ARotRer fobjiéct T5F°T hVén%?o%ggél?btgi%vpﬁgause

5 16the high costs of gases, equipments and installations.
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20

SCOPE OF THE INVENTION

In the view of limitations that have the developments
proposed until now in the prior art, an object of the
invention herein is to provide an ultrafast food freezing

equipment by direct contact with dosed liquid nitrogen.

It 1is another object to provide an ultrafast food
freezing equipment in a way to conserve its original
properties and taste, without modification, when
defrosted after preservation in a refrigerating chamber

during a extended period of time.

Another object of the invention 1is to provide an

ultrafast cryogenic freezing eqguipment for food.
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Still other object of the invention is to provide an

ul trafast cryogenic food freezing equi pnent in which
food can be introduced to the process as individua
portions confined in a container for exhibition and
sale. 5 Yet another object of the invention is to
provide an ultrafast food freezing equi pnment that
permts to establish a steady state production
process, due to the food to be frozen can be contai ned
inits final packing 10 previous to sealing. It is

an§£b$i QRieet ghHikhe idwerhioni AP-PFoVhdeAnto provide an
ultrafast food freezing equi pnent with maxi mum

efficienc i.n n ti i qui LI Fogen .
TS ARG REY o ERVEBTEt he iy BREr bRt Sy SPRr e A g eA food
ultrafast food freezin ui pnent _in which freezing is,.
obfai ne§ t LH**%STgaﬁ ©p é@F?ésdéginbn%%v+|%%?dp0§tlons
nitrogen directly to product to be frozen. 20 I; i's
stePrisepdriobpeeenbflife [AYeRER ORI EECDr BVF d&2af-
ultrafast food freezing equipnment in which a precise

dose of liquid nitrogen for such food is used.

Yet another object of the invention is to provide an
ultrafast food freezing -equipment that permits o
establish a steady state production process, due to the
food to be frozen can be contained in its final packing

previous to sealing.

Tt is another object of the invention to provide an
ultrafast food freezing equipment with maximum efficiency

in the consumption of ligquid nitrogen used.

Another object of the invention 1is to provide an
ultrafast food freezing equipment in which freezing is
obtained trough a fast and precise dosing of liquid

nitrogen directly to product to be frozen.

It is still other object of the invention to provide an
ultrafast food freezing equipment in which a precise dose

of liguid nitrogen for such food is used.
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- 17 Oher object of this invention yet, it is to
provide an ultrafast food freezing equipnment with

hi ghly conpetitive costs,. 5 These and ot her objects
and advantages of the invention are going to be
evident in the light of the follow ng description,

whi ch is acconpani ed of a series of Figures for the
preferred enbodi nents of the ipyvention, which 10 nust
be understand as made for ilTustrative purposes and
not limtative of the teachings of the invention. BRI EF
DESCRI PTI ON OF THE I NVENTION 15 In view of the

previ ous devel opnents, specially in the field of food

pr8§ﬁé¥a%b %c%yciﬂS@%nginbén%§oHegosd @t deyel OpERBYide an

an-equi pment e to reduce { cryogenic

f k ff ing.. .
féﬁﬁ%%%?aﬂar?gaé <§ehat %éu%w%igﬁax%ﬁh%l%g&&{ FEgpeditive

harm essness and shelf life to market; equipnent of
théOFhﬁention, herei nafter called UFGF (ultra-fast
gravity freezing) has been devel oped to obtain high -
18

These and other objects and advantages of the invention
are going to be evident in the light of the following
description, which is accompanied of a series of Figures
for the preferred embodiments of the invention, which
must be understand as made for illustrative purposes and

not limitative of the teachings of the invention.

BRIEF DESCRIPTION OF THE INVENTION

In view of the previous developments, specially in the
field of food preservation by freezing, it 1is needed a
development of an equipment capable to reduce costs of
cryogenic freezing in order to make it affordable to
freezing food enterprises, so that to offer maximumn
quality, harmlessness and shelf life to market; equipment
of the invention, hereinafter called UFGE (ultra-fast

gravity freezing) has been developed to obtain high




5

10

15

20

efficiency in the consunption of liquid nitrogen based
on the quick and precise dosing of liquid nitrogen to
the product to be frozen, resulting in highly
conpetitive costs. 5 UFGF equi pnent of the invention
represents a great inprovenent to the technol ogy
applied by the nethods known nowadays to freeze food,
which not provide quality anddife shelf for the
frozen product as the equi pnment of 10 the invention.
An advant age of the equi pnment of the invention is that

'tef@@&l@ﬁegugﬁstﬁbOBGEEQQpEEMﬁt@kslhaukﬁen@tﬁdgéh based on
because It “uses dosed liquid nitrogen which gets quick

an hgrﬁﬁﬁ%ijék&o %ggﬁswidBSﬂﬁaf&@dlléﬁ§@ﬂd¥1ﬂa§%n to the

ecules a ormng mcro-crystals which, due

to their_size, roduce es t -
th@rﬁgPFE TFhlgeklﬂﬂo%?g’fﬁgng%g i%s 0D eggﬂggtltlve
the speed in the contact of the Iqu|d nltrogen with
t he©fedd (at -196C or -325F) 20 and because the dose in
the exact quantity of the liquid nitrogen, as required
by the objective food.. - 19 The equi pnment of the
i nvention provides a series of

UFGF equipment of the invention represents a great

improvement to the technology applied by the methods
known nowadays to freeze food, which not provide quality

and life shelf for the frozen product as the eguipment of

the invention.

An advantage of the equipment of the invention is that it
not produces elongated crystals in the product because it
uses dosed liquid nitrogen which gets guick and precise
contact with the food, freezing the water molecules and
forming micro-crystals which, due to their size, do not
produce damages to the wall of the cells; this kind of
freezing is obtained because the speed in the contact of
the liquid nitrogen with the food (at -196°C or -325F)
and because the dose in the exact guantity of the liquid

nitrogen, as required by the objective food.
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advant ages when provides a real ultrafast freezing; it
not requires |large spaces for install, it is |ight

wei ghed, its costs are reasonably | ower than those for
5 conventional tunnels wi th equival ent capacity of
processi ng which freezes by gas aspersion, where it is
the gas and not the liquid that contacts the surface of
the food to be frozen, delaqug%phe freezing and
producing crystals with sizes at can produce damages
to 10 the food cells. UFGF technology is effective and

opkhgl Zes iR qualdd y 1@k thecheodn PreSeIaéag 4 heldries of
orlglnal properties such as vitamns, mnerals and

ProLeLns., ?E' ’&Jthaér{“ﬁgﬂow&gé"‘“hloégl 1515%%&%% dﬂé@zgmg, it

free2|ng, orting and storing, sui tab
condj ti ons, there ore t he erties.of .t f oo
mal'At ai FRIFhE G2t . L OUERFE & ?%%&3% nofj¥§ﬁﬁﬁfeslhlgﬁs tight

investnments in 20 acqui sition, |nstalllng or oper tion

ar 6asShednpdited §0°5LT hatRi gIFaceird o tAESEoflient i'oHaF® tor

cryogeni c freezing equipnments, such as gas aspersion

t unnelent ionakr siomnely  twibih wi eleudosiendp t 6apgeity  of

times higher than in the equipnent of the invention.
processing which freezes by gas aspersion, where 1t 1is

the gas and not the liquid that contacts the surface of
the food to be frozen, delaying the freezing and
producing crystals with sizes that can produce damages to

the food cells.

UFGF technology is effective and optimizes the quality of
the food, preserving their original properties such as
vitamins, minerals and proteins, maintaining them without
changes during freezing, transporting and storing, under
suitable conditions, therefore the properties of the food

maintains intact.

