WO 02/ 014753 PCT/ USO1/ 15821 COOLI NG METHOD FOR CONTROLLED HI GH SPEED

CHI LLI NG OR FREEZI NG FI ELD OF THE | NVENTI ON The present invention rel ates
gener al | ywomooobs ng net hods and nore particularly 5 to merhsdyifsor
rapidly cooling, chilling, or freezing various substances. BACKGROUND OF
THE I NVENTION In many industries, rapid cooling, chilling or freezing of
items is desirable. Wiile <currently available cooling and freezing

t echni ques perform adequately in many instances, nunerous industries could
benefit fromfaster or nore efficient cooling or 10 freezi ng nethods.

Consi der, for exanple, the frozen food industry. The taste, texture, and

general appearance j significantly
dependi ng upon the%ﬁgﬁiﬂﬁtdmﬁ%ﬁgql{ gﬁﬁ@?@%ﬁ&fﬁggﬁlgfﬁégal ly, faster
cooling can shorten the tine negded NG QRIFREEZINEN food itemto market
and decrease the amobunt of inventory storage. For exanple, if unfrozen

product could be received, frozen, and shipped all in 15 the sane day,
remar kabl e cost savi ngs m ght hj ' ial establishments such
as restaurants, hotels, conven?iﬁ@@‘éﬁﬁﬁﬂ@}Ngﬁﬁﬁﬁﬁgin benefit fromrapid
cooling of food ange Y& aBRatbMRIat@ Rnaally®lcbylimahMasdsHhididd@éipartiE@irly
exanple, if bottled or canned beverages could be chilled quickly enough,

only aSsmal | to methods foofrafidlytcbekng chidlangs owbedzihgrieeigus ibsenaspt cool at any
one tinme; nost of a stores 20 inventory could be chilled "on demand."” As a
result, the use of costly, energy consumng refrigerators could be

reduced. Other industries, gACREGEROUND ETHER INVENTPRONTRCEUt i cal
i ndustries, may al so :

In many industries, rapid cooling, chilling or freezing of items is desirable. While
currently available cooling and freezing techniques perform adequately in many
instances, numerous industries could benefit from faster or more efficient cooling or

10 freezing methods. Consider, for example, the frozen food iﬁdustry. The taste, texture,
and general appearance of many vegetables, fruits, etc., can vary significantly depending
upon the rate at which the item is cooled. Additionally, faster cooling can shorten the
time needed to get a frozen food item to market and decrease the amount of inventory
storage. For example, if unfrozen product could be received, frozen, and shipped all in

15 the same day, remarkable cost savings might be achieved.

Commercial establishments such as restaurants, hotels, convenience stores, etc.

can benefit from rapid cooling of food and beverages that are normally served chilled.

For example, if bottled or canned beverages could be chilled quickly enough, only a small

number of bottles or cans would need to be kept cool at any one time; most of a stores

20 inventory could be chilled “on demand.” Asaresult, the use of costly, energy consuming

refrigerators could be reduced.

Other industries, such as the medical and pharmaceutical industries, may also
benefit from rapid cooling of items. These industries rely on various tissues, organs,
serums, medicines, etc., to be cooled or frozen. In general, the more quickly such items

25 can be cooled, the longer the items should remain usable.
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benefit fromrapid cooling of itens. These industries rely on various

ti ssues, organs, seruns, nedicines, etc., to be cooled or frozen. In
general , wbe2/p1783 qui ckly such itens 25 can be cool ed, tReTIUSNyEss2t he
itenms should remain usable. 1 _ WD 02/014753 PCT/US01/ 15821 SUMVARY OF THE
| NVENTI ON Therefore, what is needed is a nethod of cooling, chilling or
freezing food, beverages, pharmaceuticals, or other substances nore
effectively and/or efficiently. Accordingly, at |east one enbodi nent of
the present invention provides a method for, 5 cooling substances
conprising circulating cooling fluid past a substance to be cool ed, and

controlling the circulation that the coollng
fluid is circulated at a sugbpm]g?%#mt[gﬁMt erm ned velocity

i ndependent of changefrd, NwieRQs nB&iek! b“a%eﬁhb&QQSﬂoang,'dhﬂqmg R TRRInEE0bd, at
| east one circulator is used to circulate the cooling flurd. In another

embodi ment, bénerages,hghrmaeiitichls cdemtbcmuhsmcwhmng?esffﬁ:q’ﬁlveb'omd/rg ¢ffigieqtly.0