UFGF  equipment  not regquires high investments in
acquisition, installing or operation areas, compared to
the high costs of the conventional cryogenic freezing

equipments, such as gas aspersion tunnel or immersion
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Cost inpact of cryogenic freezing, either by aspersion
or 5 imersionis from1l5%to 50% whereas in UFG-
equi pnent it is 5% to 25% depending on the food to be
frozen; the productive line in the case of aspersion
or inmersion is intermttent (batch), whereas in the
UFGF it is continuous (steady state), avoiding costs
for extra time 10 and excess personnel . Wen
conparing the areas for install and operate the

equi pnents by aspersion and that of the invention, this
onguhustyfequidest? tup 6tequape ABHEES hidtide Hhﬁﬂllﬁn the
aspersion tunnel requires at |east of 40 n2. BRI EF

unggﬁgg gyng OEHE Ehggggﬁtggegogfatﬁgttg;sten1of t he

invention, following is a series of Figures and
dr awi ngs intended to showin an illustrative may, the -
21 characteristics of a preferred enbodi

t he
SySPEh LMhpChoat FAYEHANL BECFPAFar PrGhBE PY. FPgEFson o
1 is a schematic illustration of a frontal view of 5 a
pr éfeeredornbedifrem b3St he PAVenti'Gfeal g eUPal| §agipment
schematic illustration of a lateral view show ng the
ri ght isi dé dfo thes pdependidgenbodhrerfiocst ttichébe frozen; the
productive line in the case of aspersion or immersion is
intermittent {batch), whereas in the UFGF it is

continuous (steady state), avoiding costs for extra time

and excess of personnel.

When comparing the areas for dinstall and operate the
equipments by aspersion and that of the invention, this
one just regquires 2 to 6 square meters, while the

aspersion tunnel requires at least of 40 m’.

BRIEF DESCRIPTION OF THE FIGURES

For a better understanding of the advantages of the
system of the invention, following is a series of Figures

and drawings intended to show in an illustrative way, the
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equi pnent of the invention. 10 Figure 2b is a schematic
illustration of a upper view of the bottom of the
liquid nitrogen contention tank in the preferred
enbodi nent of the equi pnent of the invention of

Figures 1 and 2a. 15 Figure 3 is a schematic
illustration of the phase separator in the preferred

enbodinent of the equi pnent ofllthe invention in Figure

20 Figure 4 is a schematic illustration of the front

view of the preferred enbodi nent of the equi pnment of

th@ha£§¥€@£i991b3 Bfg%r%r%féﬂyeﬁ'Hhﬁdﬁiﬂﬁﬁﬂ1of the system,
conmponents. - Figure 5 is a schematic illustration

of 1bg f Of#t h8m58fbetEEmPEQE?GéegfeﬁpOd'nent of the

equi pnen

nvention in Figure 1, show ng the

mai n control conponents. 5 Figure 6 is a schenatic

illustration of the right side view of the preferred

enbodi nent of the equi nent f t he |nve9t|og Figure
'e) ront

vicw of

1, FSHBHE ng %ﬁeanﬁFﬁe@B tFol PustrCeion

a preferred embodiment of the invention.

Figure 2a is a schematic illustration of a lateral view
showing the right side of the preferred embodiment of the

equipment of the invention.

Figure 2b is a schematic illustration of a upper view of
the bottom of the liquid nitrogen contention tank in the

preferred embodiment of the eguipment of the invention of

Figures 1 and Za.

Figure 3 1is a schematic illustration of the phase
separator in the preferred embodiment of the equipment of

the invention in Figure 1.

Figure 4 is a schematic illustration of the front view of
the preferred embodiment of the equipment of the

invention in Figure 1, showing the main components.
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conponents. 10 Figure 7 is a schematic illustration of
the preferred enbodi nent of the equi pnent of the
invention. Figure 8 is a perspective view of a

contai ner capable to 15 be used for freezing in the

equi pnent of the invention.. Figure 9 is a schematic
illustration of the container in Figure 8, show ng the
id of the discharge nozzles _ sidered in the tests of
di spensing for the equi pnent of the invention.

Figure 10 is a graph showing the variation in the

ampupt 0t L5qHi dcAbkhEegenidispensedonastrachunctban ofiew of
the - 23 dispensing tinme, in a test for dispensing

hogRQen%ier}fegfredl i S%{%%ﬂrﬁérpcgenofr oygh t %ﬂ%& . of the

Fi gure s agra ow ng the distributio

tenperatures at twg,locations in an. article processed

Wi ?ﬁv?ﬂEl%ﬂui ﬁ'r?en}/\&cﬁufﬁe i(invenﬁ Fon " 4s nguncntlalllonn of ontrol
the tinme, during and after the dispensing of liquid

ni €PBERRSES10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The description beloww Il be referred to the Figures
referred above, that nust be understood as illustrative

Figure 6 is a schematic illustration of the right side
view of the preferred embodiment of the equipment of the
invention in Figure 1, showing the main control

compenents.

Figure 7 is & schematic illustration of the preferred

embodiment of the eguipment of the invention.

Figure 8 is a perspective view of a container capable to

be used for freezing in the equipment of the invention.

Figure 9 is a schematic illustration of the container in
Figure 8, showing the id of the discharge nozzles
considered in the tests of dispensing for the equipment

of the invention.

Figure 10 is a graph showing the variation in the amount

of liquid nitrogen dispensed, as a function of the
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of the preferred enbodi nent of the invention and not as
15 imtative of the inventive concept. Common el enents
in Figures show the same nunbers in all of them This
invention is referred to an equi pnent for freezing of
articles, preferably food, either raw or cooked, in 20
groups of individual portions arranged and confi ned
into a pack for public sale. 24 Figures 1 and 2
schematically illustrate an eé%odlnent of the

equi pnrent of the invention, referred as a whol e by

nugbeke£40Q), t@ﬁﬁprh%lQgtﬁﬁﬁhaﬁﬁz3@P§¢@ﬁ§£n&1ﬂ@mo?éneity of
di spensi ng zone for liquid nitrogen (120), contro

mean u?df8£E9688§”§k89 g1§9% ngrQ@gd (140) for

conviylng materi a ozen towards and from
the equi pnent, a tunnel type cold chanber (150), and
an exit for nitrogen gas to the atnosphere (160). 10
In Figure 2 it is shown in detail,

sch
TFLatPaci Sh e & SpEng TBHENA 20shS o1 Sf EpkfRution  of
nitrogen, conprising a tank (121) with vacuumi sol ated
wal Bp¢n2BEredefdni hgoa torativiesr (p223nf grrfiicdi dprocessed
nitrogen under atnospheric pressure, thanks to an vent
15w{4R25)hepequi pnattosphehe, ihveat #dni nashe €apctigd)of the

time, during and after the dispensing of liguid nitrogen.

DETAILED DESCRIPTION OF THE INVENTION

The description below will be referred to the Figures
referred above, that must be understood as illustrative
of the preferred embodiment of the invention and not as
limitative of the inventive concept. Common elements in

Figures show the same numbers in all of them.

This invention 1s referred to an eguipment for freezing
of articles, preferably food, either raw or cooked, in
groups of individual portions arranged and confined into

a pack for public sale.
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covering the entrance of the tank (121); in the m dst
of cap and tank, if required, a seal to prevent | eaks
of nitrogen towards the work zone, where personne
stands, is used. Tank (121) has a bottom wherein a
plurality of 20 holes is |located, for the exit of
liquid nitrogen; in Figure 2b a preferred enbodi nent
with 8 exits, referred by (1%9@), (126b), (126¢c),
(126d), (126e) (126f), (1269) 25 and (126h), is
shown, being located in two parallel rows wth 4 holes

eaghyapdsbei pAACOr espaRdent by paitstradbt haughobiuguee: of
2b |?Iustrates the preferred enbodi mrent 5 of the

ethQn%gtu’Lt‘pWetnl% 8, £Xt8 li%%fe'iﬁltlo‘?lr |4 gl Bre i HEOGEMNhdTe by

practic equil pnent can e desi gned to satlsfy t he
reqU|renen user, addin n
modr S Fhg |f%8Yaycﬁﬁmp?%ﬁﬁp pt° téﬁgﬁ&i %F a%%F ogttlis @

container to be frozen;_ it |s OSSIb|e %q¥ 1
dedePPBRALBE| BR1°t & Cdsd i 4,2 coRprol means

avai |l abl e holes, for a speC|f|c appllcatlon Tur ni ng

babkrt clifiRA® @A, (R@erneat Parke (AAK) (18aY &waveyang the
part of the dispensing zone, neans (130) for contro
15m@tedi3pen@|m$zﬁmpiﬁmatedardheaadeir@mrﬁb@s@ﬂ@&@mﬁnt: a
wi th high density pol yurethane foaminside. It can be
Seelinh®1 type cold chamber (150}, and an exit for nitrogen

gas to the atmosphere (160).