viscosity du to.h t r ansf terln circulator.forc

conpensat e f C‘frﬂﬁ"g?yc Hﬂ’?@%?nfz ﬁm‘i’Béﬁrﬁl‘?{g ? R Qfevgé FHEPHQR PRY 5{? taﬁa?thgd for.
subst apti al | Mocqﬁﬂg%h@s@éncw&%@kﬁr@cﬁeﬁaﬁﬁgﬁ@ohﬁg ffildpast aR@Bdtarlch € st laANGR | S
mai ntained. In at |east one embodi nent, a cirfculator conprises a notor and

an i npel | er . candrdlbugsthe pvaditiart shexioobing Auisl siebHanthefdogling Baists qrcqheggi at

exchangi ng coil. su rsed in t cQo0 t exchan oi

s 18" Ot of er AbVTARATY FppbhrkdiRined Yptik afenshit of FRipsP PR RS
through mul t ypt&iRatdime embadlﬁgm heighst bRe GRYAME Rako sieduldtg@kabbialy BRIl s 1 n
which refrigerant 'is generally restricted to one or two continuous paths.

As a result fh endrtbat esbahaogi te msiodupelides detephisirgnthangbe ipeeelast fluid

i nvention can. e .appr ox ly fif I
10 VlSCOSlty cij e top[ erma ransﬁexy and a}tgru}?ge St atoro %or%:eh %o compensateafor the

changes in cooling fluid viscosity, such that a substantially constant predetermined flow
of fluid past the substance is maintained. In at least one embodiment, a circulator
comprises a motor and an impeller. Various embodiments circulate cooling fluid past a
heat exchanging coil submersed in the cooling fluid. This heat exchanging coil is
15 preferably a “multi-path coil,” which allows refrigerant to travel through multiple paths,
in contrast to conventional refrigeration coils in which refrigerant is generally restricted
-to one or two continuous paths. As a result the heat exchanging coil used to implement
the present invention can be made approximately fifty percent of the size of a
conventional coil required to handle the same heat load. The heat exchanging coil is
20 cooled by a refrigeration unit, and is employed to keep the cooling fluid at a desired

temperature.

An object of at least one embodiment of the present invention is to quickly and

efficiently cool, chill or freeze various substances.

Anadvantage of at least one embodiment of the present invention is that sensitive

25 or delicate substances can be frozen without damage to the substance.

Another advantage of at least one embodiment of the present invention is that

2



conventional coil required to handl e the sane heat | oad. The heat
exchanging coil is 20 cooled by a refrigeration unit, and is enployed to
keep the woakiongys3 |l uid at a desired tenperature. An obje@®cTafSoaisskeast one
enbodi nent of the present invention is to quickly and efficiently cool,
chill or freeze various substances. An advantage of at |east one enbodi nent
of the present invention is that sensitive 25 or delicate substances can
be frozen without danage to the substance. Another advantage of at | east
one enbodi ment of the present invention is that 2 WO 02/014753

PCT/ USO01/ 15821 cooling, chilling or freezing is acconplished nore rapidly
than by many cqnvent.i,ona net hq . her [o)"

enbodi nent s~ 67° %rﬁgéabl;hen (Iﬁrt fr‘?erzll\’/n n ?%Cr?%ﬁ)ils?%ém%vrgﬁ gg’ﬂgéﬁ%ﬁs% lé(%{s\}egg(ﬁl%e
cool ed, chil heehods. frozen nore cost effectively due to decreased 5 energy
usage. A further advantage of the present invention is that at |east one
enbodi nent enpl oys a heat exchanging coil approximtely 50 percent smaller

than that used w conventional coolin .had ndl i ng. t he .sane heat

| oad. | 3V 02 014 8seR e ARes 4 FeURRRR sl TRt T S

Q her obj ect garicifd ¢ ab¥taeScanbe 88 d1EE ShiflBdoCiigied &loRs dokt dffestiRlly BitRo PERERBA

i nvention, as well as nethods, operation and functions of related el enents

of strAct ur eeneagiyusdge.

A further advantage of the present invention is that at least one embodiment
employs a heat exchanging coil approximately 50 percent smaller than that used with

conventional cooling methods handling the same heat load.



conmbi nation of parts and econom es of manufacture, wl| becone apparent
upon 5 consideration of the follow ng description and clains with reference
to the acwormpamyshg drawi ngs, all of which forma part ofPCrhise1/15821
specification, wherein |ike reference nunerals designate correspondi ng
parts in the various figures, and wherein: FIG 1 is a side view of a

chilling apparatus suitable for practicing a nethod according to at |east
one enbodi nent of the present invention; 10 FIG 2 is an end view of a
cross-section of the chilling apparatus illustrated in FIG 1; and FIG 3

is aflowdiagramillustrating a nmethod according to at |east one

embodi ment of the presentyahARMERKK / 01/ 15821
DETAI LED DESCRI PTI ON OF ]%’ = I:RRE%IE%% @E@%ﬁﬁmml ON Referring

first to FIGS. 1 and 2, a chilling apparatus suitable for practicing a 5
met hod according to at | east one enbodi nent of the present invention is

di scussed, and déheyrbiests. gévaetages, Jeahwec sl chagpctmisticsefghe pysesnt Ayegte®. 100
preferably c I1SEeS . EDLAY C i i in
cooling flui 857'%18 aar%&tgﬁ?ﬁcéﬁ%ta %(r%g%gﬁ étntljc 3 Oqgjgla%t%%ﬁé&héﬁg%ﬁ ngplgﬁrf{;{g—%l ers

132, heat exeb@aBiafign i parth2éhd adddomas Koflbdnufabived) will besdenee AfR@eHon
conprises shelves 155 for supporting substances to be cooled, chilled 10 or

frozen.5 Ext erpafidagionsdibe fallywiagdesedrsinaad eloimewith estemasrdp Hig aesinmpanying i s
refrigerati Ol vl ! F%%g\é\/higﬁqgm% éL Sar{@%hggpggiﬁ&@%n%@gﬁl18{@%&@1%88@&1%1&&50

i merse substances”
designate corresponding parts in the various figures, and wherein:

FIG. 1 is a side view of a chilling apparatus suitable for practicing a method

according to at least one embodiment of the present invention;

10 FIG. 2 is an end view of a cross-section of the chilling apparatus illustrated in

FIG. 1; and

FIG. 3 is a flow diagram illustrating a method according to at least one

embodiment of the present invention.



cooled, chilled or frozen in a volunme of cooling fluid 140, in which the

di nensions are scaled nultiples of 12 inches by 24 inches by 48 inches.

Q her si zwotoalokesray be 15 enpl oyed consistent with the t@®arhisagsssget forth
herein. For exanple, in one enbodinent (not illustrated), tank 110 is
sized to hold just enough cooling fluid 140, so that beverage containers,
such as wine bottles, mlk jugs, soft drink cans, and the |ike, can be

pl aced in tank 110 for rapid cooling or chilling. In other enbodinents,
tank 110 is |large enough to conpletely inmerse |arge quantities of neats,
veget abl es, or other itens 20 for rapid freezing. It wll be appreciated
that tank 110 ca | inghently
accormmodat e vari (r}l)g%é‘lqgg? i&%ﬁ?&é’ﬁ??ﬁ?@ %? Rsﬁ@[‘ﬁ%ﬁgﬂl{%ﬁgwﬂcﬁl ed,
chilled or frozen. Such substanceQF THEUNVENTIONre not limted to, food
items, |liquids, pharmaceuticals, or animal, human or plant cells, and the
| i ke. Tank 110 holds cooling fluid 140. In one enbodi nent, the cooling
fluid is a food r ad I The, Alse ,0f. a f r ling. fluid

al l ows cooling, c%éfieﬁlm%g lr(%trs%f Eltecgsz'ilngnd idjfal ?hglé18§ta8§ %gtu\%i St% ﬁ%ﬂlg?&i ésr E&Smgé

cont anknat i omefhb®Brdobding td it deastORterebciimabe of @fe freRdt @R atitn ifgdtisted, khdii ds
are those based on propyl ene glycol, sodiumchl|oride solutions, or the
like. 5 WO ¢zimaikdsenargiyaysealinesgitl 00 nCenlingrni AB0 michunils coraprings tapk L1 Qs
and preferably,. sol ute e deas_cooling f.l uids n. Usi.n f ood
grade cool i n‘é%gaflrﬁlf% c?(?)ﬁr%gra%u czlgag'ogagrinﬁgﬁ%l,n [em 81851 Ho\é%g%éﬁ%tg% I?ﬁr%r
directly in ihgoteol30ngvidguhtpellos 132t ardaeiifeedil V20, fahe exkngo, wieR in
relatively delicate food itens, such as fish, asparagus and the liKke,

retain theirorsoinghodimentcesaptipes Sh§1Vb%1§5efor SURPATtirg SuhelaBeavio be @Wéedh&@l%en
? ?g\éggb's 382{ éxyr{r:cggr?.zr@ﬂ%m!aﬂo S O,ta%d%%h;?lléé % haég{jex%{lglr%cl;rtlé S ﬁo?%?éﬂiggrg{icl;ﬂ or
unit 190.