in Figure 2 it is shown in detail, in a schematic
illustration, the dispensing =zone (120) for ligquid
nitrogen, comprising a tank (121) with wvacuum isolated
walls {123y, defining & container (122) for liguid
nitrogen under atmospheric pressure, thanks to an vent
{125) open to atmosphere, located in the «cap {(124)
covering the entrance of the tank (121); in the midst of
cap and tank, if required, a seal to prevent leaks of
nitrogen towards the work zone, where personnel stands,
is used. Tank (121) has a bottom wherein a plurality of
holes is located, for the exit of ligquid nitrecgen; in
Figure 2b a preferred embodiment with 8 exits, referred

by (126a), (126b), (126c), (126d), (l26e), (126f), (1z6qg)
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the | ower part of the Figure, 4 protrusions
representing the nozzles (131a), (131b), (131lc) and
(131d) which correspond to holes (126a), (126b),
(126c¢) and (126d), 20 respectively; behind these
nozzl es there is another identical set correspondi ng
to parallel holes (126e), (126f), (126g) and (126h).
Each nozzle is associ at ed ta & sol enoi d act uat ed
cryogeni c needl e valve (not showed); - 26 each
cryogeni c val ve being controlled by an actuator,

prefarabbenef tihe HREWTBHS Yy Pebcddedlaln {dS2Pdrallel rows
(132c) and (132d), respectively, in the illustrated

vi ﬁ!’t?% Cppt Lg! cTBANSnA" Be CR Lepeotednubhh devigesstor
detection, transmssion, display and control ©Of" other
vari abl es, such as a level indicator (300) for nitrogen
inside the tank (121), liquid nitrogen | evel regulator
(310%, and nitrogen gas_fl owreter & 20). 10 Fee ingbo&. ‘
| i QLFACHPEr §deTtnt P t he 1 FaRk3FES 1)1 RETTT Y ofiftPoc tmen
fromthe phase separator (110) trough the feed hole o
(128= thet heauppaenzone Waftlt hé t k{22195l Ref@F ri hgauic
now to the phases separator (110), schematically
i | histoated in detamitliden Filgureq8ipienhasaa be designed to
satisfy the requirements by user, adding or zreducing
noles or modifying its layout, to adapt to that of the
food container to be frozen; it 1is possible too, as
described below, to use Jjust a subset of the total

available holes, for a specific application.

Turning back to Figure 2a, underneath the tank (121) and
as a part of the dispensing zone, means (130) for control
of dispensing are located; the area being isolated with
high density polyurethane foam inside. It can be seen in
the lower part of the Figure, 4 protrusions representing
the nozzles (131a), (131b), (131c) and (131d) which
correspond to heoles (126a), (126b), (lZ26c) and (126d),
respectively; behind these nozzles <there 1s another
identical set corresponding to parallel holes (126e),
(126f), (126g) and (126h). Each nozzle is associated to a

solenoid actuated cryogenic needle wvalve (not showed);
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liquid nitrogen feed froma storage tank (not

illustrated) through a tube header (111), through a

control cryogenic valve (112) up to a discharge (113)

20 which permts the liquid nitrogen entry into the

chanmber (114) wherein the liquid nitrogen renmai ns at
anbient pressure while the vent of gas is permtted
through the exit (115), maintaining an adequate |evel

of liquid - 27 nitrogen to be fed, through the

inferior duct (116) to the dispensing section (120);
fipakhy dhedd ik dBihke0gesi ngoesnte diheddi spensi ngctuator,
zone (120)" through the duct (117). 5 In the dispensing
20pPed20b1 a8 ¢! IS A el g e (hsodhe Ligubd, (132¢)
ni tfank at

rogen s dispense rom the at nospheric
pressur 1) by sinple.gravity, flow of, Liquid.
ni?Fagéi3%%§0uéﬁ¥Pﬁggﬁgﬁég’(i@G?h?nlp%%S 5?#%§1Q%T57)
of the tank (121), towards the plurality of nozzles 10
(131) that permt the liquid nitrogen directly pass to
the center of the upper surface of each article to be
f r 6zehyrobhi ohedms casecof fowBlc®OREEdpondstito slfyices  for
i ndi vi dual portion. The level of liquid nitrogen in the
t ankt €321pndeteran sress ¢ hen hydiestlatyi caprdessureroh tidfe other
15 bottom of the tank and so, the anount of |iquid
Ni {5908Ples, such as a level indicator (300) for nitrogen

inside the tank (121), ligquid nitrogen level regulator

(310), and nitrogen gas flowmeter (320).

Feeding of ligquid nitrogen into the tank (121) is carried

out from the phase separator (110) trough the feed hole

(128= in the upper zone of the tank (121).

Referring now to the phases separator {110},
schematically illustrated in detail in Figure 3, it has a
liguid nitrogen feed from a storage tank {(not
illustrated) through a tube header (111), through a
control cryogenic valve (112) up to a discharge (113)

which permits the liquid nitrogen entry into the chamber

(114) wherein the ligquid nitrogen remains at ambient
pressure while the vent of gas is permitted through the

exit (115), maintaining an adequate level of liquid



5

10

15

20

passi ng towards the nozzles (131) fromthe holes (126)

per time unit; hence the inportance to naintain contro

on said level, as indicated below. 20 In order to have

an efficient freezing, it is necessary that the

di spensing of liquid nitrogen be done in a sufficient
guantity to guarantee the food portion freezing;

determ nation of the quantity ép_pe di spensed - 28

wi || depend on the nature and properties of the product

to be frozen, which as descri bed above, are critical in
Caﬁ?t?EgEHOqKD'@eOE@%ﬁ Lo quaantee thakribs duct (116) to
nrtrltl Sal_ ang organol eptic characteristics are not

a red.durin t roc r, dyri t stor, [
co%gecﬁéﬁggp g“@eﬁggtegﬁtﬁéﬁgﬁy g#%??%yiEﬁﬁhﬁghrggangrogen
t he equi pnent has been equi pp ith a ve recis
CoRPPYI Ty Sheri f SPeaaRe: LG Cof 1P hurBERFERoGER PHEE (417
permtted to reach the article or articles to be

frozen; thus, in Figures 4 to 7 said 10 control system

is illustrated Wth reference to Figure 4, illustrating

t hénbaskecdiebenemnty ebnehdléntreb sydvemrpsed igufdoure 4,
nitrogen; the elenents described are conmon to each

onehef theueéxitaiefodbnli qui ddispetbey arfecmef éheedtask at
a whole by its main

atmospheric pressure (121} by simple gravity flow of
liquid nitrogen through the holes (126) 1in the bottom
{127} of the tank (121), towards the plurality of nozzles
(131) that permit the liguid nitrogen directly pass to
the center of the upper surface of each article to be
frozen, which in case of food, corresponds to one
individual portion. The level of liguid nitrogen in the
tank (121) determines the hydrostatic pressure on the
bottom of the tank and so, the amount of liguid nitrocgen
passing towards the nozzles (131} from the holes (126)
per time unit; hence the importance to maintain control

on said level, as indicated below.