ed

Tank 110 may be of any dimensions necessary to immerse substances to be
cooled, chilled or frozen in a volume of cooling fluid 140, in which the dimensions are
scaled multiples of 12 inches by 24 inches by 48 inches. Other size tanks may be

15 employed consistent with the teachings set forth herein. For example, in one
embodiment (not illustrated), tank 110 is sized to hold just enough cooling fluid 140, so
that beverage containers, such as wine bottles, milk jugs, soft drink cans, and the like, can
be placed in tank 110 for rapid cooling or chilling. In other embodiments, tank 110 is
large enough to completely immerse large quantities of meats, vegetables, or other items

20 for rapid freezing. It will be appreciated that tank 110 can be made larger or smaller, as
needed to efficiently accommodate various sizes and quantities of substances to be
cooled, chilled or frozen. Such substances include, but are not limited to, food items,

liquids, pharmaceuticals, or animal, human or plant cells, and the like.

Tank 110 holds cooling fluid 140. In one embodiment, the cooling fluid is a food
25 grade solute. The use of a food grade cooling fluid allows cooling, chilling or freezing
of foodstuffs without risk of contamination from the fluid. Good examples of food grade

quality fluids are those based on propylene glycol, sodium chloride solutions, or the like.

5



enbodi nent of the present invention circulates cooling fluid 140 past the
substance to be cooled, at a relatively constant rate of 35 liters per

m nut e f owoaemi4753 oot of cooling fluid contained in an arPea/usot/13ser e t han
24 inches wide by 48 inches deep. The 10 necessary circulation is provided
by one or nore circulators 134, such as notors 130. In at |east one

enbodi nent of the present invention, subnersed notors 130 drive inpellers
132 to circulate cooling fluid 140 past substances to be cooled, chilled or
frozen. Gther circulators 134, including various punps (not illustrated),
can be enployed consistent wth the objects of the present invention.' At

| east one enhodi,ment ,of. th esent, 15 i nvention,i.ncreases the area .and

vol e ¢ hr oudh ST EgUBIeR g SHES Alidss T I GPLb R 5 B RR gt B e TRadEr one
circul ator 13gnhéMudddiatfosd gkRlemBdbRns fiiDio frBez8 THQHHERB] the Udbd GemMMby bB! €
circulators 134, the area and volune of cooling fluid circulation are

i ncreased i nmghersedidingettypiorthe eerling fhad for setdd endeféctive freering. ofvearrplatiyeld. For
exanple, in referre enbodi t, one addjtiopal circulator is used for
each T oot or BT fperfomes St TR0 ppapeuSn s SO ar@i G aubh ol <18 o
not norse t hameRBoHin B4hd HalSTnyd 18Q R¥n dSveREdiBRy 8688, Preferably, notors
130 can be controlled to maintain a constant predeterm ned velocity of

cooling fluid flow past substances to be cooled, chilled or frozen, while

at the sane tinme _nmaintainin n eyen.djstributi of gooling fluid
tenperature withi o +9’f8‘.3r5%°(3@u C?gly &P?\f %ﬁﬁ"h‘t’%y vﬁof’fﬂi‘i%ﬂ% aﬂ{kﬁ‘?ﬂ@ S @f‘ce& one
subst anti al | ypgfyaghaibf Me§edeat My ARGt ¥oing TR | A2 tel sdb&lance to

circul ating past substances to be cool ed, provides a constant, neasured
renoval of Reabpledhitehelativeysofsant aate ofid 5 diterepkyr niingt fepaedy foat ef afoling

cool ing, ohllfLagor, reszing., Ly one. SrbofuEnt €951 o0, by e
02/ 014453 PCHe!:@Q% ¢r&dadtion is provided by one or more circulators 134, such as motors 130. In
at least one embodiment of the present invention, submersed motors 130 drive impellers

132 to circulate cooling fluid 140 past substances to be cooled, chilled or frozen. Other

circulators 134, including various pumps (not illustrated), can be employed consistent

with the objects of the present invention. At least one embodiment of the present

15 invention increases the area and volume through which cooling fluid is circulated by
employing at least one circulator 134 in addition to motors 130. In embodiments using

multiple circulators 134, the area and volume of cooling fluid circulation are increased

in direct proportion to each additional circulator employed. For example, in a preferred

embodiment, one additional circulator is used for each foot of cooling fluid that is to be

20 circulated through an area of not more than about 24 inches wide by 48 inches deep.