Tn order to have an efficient freezing, it 1is necessary
that the dispensing of liquid nitrogen be done in a
sufficient quantity to guarantee the food portion

freezing; determination of the quantity to be dispensed
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nunber, i.e. (131), without any reference to the letter
which differentiates its position, (131a), (131b),

etc., so, there is a plurality of nozzles (131) to

di scharge the liquid nitrogen flow ng by action of
gravity fromthe 20 tank (121) at atnospheric pressure,
the nitrogen going out though the holes |ocated in the
bottom (126); the flow of liquwd nitrogen up to the
nozzles (131) is stopped by the action of the
cryogenic valves (135) - 29 preferably of the type of

negdl e wabwas: dMt{hétﬁa@ﬁiéVgnde@&&@%hil@ﬁﬂﬁfothe product
stainl ess steel; cryogenic valves are located with its

stem harizont gl "VJQQM?”SSdgﬁéewéﬂéd'ddﬁ#éjfﬂﬂéoéfftlcal in

fI?ms Vertical en the cryogeni c
val ve oper at ed; each_cryogenic v 3
caF?B?a? d%98%d|§3h§F a%%erQ%ﬂ% é%t??gk %ts(% é%a£§onal
nitrogen per tinme unit and it is actuated
pné@ﬁapﬁéaé@ﬁﬁﬁﬁﬁc(QEEBa%ﬁ?qﬂ%ﬁ%c%u%ﬁ?|&9§(é%ﬁﬁr?%rdurlng
openi ng/closing; air supply to the actuators is offered
10thy mré=eagsosofendind Vhbvetei33y"impepati shagpers. Being
5-ways sol enoid valves (133) is based on successive
openletaseyperiads, el ectits cabbyrdonthel lcethipmerd thae been
controller (200) or tinmer, in which the operator
equipped with a very precise contrcl system for quantity
of liquid nitrogen that is permitted to reach the article

or articles to be frozen; thus, in Figures 4 to 7 said

control system is illustrated

With reference to Figure 4, illustrating the basic
elements of the control system for ligquid nitrogen; the
elements described are common to each one of the exits of
liquid, so they are referred as a whole by its main
number, i.e. (131), without any reference to the letter
which differentiates its positicn, (131la), (131k), etc.,
so, there is a plurality of nozzles (131) to discharge
the liquid nitrogen flowing by action of gravity from the
tank (121) at atmospheric pressure; the nitrogen going
out though the holes located in the bottom (126); the
flow of liquid nitrogen up to the nozzles (131) 1is

stopped by the action of the cryogenic valves (135)
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15 can select the opening time, Figure 5 illustrates
the electric lines with a double solid line, i..e,,
the main source (210) and operation |ines (220) for
5-ways valves; the pneumatic |ines (136) for feeding
the sol enoid valves (133) are crossed by oblique
lines. Control neans further 20 include a genera

switch (230) and an actuator_ (2#0) for the cryogenic
val ve (112) for feeding of liquid nitrogen fromthe
tube header (111) comng froma storage tank (referred

b¥%959@§£b1§0gk iR cFitgiee of) needB0 vdTvas sSivptie its active
enbodi ment of the equipnent, time control (200) is set

by hand, aod [he SLArtoeaf ARL S IEEZINY E¥GhEenkOl dives are
Fon al ner |3 made by hand too, once the oOpérator 5
ocates said, contai ner_.in sit.ion . under the set of
30 9FeEef 131y st af ?ngsq%p?ﬁoﬁé'zo %yangrtlﬁ)é&"ee dre°”
i scharging the liquid nitrogen iis made when t
acli@ReR TBTTSR g%b§>W$sv§F'g§§é&. R NGt ALyt Heen the
bottom of the tank (121) is |leveled, so the height, of
| i guvdaanieogenvies UniFlor he abPany tEEF nieachyuafr ard el pgvalve
a uni form hydrostatic pressure, as denonstrated in
conpas at iive ¢&silsr peed ok pediitswhdetas i neerthénpotentlialy of
flow differential done anong the eight
liguid nitrogen per time unit and it 1s actuated by a

the

pneumatic actuator (132) with air suppliers (134) for
opening/closing; air supply to the actuators is offered

by a 5-ways solencid valve (133).

Operation of 5-ways scolenoid valves (133} 1is based o¢on
successive open/close periods, electrically controlled by
a time contreoller (200) or timer, in which the operator
can select the opening time. Figure 5 illustrates the
electric lines with a double solid line, i.e. the main
source (210) and operation lines (220) for 5S-ways valves;
the pneumatic lines (136} for feeding the sclencid valves
(133) are crossed by cblique lines. Control means further
include a general switch (230) and an actuator (240} for
the cryogenic valve (112) for feeding of liquid nitrogen
from the tube header (111) coming from a storage tank

(referred by number (500) in Figure 7).
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15 nozzles in the test equipnent. Variations in the
level of 1liquid nitrogen in the tank are nmintai ned at
mnimum by a level regulator (310).. The test
consisted in dispensing liquid nitrogen through 20 the
ei ght nozzles, in an arrangenment corresponding to the
operation of an equi pnent with food to be frozen
confined in a tray type contaiper (600), such as that
in Figure 8, described in the Internationa
application WO 2007/011199 - 31 (Maccise, 2007), wth
nozzl es |l ocated on the center of each cavity and
nunbered according to the tenplate (700) in Figure 9.

Resyl t.s EaRle b Tabl g dediol bewiiie:  3qhaBhent, - £&ﬁ€ E@ﬁtrol

honngenelty i'n quantity of nitrogen dlspensed t hr oug

ozzl es the tes nt | I
N ‘gfg@%gNlEkéﬁfog’é) ﬁazﬁ“%é’%?gw? %WE%E%% Frele
1505..05.0 5. 50503)050 10 0 10 O
9. 6°9. @ BPH-ALF 16500age1 B HE'Y 18%0 BE 1%h% ?8663‘301‘
16.0 16.0 4 21.0 1,0 21..0 22.0 22.0 22.0 22.0 22.0 5
3010cat1e9 3\l 2g@tzuineg: 32n0 Beshtlgno under the set of

nozzles (131). Starting the timer (200) and therefore
discharging the liguid nitrogen is made when the actuator

button (250) is pressed.

Note that the bottom of the tank (121) is leveled, so the
height of 1liguid nitrogen is uniform at any point,
guaranteeing a uniform hydrostatic pressure, as
demonstrated in comparative tests performed to determine
the potential flow differential done among the eight
nozzles in the test equipment. Variations in the level of
liquid nitrogen in the tank are maintained at minimum by

a level regulator (310).

The test consisted in dispensing liguid nitrogen through
the eight nozzles, in an arrangement corresponding to the
operation of an eguipment with food to be frozen confined
in a tray type container (600), such as that in Figure 8,

described in the International application WC 2007/011199
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6 8.0 38.0 38.0 37..0 38.0 39.0 38.0 37.0 7 0.0 51.0
51.0 51.0 52.0 51.0 52.0 53.0 8 59..0 60.0 59.0 60.0
60.0 59..0 60.0 59..0 9 65.0 66.0 66.0 7.0 66.0 67.0
68.0 67.0 10 75.7 76..0 760 76.0 76.0 77.0 77.0 It is
observed in the table 1 that neasurenents reflect
uniformty in dispense; in the graph in Figure 10 it
10 coul d be appreciated minimg, variations in volunes
di spensed. - 32 The container]Tor transport of
articles to be frozen should be confornmed in a way to

eag, per L on 9fp food,{of nbpdi¥kdualcardd cbe) the center of
confined in one cavity, narrow enough so as to

g?gégﬂt83v£9?§a%%eﬁﬁaﬂéyéaié%%ﬁ;ﬁ%ég’ﬂ&'@Eéh@eﬁﬁﬂégé (700)

ch cavi and guarantee t e that eac

nozzle,is located just on such_center. The.cavity can
ha¥® ghgugﬁage,RBE%EBFe?é?abPeTﬁBQ? ge g gl?ﬁlﬁﬂrch

the article to be frozen be | oose accommodated in it.

10 To |l ocate the container in position, as illustrated

in Figure 1, the equi pnment of the invention is ,
conpTabdd 1w TAsh f@éngﬁ@@ﬂéﬁe{-HMO}? fuantipy PhenkiFhgIcn
of rollers, extending froma distance before the body

of tdiespensed through eight nozzles in the test equipment.

DISPENSED LIQUID NITROGEN (kgX1000) PER NOZZLE
TIME
(S) 1 2 3 4 5 6 7 8
1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
2 10.0( 10.0 | 10.0 2.0 2.0 10.0 | 20.0 ¢ 10.0
3 15.0| 16.0 | 16.0 | 16.0 | 15.C¢ | 15.0 | 16.0 | 16.0
4 21.0[ 21,0 | 21.0 22,0} 22.0|22.0| 22.022.0
5 30.0( 31,0 32.0 29,0 31.0 | 32.0 | 32.0} 3C.0
6 38.0| 38,0 38.0 | 37.0 | 38.0 | 39.0 | 38.0 1} 37.0
7 50.0[ 51.0 | 51.0 | 51.0 | 52.0 | 51.0 | 52.0 | 53.0
8 59.0| 60.0 | 53.0 | 60.0 | 60.0 | 59,0 | 60.0 | 59.0
9 65.0| 66.0 | 66.0 | 67.0 | 66.0 | 67.0 | 68.0 | 67.0
10 75.0 ] 75.0 { 76.0 | 76.0 { 76.0 | 76,0 | 77.0 | 77.0

It is observed in the table 1 that measurements reflect
uniformity in dispense; in the graph in Figure 10 it
could be appreciated minimal variations in volumes

dispensed.
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equi pnent, enough to acconmobdate the container on it;
the 15 container is dragged until its position bel ow
the nozzles (131) for freezing, and then it is carried
out to the next section of the process of food. In a
test to determne the profile of tenperature 20
produced with the passing through the wall isolated
chanber (150), sanples of su§h{-nplls were frozen
putting a thernocouple "1" in :%e center of the roll
and a thernocouple "2" in the interior wall of the

MOSHOW S z1 35 lrayertphnkpsrtolds ERtachssares be frozen
indicated in Table 2, following; it is inmportant to

[
po%ﬁén?Htbgh%%ngpﬁméﬁwﬁkeglg&%‘%dM%%EHQ§§Ftignaof food (or

container wt er 6ro , so the data in Table 2

are values for_7 c lete rolls.. Tabl e Tes}. .
Pa?ﬁﬁéYéggaﬁoralitﬁe&e anple “Rot "W t her rr%rclz%u Cef;lg}s:'tty'l"errf)larIOW
ple Time LN2 Thernocouples Tine Environm, K 25 s.1 entgr .
SpPE§UAN650 REs 'P iMRIARNGe d0iak iR article 1S located in

the center of each cavity and guarantee therefore that
cach nozzle is located just on such center. The cavity
can have any shape, but preferable must be one in which

the article to be frozen be loose accommodated in it.

To locate the container in position, as illustrated in
Figure 1, the equipment of the invention 1is completed
with a transporter {140), i.e. of the kind of rollers,
extending from a distance before the body of the
equipment, enough to accommodate the container on it; the
container is dragged until its position below the nozzles
{131) for freezing, and then it 1is carried out to the

next section of the process of food.

In a test to determine the profile of temperature
oroduced with the passing through the wall iscolated
chamber (150), samples of sushi-rolls were frozen,
putting a thermocouple “1” in the center of the roll, and

a thermocouple “2” in the interior wall of the most outer
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Surim 1.4223 m A predefined dose of liquid nitrogen,
suitable for freezing a conplete roll with
characteristics of the 10 ingredients used to prepare
it, is applied for 25 seconds with the results in
Figure 11; observing the high inpact | tenperature and
time to take down until tenperatures below -170C and
the increasing tine, delayed tp;reach a -21C
tenperature in a 15 mnutes period, exposing the 15
product to a environnmental tenperature of 7C, providing

ti meyepough techapgl e, theipriaduckrap iRiitha endiaf thee 2,

process wi t hout physical changes.. - 34 1In the
pr nbodi ment, Y n r
PSSO, R R SRV 8 e e

(150 i ns ern1 d r ody

N EPbbetaEi CROZRA ORyGeoBbSI M mbsbheranonl nig 3} 5o the
tenperature | ow enough so as to p;rn1t he Iy

ni Eregeh”cOAPABt FngrEnE2pPBEessed’ obPRRLSES Egﬁkﬁnue
cooling it (as a function of the characteristics of the
product itself), maintaining the tenperature

distribution profiles in the frozen article.
Table 2 Test Parameters for the example

Roll
w/thermocou Test Temp
ple Time LN2 | Thermocouples Time Environm
25 s 1 center

Spicy _ .
1.650 kgs 2 int. wall 30 min 7°C

Surimi
1.4223 m’

A predefined dose of 1liquid nitrogen, suitable for
freezing a complete roll with characteristics of the
ingredients used to prepare it, Is applied for 25 seconds
with the results in Figure 11; observing the high impact
I temperature and time to take down until temperatures
below -170°C and the increasing time, delayed to reach a
-21°C temperature in a 15 minutes period, exposing the
product to a environmental temperature of 7°C, providing
time enough to handle the product up to the end of the

process without physical changes.
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10 Transporter (140) has a slot (160) through which the
nitrogen gas, produced by the thermal shock between the
liquid | eaving the nozzles (131) and the surroundi ng
air or the surface of the article to be frozen and the
15 container, is drawn; the suction (provided by a
extractor connected to the exit duct (190) of the
chanber (150)), produces a c ain at the entrance to
t he chanber (150) preventing the diffusion of nitrogen
gas to areas occupied by personnel; the nitrogen gas

preducede | $1r2@cfitbhersriddemtral ong t henehamheen{ldl) che
above and below (180) of the frozen containers, as

:gé%iggggrpgfag%gw§%isigge§0Lg ghagbet g1§911i§sbhatgsdcold

ista reezing point by a slot

(170% Wt h quivalent - 35. functign . I
(1603 o PR ber S ES RF  Paigh Bhst et Bt PEaflfb produce
through a duct (190) connected to an extractor (not
i | PusPiEFBEFREEI68 vERCed TV W er & T8 HlfUre 7 75 2
a schematic diagramillustrating the installation o
r egeipetc toropetare eheushui prenss(100) Bermihe the liquid
i nvention, including the deposit tank for |iquid
ni ht ogeget 50N ptacvatye thrai pr(EEFsaco pégelcat etbhecontinue
flow
cooling it (as a function of the characteristics of the
product itself), maintaining the temperature distribution

profiles in the frozen article.

Transporter (140) has a slot {160) through which the
nitrogen gas, produced by the thermal shock between the
liquid leaving the nozzles (131) and the surrounding air
or the surface of the article to be frozen and the
container, is drawn; the suction (provided by a extractor
connected to the exit duct (190) of the chamber ({(150)),
produces a curtain at the entrance to the chamber (1350)
preventing the diffusion of nitrogen gas to areas
occupied by personnel; the nitrogen gas produced, 1is
further guided along the chamber (150) above and below
(180) of the frozen containers, as indicated by arrows;
the cold chamber (150) is limited in the distal end of

the freezing point by a slot (170} with an equivalent
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of liquid nitrogen up to the tube header for feeding 10
(111) to the phases separator, and the isol ation
required (520) to reduce | ooses of cold by
transference to environnent.. CObserve that with the
equi pnent of the invention and an installation as the
illustrated, the requirenents of liquid nitrogen are
di m ni shed, as well 15 as the rsonnel, prem ses and
space, reducing the associated costs. Fromthe
functional point of view, the equipnent proposed in

the,hovephi op tsccompar abke) i Bcper ivedapeeorandyibogen gas
i nproves the equi pment existing at present in the

¥§et XgpgcgggvegﬁkgugﬁlyausggC%or (158) samBnkihd=0f 0 an

IVI I €S such as e ments based on i mrer si on
tubs In tes out to co are

pe??%?%%%%%s n?he?ﬁlﬁif %%gélﬁ%dbet% NTEduTe s HROTRI RS -

Tabl e 3: Table 3 Conparative analysis of the use of

liquid 5 nitrogen for the same basis of processed

product. I nmersion tub Equi pment of the invention Kg

of Fpyetkict 77, 560 72 500chenatsfisufpeidsrm o, ogy siraying  the

installation required to operate the equipment (100) of
the invention, including the depcsit tank for liquid
nitrogen (500}, a valve train (510) to regulate the flow
of liquid nitrogen up to the tube header for feeding
(111) to the phases separator, and the isolation required
{520} to reduce looses of cold by transference to
environment. Observe that with the equipment of the
invention and an installation as the i1illustrated, the
requirements of liguid nitrogen are diminished, as well
as the personnel, premises and space, reducing the

associated costs.