Preferably, motors 130 can be controlled to maintain a constant predetermined
velocity of cooling fluid flow past substances to be cooled, chilled or frozen, while at the
same time maintaining an even distribution of cooling fluid temperature within +/-.5 °C
atall points within tank 110. The substantially constant predetermined velocity of cooling

25 fluid circulating past substances to be cooled, provides a constant, measured removal of
heat, which allows for a controlled, high speed rate of cooling, chilling or freezing. In one

embodiment, cooling fluid properties, such as viscosity, temperature, etc., are measured
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and processed, and control signals are sent to notors 130 to increase or
decrease the rotational speed or torque of inpellers 132 as needed. In

ot her enbwoioa®ni’7s3 notors 130 are constructed to nmai ntai RCA/POVEIS21
rotational velocity over a range of fluid conditions. 1In such a case, the
torque or rotational speed of inpellers 132 inparted by notors 130 5 are
not externally controlled. O note is the fact that no external punps,
shafts, or pulleys are needed to inplenent a preferred enbodi ment of the
present invention. Mtors 130, or other circulators 134, are imersed,
directly in cooling fluid 140. As a result, cooling fluid 140 not only

cools, chills r freezes the substances placed i nk 110, bui cool

fluid 140 al &) BFOGG%SB‘i-anESB?tFOﬁél&"& %{Bts‘éfﬁsfo f%%?rsﬁd’to%d{“’réﬁ?h"é ??653181 120
i's preferabl yo&iomMde bd cﬂ%rau&ﬁ'lﬁlp 481 $NasHeLQUS In aﬁ&rerﬁ%d%ﬂ&ntg,qnaba\q@b
through nultiple pat s (i.e. three or nore paths), in contrast to

convent i onal alreefonstgmmitto mmrttmn laggivem mtatlohalr\@i(rcnfg @rvalm range géﬂeudaion9ltlons
restricted t conti ngous Eat h

|
indirect re Ia?”r gr?s‘ﬁ‘?%vg)e&o‘iqﬁﬁoﬁlf gong ?Heieiﬂg mp BS mepﬁftﬁﬁﬁg%%mr}é?sur ed
amount sof 't h@re%%)lt&ﬂalfl}l dohFoid0 Of%@fe 1@*}%%‘[ ﬁlat h@eﬁeﬁaﬁl ﬂifn‘ﬁiseﬂfaﬁg &@Jﬁﬂéysm? nt,

tank 110 is one foot long, two feet deep a four feet w de, uses a
heat exchangaregieeddd to iBplembuita prsfema@ elfnbodlntrylt ofitbe present invientioe M@ttgts h3@f
tank 110 is increased to tment n.the.le f heat C i ng
Coll 120 15 8195 HRBOHT B¢ sty ity ingsoling ﬂ%.g% Aodaesk ﬁ%‘ﬂ&%

coi | 120 canghgy mﬁfe%qw '&98‘1& KRRl oY xfebiéSXhe RBERMs p@efce& hetadik 780, Yut Sooling

conventi onal col ed to and e the same heat |oad. As 20 dlscussed
bel ow, ci r cuflaidor4) Al previdés caslin®fansotdB0,30ci rcul ate chilled cooling fluid
140 over a substance to be cooled, chilled or frozen, and then transport
warmer cooling fluid to heat exchanging coil 120 mhich i's subnersed in
cooling 1Lid 1405chh ofhah GRS o0 RTBRALIEN! s “HAA-pEACEANS IGCR Alowk20 1 S
so designed to renove not Te than t

refrigerant to travel through multiple paths (i.e. three or more paths), in contrast to

conventional refrigeration coils in which refrigerant is generally restricted to one or two
continuous paths. In addition, the coil size is in direct relationship to the cross sectional
area containing the measured amount of the cooling fluid 140. For example, in a
15 preferred embodiment, tank 110 is one foot long, two feet deep and four feet wide, and
uses a heat exchanging coil 120 that is one foot by two feet. If the length of tank 110is
increased to twenty feet, then the length of heat exchanging coil 120 is also increased to
twenty feet. As a result, heat exchanging coil 120 can be made approximately fifty
percent of the size of a conventional coil required to handle the same heat load. As
20 discussed below, circulators 134 such as motors 130, circulate chilled cooling fluid 140
over a substance to be cooled, chilled or frbzen, and then transport warmer cooling fluid
to heat exchanging coil 120, which is submersed in cooling fluid 140. In at least one
embodiment, heat exchanging coil 120 is so designed to remove not less than the same
amount of heat from cooling fluid 140 as that removed from the substance to be cooled,
25 chilled or frozen, thereby maintaining the temperature of cooling fluid 140 in a
predetermined range. Heat exchanging coil 120 is connected to refrigeration unit 190,

which removes the heat from heat exchanging coil 120 and the system.