From the functicnal point of view, the equipment proposed
in the invention is comparable 1in performance, and
improves the equipment existing at present in the market,
and conventionally used for the same kind of activities,

such as equipments based on immersion tubs. In tests




LIN (nB) rate nB/ kgs 2.664 2.015 Sone advant ages
determ ned for the equi pnent of the invention, anong
others and fromthe point of view of the food
processed are as follows: 10 It remarkabl e inproves
the quality in any frozen food, due to the direct
contact between the liquid nitrogen and the food to be
frozen.. Nutrinental propertiges in the food remain
intact, 15 and because of the |low cryogenic
tenperature and speed of freezing, food stays

i npeeuods atitalds comare el fodndr-Sdibstigatd alibye obtained
i ncreases conpared to that of any other type of

fr?ﬁéiPquEE$S§ﬁ¥%§9igh@ab95iQinal characteristics and
properties of the food. It creates ice mcro-crystals
whi ch not harmthe 5 nenbrane of the food cell
preserving the original characteristics and properties
of food.._ | ermts to dispense precise |liqui L
nitrog@ﬁbaﬁsésgoWBaE?Féﬁeb?nggﬁal?ooge£5?09§%.OgDﬁéqyﬁd
the ultrafast dosing, freezing of the food

nitrogen for the same basis of processed product.

Immersion tub Equipment of

the invention

Kg of product 7,500 7,500
net consumption 19,983 15,112
LIN (m3)

rate m3/kgs 2.664 2.015

Some advantages determined for the equipment of the
invention, among others and from the point of view of the

focd processed are as follows:

e It remarkable improcves the quality in any frozen
food, due to the direct contact between the liquid
nitrogen and the food to be frozen.

e Nutrimental properties in the food remain intact,
and because of the low cryogenic temperature and

speed of freezing, food stays innocuous at all.
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10 considerably reduces to tines in the order of few
seconds dependi ng on the heat transfer velocity and

quantity of food. It pernmits to establish a

st eady-state production |ine, because e the food to be
frozen can be 15 contained in its final packing. It
of fers high security, since there is not risk to

direct contact by operators wiih liquid nitrogen. It

significantly reduces | oss of product since elimnmnates
the contact once it is frozen wthin its 20 fina

paCkhn98h§?@§§§%%aﬂﬁﬁﬂﬁ§u{g%@@y'H%éﬂg%ééB“%%ﬁE%Eed to that

required: It notice y ‘reduces the i nvestnment
since the costs equi pnent _and_.installati
represeﬂf b@?%eeﬁggﬁéb 8640 offfﬁgzﬁﬁgéstﬁe °ggshg toe

i n equipnments at _present. It reduces the siz
t he ope@a%gaﬂaép55@196t8é185§@a aadtBIQE@ga%?sfPgnFﬁﬁaF00d~

requi red by equipnents at present. Sone advant ages
regardi by operatéonicestsicrdOcrystals which not harm the

menbrane of the food cell, preserving the original
characteristics and properties of food.

e It permits to dispense precise liguid nitrogen doses
required by focd to be frozen.

e Due to the ultrafast dosing, freezing of the food
considerably reduces to times in the order of few
seconds depending on the heat transfer velocity and
gquantity of food.

o It permits to establish a steady-state production
line, because e the food to be frozen can be
contained in its final packing.

e It offers high security, since there is not risk to
direct contact by operators with ligquid nitrogen.

e It significantly reduces loss of product since
eliminates the contact once it 1s frozen within its

final packing.

Some advantages regarding the investment required:
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It reduces freezing cost since the consunption of
l[iquid nitrogen to be used is precisely dosed to avoid
an excessive consunption for |osses to environnent,
mainly. 15 It significantly reduces | osses of product
since it dimnishes the handle of it, increases
efficiency and productivity in freezing due to
exactness in dosing of quujd3¢rjrogen as required..
20 The previous description of the invention is based
in a preferred enbodinent, for illustrative purposes,

wher gi ny tHSF?QFEBﬂ?nEeBUEEHd@ﬁee&gbgsEﬂéﬁke§lﬁgé Ehe costs

dlspenS|ng 0 d n|trogen however, 1t coul
clear fo ski | r t

field, ?%a?qu%pmﬁng033| é%é%iﬁﬁ%sylgg ngg%&;‘lca
to sald preferred enbodlnent in such a way to fit th

equi pneftct d %CpeEiEf|®eopépg??*6ﬂen50rﬂﬁsﬁ%ngnf Tk nts at
particul ar user.. By exanple, in the 5 illustrated

enbodi nehesSAiEh eight nozzles, it is possible to
tenporarily close sone of them to operate a | ower
nunbar, 1say AHudds acbeMdigke Wy, tAe espifEidn space to be
originally fit up for operating a dozen of nozzles

coul d bgsadaphed, @k & dOWSOMWIRE! \ rdg®ird®: b eBuifiments

or 2 nozzl es,

?tween 30%

at present.

Some advantages regarding operation costs:

e It reduces freezing cost since the consumption of
liquid nitrogen to be used is precisely dosed to
avoid an excessive consumption for losses to
environment, mainly.

¢ It significantly reduces losses of product since it
diminishes the handle of it, increases efficiency
and productivity in freezing due to exactness in

dosing of liquid nitrogen as required.

The previous description of the invention is based in a
preferred embodiment, for illustrative purposes, wherein
the equipment includes eight nozzles for dispensing of

liquid nitrogen; however, it could be clear for a skilled
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10 without being limtative in a decrease by pairs.
Since the hydrostatic charge in the bottom of the tank
in the dispensing zone is uniform |ocation of holes
and so of the associated nozzles could be nodified
"from15 factory" to fulfill particular applications.
It is further possible to nodify the geonetry of the
vertical wall of the tank to sadapt a cylindrical
shape, or a flat- bottomregular prism wthout a

noti ceable effect on the distribution profiles for

| i gyt doRi tikogeme t @wanads chhe 201 dozzhes. 14 £s @aewible to
too that hand operations described regarding the

TLystyated el mente idhd hes pLef ar red erhedi mModrndd in
2 i

can be repla for automatic controls, permtting the

establ i shnment of high-volune. pr [ I j . -:1he .
an%u%?hé? e i%Pca ?%néth§¥B§§%%%§;eggdeﬁggﬁghﬁh éseratlon
skillgd gerson in the field shoul d be copsidered wthin
t heCRAbpEOBF £RE ISRAENtRONS CHIF Y hBSTF ght Yo PP Le, 1 the
following clains. - 41 - CLAIM5 Once the invention has |
be@hl@%g%@t%@dgmgm@%memg with eight nozzles, it is possible

to temporarily close some of them, to operate a lower
number, say 4. In a similar way, an egquipment originally
fit up for operating a dozen of nozzles could be adapted
for a lower number, i.e. 10, 8, 6, 4 or 2 nozzles,

without being limitative in a decrease by pairs.

Since the hydrostatic charge in the bottom of the tank in
the dispensing zone is uniform, location of holes and sco
of the associated nozzles could be medified “from
factory” to fulfill particular applications. It is
further possible to modify the gecmetry of the vertical
wall of the tank to adopt a cylindrical shape, or a flat-
bottom regular prism, without a noticeable effect on the
distribution profiles for ligquid nitrogen towards the

nozzles.

It is clear too that hand operations described regarding

the illustrated equipment in the preferred embodiment,




consi dered novel and therefore its property is clained,
5is: 1. An equipnent for ultrafast food freezing by
liquid nitrogen conprising: a. A phases separator, 10

b. A dispensing zone for liquid nitrogen, c.