anount of heat fromcooling fluid 140 as that renoved fromthe substance to
be cooled, 25 chilled or frozen, thereby maintaining the tenperature of

cool ing fwoiod/o1#483in a predeterm ned range. Heat exchangiPe@/usoi/k58220 i s
connected to refrigeration unit 190, which renoves the heat from heat
exchanging coil 120 and the system 7 WD 02/014753 PCT/ USO1/ 15821 In a
preferred enbodinent, refrigeration unit 190 is designed to match the | oad
requi renent of heat exchanging coil 120, so that the heat is renoved from
the systemin a balanced and efficient manner, resulting in the
controlled, rapid cooling, chilling or freezing of a substance. The

efficiency of the refrigeration. unit 190 is. dir elated to . 5.the

nmet hod enpl oyed fo %gﬁ%ﬂgﬁ |ef"??3d’§%i385=if ﬁlgﬁ;%lgg&pgggégs q{eﬂgn tPin&aR%}h‘ihe?%aéjdi ng
of the heat @y&iRaENER of Qbdt etdAngingl cbine2®1sh g 8RtheRUS Rufoved frERANRE 836 ;m used
inrefrigeration unit 190. This nethodol ogy requires very cl ose tol erances

to be mai nt ai hbdabesdandreffi¢ientrrednoey eestitngaindbe owitiotgd, frapii ¢ooling, chilling or

. b h densi . .and th j
Lomporatur o, TRl faBATe AR LT PR g Ra g i B Beel e

10 heat 5 exchagggetttid endpdOyedFbd comGol i8R buctist PRRGResRithe cEQerit Feddthglof thoREE
efficiently, which in turn allows the conpressor to be fed in a bal anced

and tightly ceehaegel cod 138 andthe edicient hitpyieoficampresesussfl in iwEigeyationwaitd8pcent
greater performance fromthe conpressors than that which is accepted, as
the conpressor manufacturer's standard rating. Note that in the enbodi nent

illustrated in Fl Grhik.mdtBddol@§raduiRA veRi dloskIBlethic@ito bd mAxhReMBLwcEL MR €l Y
| ocated refrigeration system However, in another enbodi ment (not

i |1 ustrat ed) , refregerargendedoding tnidt] 4@ gemperaiunesornichetwasd thevondensiog terpesaotd on
?Iaf f, ?Sgr ig‘ Ioona{nltﬁlﬁiﬁm? Ellrlilglﬁgﬁiﬁglggrrg&ﬁ%r eeg? %ePrg)tgga &e icgtlél:%a, 8gpetc}i1e uwrit%ttﬂeocpe%igfn%rfthe
10 heat exchange coil 120, allows heat exchange coil 120 to be fed more efficiently, which

in turn allows the compressor to be fed in a balanced and tightly controlled manner to

achieve in excess of twenty-five percent greater performance from the compressors than

that which is accepted. as the compressor manufacturer’s standard rating.

Note that in the embodiment illustrated in FIG. 1, refrigeration unit 190 is an

15 external, remotely located refrigeration system. However, in another embodiment (not
illustrated), refrigeration unit 190 is incorporated into another section of tank 110. It will

be appreciated that various configurations for refrigeration unit 190 may be more or less
appropriate for certain configurations of cooling unit 100. For example, if tank 110 is
exfremely large, a separate refrigeration unit 190 may be desirable, while a portable

20 embodiment may benefit from an integrated refrigeration unit 190. Such an integration
is only made possible by the efficiencies achieved by implementing the principles as set

forth herein, and particularly the use of a reduced-size heat exchanging coil.

By virtue of refrigeration unit 190 and heat exchanging coil 120, in a preferred
25 embodiment, the cooling fluid is cooled to a temperature of between -240 C and -26° C,
with a temperature differential throughout the cooling fluid of less than about +/-.5© C.

In other embodiments, the cooling fluid is cooled to temperatures outside the -24°© C to
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appropriate for certain configurations of cooling unit 100. For exanple, if
tank 110 is extrenely large, a separate refrigeration unit 190 may be

desi r abl ewowhiol4ssm portabl e 20 enbodi nent may benefit fromcamsoniasgr at ed
refrigeration unit 190. Such an integration is only nade possible by the
efficiencies achieved by inplenenting the principles as set forth herein,
and particularly the use of a reduced-size heat exchanging coil. By virtue
of refrigeration unit 190 and heat exchanging coil 120, in a preferred 25
enbodi ment, the cooling fluid is cooled to a tenperature of between -240 C
and -260 C, wth a tenperature differential throughout the cooling fluid

of less than gpouwt +/-. 5 . __Ln, gt her odi ments, the.coaljng . flujidis
cooled to tenggr g"tlla}rr1 S esri%j(éoritti%%fe f%ﬁa%%)lgg agy%rﬁﬁf%tfﬁﬁokafﬁ%?rl%ﬂ
-260 C range fidyeR! ORliertethbolitidn® confi8] thatBedhtididlofths UOSIANGAA IS allfleRE
cooled, chilled or frozen. Oher enbodinents control the circulation rate

of the cool i m§siteddogling chitlingy &eezingiates dAlorobiivaly, tasndlineaef copling Seizinmy

rates. Alternatively,. th ol ume . of cooling f.luid. e changed in order
to facilitat @oaTplrt, B oy Kaa Taes pt ?‘11?%‘3%8{15%’ °ﬁ}lg‘§%¥?‘ﬁ8€_%5‘§éé y?t Wl pe 5
appreciat ed tappteciaddd @HSvARAD icOAbinfiensAIf weRhy Maid tiddulation! Gt 3bbREy faie,
cooling fluid volune, and cooling fluid tenperature can be used to achi eve

desired cool iveiimeand cpeling Hnd teninseatina gar be used tBychicvpdasirgd bedlige thifinghe
refrigeratio%ngh%n%‘aqae§oil size, heat can be renoved from a substance up
to 80% faster ﬁaﬁ RAGWR convent i onal refrigeration systenms. 10
Addi tionally, heat renoval can be held at a constant rate 24 hours per day.
At | east one enbodi ment of the present invention has -been shown to provide
a performance cod¥fprepehtbaiansmgdhe refrigerationRdardand edibsize, heatpen bereraocsl
coefficient %on? acscl)l%lstlar?c% usﬁl ?ot §0% 'fBster than known conventional refrigeration systems.
10 Additionally, heat removal can be held at a constant rate 24 hours per day. At least one
embodiment of the present invention has been shown to provide a performance

coefficient greater than 1. Recall that the performance coefficient of a cooling system is

p-%4,

where P, is the performance coefficient, Q, is the amount of heat removed, and W is
15 the amount of work needed to remove the heat. For example, a system according to

the present invention has been shown to be capable of removing 41,000 Watts of heat

from a substance to be cooled using only 31,000 Watts of electricity. Using these

values to compute the performance coefficient yields the following equation:

_ 41000 _
£= 4 1000W = 132

20 which shows that the performance coefficient for at least one embodiment of the
present invention is 1.32. In addition, tests have been performed showing that the
measured refrigeration load required to freeze a 5 kg piece of Beef Rump from +6° C
to a core temperature of -180 C is 1479 BTU’s. An operational freezer in a normal
production process freezes the Beef Rump in 40 hours or more. A method according

25 to at least one embodiment of the present invention has been shown to freeze a 5 kg



p, - Q where P,, is the performance coefficient, Q is the anount of heat
renoved, and Wis 15 the anount of work needed to renove the heat. For
exanpl e, wWOoIMmMILR3 according to the present invention hasPogarsoghsan to be
capabl e of renoving 41,000 Watts of heat from a substance to be cool ed
using only 31,000 Watts of electricity. Using these values to conpute the
performance coefficient yields the follow ng equation: p 41000w 1.32 1
000W- 3 20 which shows that the performance coefficient for at |east one
enbodi ment of the present invention is 1.32. In addition, tests have been
performed show ng that the nmeasured refrigeration |oad required to freeze

a 5 kg piece ece%?%f 4Q§§rg>§%a% §8%1?rsca0{1%ets gsrff_ltﬁlﬁ)u%f -180 Cis

1479 BTU s. R\ opera i‘ona ezer on process freezes
the Beef Runp in 40 hours or nore. A nethod accordrng 25 to at | east one
enbodi ment of the present invention has been shown to freeze a 5

02/ 014753 PCT/ Usoin adgdition tcpiheé@Id)fatheterfhlm ApstancePRORE frate e 3%@%@ a

time savi ngsﬁgépﬁgoogour Ing&% &lre%r%lg V%)&ella%ﬁ a%e%{?l e vak; \c,fxg cil}hg_ubst ances

may be froze ng an reezrng

provi ded by %rdéé@tﬁﬁ%r@r@n%ﬁb@ﬁbv@ﬁﬂianﬁ etor@bstraﬁ@a%ejatngrdwea; tMedcafrpeRV ent
damage to substances being cooled, chilled or frozen 5 (such as the Beef

Runp), Dy pr ésrehes iy Berd Ruormal wavesting the foryafien of isneryrielssehlasgeningethe

damage to cell structures.