Di spensing control neans, d. A transporter to carry the
material to be frozen towards/fromthe equipnent, e. A
tunnel type cold chanber, and f" A vent for nitrogen
gas to the atnosphere, wherein the liquid nitrogen
froma tank is fed to the phases separator at

at pRSPhRY | o P1 £SSHT &0t heut @ast Phasenksovent gsbtWitting the
at nosphere and liquid nitrogen is fed and mai nt ai ned
!neQEab?%éﬁﬁ@Ht29fCHE&HLOSEuHQdSEoé&B@§8ﬁeEEﬁeB[eSSUfe,
in the I spensing zone before it is dispensed on the
product to be frozen; flow of liquid nitrogen fromthe
tank to the product to be frozen is - 42 carried out

through a plurality of nozzles by . sinple gravity.
of FRETE afd o a1 | BAShy LEahtrpBf that can b8 evident to a
5 skilled person in the field should be considered within

the scope of the inventions, in the light of the

following claims.
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means al |l ow ng dosing the anmount of liquid nitrogen to
be dispensed; liquid nitrogen is 5 dispensed directly
on the product to be frozen, preferable confined in

its final packing, which once the liquid nitrogen

is

di spensed, is transported outside the dispensing zone
through a transporter covered by isolation nmaterial t

10 produce a tunnel type cold ,ghanber in which the
remai ning nitrogen around the product is gasified
produce a cold atnosphere; finally, at the end of

to
t he

o

cottgath@nber, nitrogen gas is vented to atnosphere and

the product follows its process of 15 packing and

storing.. 2.. An equipnent for ultrafast food freezing

by Iliquid nitrogen, according to claim1l, wherein

IS

th

e

liquid ni fed he gh | '
(1S pEOECUrTSUA I 0h, [P0 s TRt CTRE" Beparatoro” 1°

I nhe,

Sépar at or

and a separation of phases is.produced by reduction, of
orERRET oL | FOAESIer TieoT Shoaur 65, Pr RS T gt iy o4 tmed,
equi pment for ultrafast food freezing by
1s:
1. An equipment for ultrafast food freezing by

liquid nitrogen comprising:
a. A phases separator,
b. A dispensing zone for liquid nitrogen,

c. Dispensing controcl means,

d. A transporter to carry the material to be

frozen towards/from the equipment,

e. A tunnel type cold chamber, and

f. A vent for nitrogen gas to the atmosphere,

wherein the liquid nitrogen from a tank is fed to

the phases separator at atmospheric pressure; the

gas phase is vented to atmosphere and liquid

nitrogen is fed and maintained in an

container under atmospheric pressure,

isc

in

lated

the

dispensing zone before it 1is dispensed on the

product to be frozen; flow of liguid nitrogen

from the tank to the product to be frozen is
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liquid nitrogen, according to claim2, wherein the gas
phase in the separator is vented to 5 atnosphere. 4..
An equi pnent for ultrafast food freezing by Iliquid

ni trogen, according to claim1, wherein the liquid
nitrogen fromthe phases separator is 10 fed by gravity
to the isolated tank in the dispensing zone., 5. An
equi pnent for ultrafast fooq_ﬁ£§e;ing by liquid
nitrogen, according to claim4, wherein 15 the tank in
the di spensing zone is double walled wth vacuum

i sol ation.c 8., Ay egupretoder W tpatiastitQodofreedNgs by
by Iliquid nitrogen, according to claim4, wherein 20

the tank is;lg?i% gggggﬁlﬂ,ngféf%f%% héédf'c@ht%_tm%@d Hy @Bntrol

equi prrent ast” foo reezing by Iliqu

ni trogen, accordi to. claim6, wherein - 44 aid-flat .
botton1inqﬁ%?%znégﬁ?%ﬂQ%esgés%F%raFi?y %%Oﬁﬁft %Ieg&quld
connected to a plurality of _resgective di spensin

nozzl es. BigrogfTeqliconeft FOFPENEFSF ast 1Y fPéngﬁﬁn is

by dispensed directly on the product to be frozen,
preferable confined in its final packing, which
once the 1ligquid nitrecgen 1is dispensed, is
transported outside the dispensing zone through a
transporter covered by isclation material to
produce a tunnel type cold chamber in which the
remaining nitrogen around the product is gasified
to produce a cold atmosphere; finally, at the end
of the cold chamber, nitrogen gas 1is vented to
atmosphere and the product follows its process of

packing and storing.

2. An ecquipment for ultrafast food freezing by
liquid nitrogen, according to c¢laim 1, wherein
the liquid nitrogen fed to the phases sgeparator
comes from a pressurized line, it is fed to the
separator, and a separation of phases is produced
by reduction of pressure until atmospheric

pressure.
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liquid nitrogen, according to claim?7, wherein said

holes are distributed in pairs in such an arrangenent

that each hole is |located over the center of each

cavity containing the food to be 10 frozen in a

container wwth a multiplicity or pairs of cavities.

9., An equipnent for ultrafast food freezing by I|iquid
nitrogen, according to claim7,3wherein 15 the exit

hol es are distributed in the bottomof the tank in an
arrangenment such as each hole is |ocated only over the
center of each cavity containing the food to be

frozen, in a container wth a multiplicity of

cavitd es. ;20 1Qmiefaui phentuioraghstal 8§bdf 0O8deezing by
freezing by I|qU|d nitrogen, according to claim?7,

wherein a I bo f the ta nnect

with - 45%'a négz lt? %leségéﬁgé}?§qﬁfh ﬁg?%@ggﬁ pherein
the food to be frozen, throug gha valve in order to

control tR&%adéSof PARSSF | bk, 5°91, 5B HGA prient “Fored O

ultrafast food freezing by
atmosphere.

4, An equipment for wultrafast food freezing by
ligquid nitrogen, according to claim 1, wherein
the liguid nitrogen from the phases separator is
fed by gravity to the isolated tank in the

dispensing zone.

5. An equipment for wultrafast food freezing by
liquid nitregen, according to c¢laim 4, wherein
the tank in the dispensing zone is double walled

with vacuum isolation.

6. An equipment for wultrafast food £freezing by
liquid nitrogen, according to claim 4, wherein

the tank in the dispensing zcne has flat bottom.

7. An equipment for ultrafast food £freezing by

liquid nitrogen, according to claim 6, wherein
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liquid nitrogen, according to claim10, wherein the
exit of liquid nitrogen through each nozzle can be
prevent in such a way to permt dispense the |iquid
nitrogen only through the nozzles 10 | ocated on the
center of a cavity containing the food to be frozen in
a container wwth a nultiplicity of cavities. 12. An
equi prent for ultrafast food fygezing by 15 liquid

ni trogen, according to claim1l % wherein the flow per
time unit passing through each set of hol e, cryogenic

val ve and nozzle 41 g sanen e athnRf i£Beme20alglurality
An equi pnent for ultrafast food freezing by liquid

nitrogen, According Lochal Mlgecwlerei the guapkityy o

of liquid n|trogen t rough ea nozzle i's
deterntned b e that 1t he enic valve is
open. 5%) Eﬁl SO uid et 9% ‘ood freezing by
5 Iqu|d nltrogen accordlng to claim10, wherein the

cryogenic valves for flow control preferable are

cryogenlc needl e val ves.
. An equipment for ultrafast food £freezing by

liquid nitrogen, according toc claim 7, wherein
said holes are distributed in pairs in such an
arrangement that each hole is located over the
center of each cavity containing the food to be
frozen in a container with a multiplicity or

pairs of cavities.

9. An equipment for ultrafast food freezing by
liquid nitrogen, accordiﬁg to c¢laim 7, wherein
the exit holes are distributed in the bottom of
the tank in an arrangement such as each hole is
located only over the center of each cavity
containing the food to be frozen, in a container

with a multiplicity of cavities,

10. An equipment for ultrafast food freezing by
liquid nitrogen, according to claim 7, wherein

each hole in the bottom of the tank connects with
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15.. An equipnent for ultrafast food freezing by 10
[iquid nitrogen, according to claim 10, wherein the
cryogeni c valves for flow control preferably are made
of stainless steel.. 16. An equipnment for ultrafast
food freezing by 15 liquid nitrogen, according to
claim 10, wherein each one of the cryogenic val ves for
flow control is actuated by gnr i_ndividual pneumatic
actuator.. 17. An equi pnent for ultrafast food freezing
by 20 liquid nitrogen, according to claim15, wherein
each one of tBezCeyauani :ypénesndonifduaw controfeni $o the
placed with the stemin a horizontal position, - 47
such as the 4 quidppi tFo0en, flons yert ixcald yyahen dher to
cryogenic valve is operated.. 18. An equi pnent for
ultrafast food freezing b Liquid. _nitrogen,
accordingCF@%gp&iggflfg' epgf%heegéﬁwdne i ndi vi dua
pneumati c actuator is actuated by a five-ways
pneumati c solenoid valve.. 19.. An equi pnent for
ultrafast food freezing b 10 liquid nitrogen, i
accordi-ngBro E@iimmentwheas n vkinfast nekerd  ofreezing by
di spensi ng, includes:

liquid nitrogen, according to claim 10, wherein

the exit of liquid nitrogen through each nozzle
can be prevent in such a way to permit dispense
the 1liquid nitrogen only through the nozzles
located on the center of a cavity containing the
food to be frozen 1in a container with a

multiplicity of cavities.

12. An equipment for ultrafast food £freezing by
liquid nitrogen, according to claim 11, wherein
the flow per time unit passing through each set
of hole, cryogenic valve and nozzle is the same

in all of them.

13. An equipment for ultrafast food freezing by
liquid nitrogen, according to claim 12, wherein

the quantity of liquid nitrogen through each
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a. Aswitch for actuating the cryogenic valve for
feeding the liquid nitrogen to the phases separator,
15 b. A general switch for switching on/off the

equi pnent; c. Atimer for time control of the liquid
nitrogen flowng to the nozzles; d. A hand operated
button actuator; 20 e.A level indicator for liquid
nitrogen in the tank in the djspensing zone; f. A

| evel regulator for the liquid nltrogen in the tank in
the di spensing zone; and - 48 g. A flow neter for

nitrogen gas.,120..:An ggubprepkdf obyul toraf astid®odthat the
freezing by liquid nitrogen, accorgi ng to claim19,

wherein )’r?r)eqa%}l ctpg;aalt‘}é)rh§y & . is set the
or

di scharge ti l'iquid nit ogen vvlththetlrrer when

the operator button is pressed, a signal is

transmtted to operate each five-ways sol enoid

pneumati c val ve associ ate to e ch % geﬁl c.,10_val
Fatast

for ddsind® t FBPRFFE { % he? Sa " £rdeting by

liquid nitrogen, according fto claim 10, wherein
the cryogenic valves for flow control preferable

are cryogenic needle valves.

15. An equipment for ultrafast food freezing by
liquid nitrogen, according to claim 10, wherein
the cryogenic valves for flow control preferably

are made of stainless steel.

16. BAn equipment for ultrafast £food freezing by
liquid nitrogen, according to claim 10, wherein
each one of the cryogenic valves for flow control

is actuated by an individual pneumatic actuator.

17. An equipment for ultrafast food freezing by
liquid nitrogen, according to claim 15, wherein
each one of the cryogenic valves for flow control

is placed with the stem in a horizontal position,
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the timer and close it when the tinme is over, so

di spensing a precise quantity of liquid nitrogen by
each nozzle. 15 21. An equi prment for ultrafast food
freezing by 1liquid nitrogen, according to claim1,
wherein the transporter for the material to be frozen,
extends froma | ocation before the dispensing zone,
goes through the dispensing zope for 20 freezing the
material to be frozen and noves away towards the next
step of the processing, such as sealing of the

packi ng. -si4%h 22.tH8 eoyh paenitfefenl trakasvetoadally when
freezing by |liquid nitrogen, according to claim 21,

wherein  the téﬁtb'iﬁ}ritcerval%oriegQf;ﬁeb.layc@j..conveyor band
r

of the type of roller conveyor,. 5 23.. An equi pnent
for ultrafast food freezing by |iquid nitrogen,
according to claim 21, wherein all along the

transporter, under the di spensi onge apd after that

a collc?"ch%ere‘i'%ll?ﬁ%‘ﬂ%ce%g’io ’ﬁg‘g’éﬁﬁ%ﬁndgﬂﬁgsa geszing by

transporter with isolating , , ,
liquid nitrogen, according to claim 11, wherein

each one individual pneumatic actuator is

actuated by a five-ways pneumatic soclenoid valve.

19. An equipment for wultrafast food freezing by
ligquid nitrogen, according te claim 1, wherein
control means for dispensing, includes:

a. A switch for actuating the crycgenic valve for
feeding the liguid nitrogen to the phases
separator,

b.A general switch for switching on/eff the
eguipment;

c. A timer for time contrcol of the liquid nitrogen
flowing to the nozzles;

d. A hand operated button actuator;

e. A level indicator for liquid nitrogen in the
tank in the dispensing zone;

£f. A level regulator for the liquid nitrogen in

the tank in the dispensing zone; and
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walls in order to permt the formation of a nitrogen
gas rich atnosphere. 24.. An equi pnent for ultrafast
food freezing by 15 liquid nitrogen, according to
claim 21, wherein the transporter includes a slot in
the anterior limt of the dispensing zone and other in
the zone proximal to the term nal end, through which
the produced nitrogen gas is extracted. 20 25.. An

equi prent for ultrafast food freezing by Iliquid

ni trogen, according to claim 21, wherein the suction

through slpts atothpeentraneenafdogehOgaexit of the
col d chanber, produce a curtain, preventing the

di ffusion of the nitrogen gas to areas occupi ed by
personnel. 5 26.. An equipnent for ultrafast food

freezjng B 'n%cﬁlgi d Qi rogep. dgg@gg%&ghtfo jai ﬂaéging by

wher ein (ﬁ;enn gas pro e chanber "I

gui ded alaggpggf gh nbernOV%Ec%Q%i%hde{Oth aqudl90fwherein

the trans L nigrogen, g < ’
in an operation cycle, it 1s set the discharge
time for ligquid nitrcgen with the timer; when the
operator button is pressed, a signal is
transmitted to operate each five-ways solenoid
pneumatic valve associated to each cryogenic
valve for dosing, to copen it for the time set in
the timer and close it when the time is over, so
dispensing a precise quantity of liquid nitrogen

by each nozzle.

21. An equipment for ultrafast food freezing by
liquid nitrogen, according to claim 1, wherein
the transporter for the material tec be frozen,
extends from a location before the dispensing
zone, goes through the dispensing zone for
freezing the material to be frozen and moves away
towards the next step of the processing, such as

sealing of the packing.
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27. An equi pnent for ultrafast food freezing by |I|iquid

ni trogen,

according to claim?21, wherein the nitrogen

gas is extracted fromthe cold chanber by an extractor
connected to the exit 15 duct of the chanber.

22.

23,

24,

25.

- 49 -

An equipment for wultrafast food £freezing by
liquid nitrogen, according to claim 21, wherein
the transporter is preferably a conveyor band of

the type of roller conveyor.

An equipment for wultrafast food freezing by
liquid nitrogen, according to claim 21, wherein
all along the transporter, under the dispensing
zone and after that, a cold chamber 1is produced
by surrounding said transporter with disolating
walls in order to permit the formation c<¢f a

nitrogen gas rich atmosphere.

An equipment for ultrafast food freezing by
liquid nitrogen, according to claim 21, wherein
the transporter includes a slot in the anteriorx
limit of the dispensing =zone and other in the
zone proximal to the terminal end, through which

the produced nitrogen gas is extracted.

An equipment for ultrafast £food freezing by
liquid nitrogen, according to claim 21, wherein

the suction through slots at the entrance and
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26.

27,

- 50 -

exit of the c¢old chamber, produce a curtain,
preventing the diffusion of the nitrogen gas to

areas occupied by personnel.

An equipment for wultrafast food freezing by
liquid nitrogen, according to claim 21, wherein
the nitrogen gas produced in the chamber is
guided along the chamber over and under the band

of the transpcrter.

An equipment for ultrafast food freezing by
liquid nitrogen, according to claim 21, wherein
the nitrogen gas is extracted from the cold
chamber by an extractor connected to the exit

duct of the chamber.