Referring now to FIG. 2, an embodiment of cooling eystem 100 suitable for
cooling, chilling or freezing relatively large quantities of substances is discussed.
Reference numerals in FIG. 2 that are like, similar or identical to reference numerals

10 in FIG. 1 indicate like, similar or identical features. Tank 110 contains cooling fluid
140, into which rack 150 may be lowered. Rack 150 is movably coupled to rack
support 210, such that rack 150 may be raised or lowered to facilitate the placement of

substances into tank 110..

In use, substances to be cooled, chilled or frozen are placed on shelves 155 of
15 rack 150. Preferably, shelves 155 are constructed of wire, mesh, or otherwise, so that
cooling fluid 140 may freely circulate over, under and/or around substances placed
thereon. Preferably, once the cooling fluid is chilled to a desired temperature, rack
support 210 lowers rack 150 into tank 110, in order to submerge shelves 155 in
cooling fluid 140. Lowering rack 150 may be accomplished manually or using
20 various gear, chain, and/or pulley configurations known to those skilled in the art.
Circulators 134 circulate cooling fluid 140 across substances placed on shelves 155 to

provide quick and controlled cooling, chilling or freezing.

Referring now to FIG. 3, a method according to one embodiment of the
present invention is illustrated, and designated generally by reference numeral 300.

25 The illustrated method begins at step 310, where cooling fluid is circulated past a heat

10



damage to cell structures. Referring nowto FIG 2, an enbodi nent of
cooling system 100 suitable for cooling, chilling or freezing relatively

| ar ge quawoiozioessdf substances is discussed. Reference nicegnasbs1isal FI G 2
that are like, simlar or identical to reference nunerals 10 in FIG 1
indicate like, simlar or identical features. Tank 110 contains cooling
flurd 140, into which rack 150 nay be | owered. Rack 150 is novably coupl ed
to rack support 210, such that rack 150 nay be raised or lowered to
facilitate the placenment of substances into tank 110.. In use, substances
to be cooled, chilled or frozen are placed on shelves 155 of 15 rack 150.

Preferably, shelves 1 ar.e truct 0 ther

that coolinff c%?ﬁg%c 1551" a??’é@ ﬁd%‘i’%ﬁ%ﬂl %upqe(fjtr?c? ﬁag% 18n\§\%?%r{1] Ad
subst ances phRgRded ﬁlﬁb%%e@fﬂi ishs&f t%rr@chicé’ theQB@Berafife 6PMOE cH@idy fHiidlad hechi | | ed
to a desired tenperature, rack support 210 |owers rack 150 into tank 110,

in order to so.dingrfbad mrmedl%t tha heas suehange £oilii b step03 20, Birdernprgatieeck 150

o L SAEd 29 d/ N
Cont L gur at | olte DA RS 1 msediine B Abd@blogiust Bep af Al a5, P
circul ate coglibfginbd Wheth%ﬂﬁlea&hgéfﬁtuﬁémwaﬁﬁﬁ phacRAvigin ahepuea 155 to

provi de qui ck and controll ed cooling, chllllng or freezing. Referring now
to FIG 3, atemgichaidreaengs: dl”mgopt@rnaiweolmﬂ)ﬂﬂddrtgnper@ffuret naege peebedtferent @it i on

1 st rat ed ROTRG BRGRHERUOSERs S A SR EL TR (T € Ve ul at o0
past a heat.?ﬁguggb&gégg§%§§ AT U9 6b3821 exchange coil. The heat

exchange coi s operably coupled to a refrigeration system as

If the cooling fluid temperature is determined not to be within an optimal,
10 predetermined temperature range, step 335 is performed. In step 335, the heat -
exchanging coil is cooled by a refrigeration unit, and the method returns to step 310,
in which the cooling fluid is circulated past the heat exchange coil in order to lower
the temperature of the cooling fluid. Preferably, steps 310, 320, 330 and 335 are

performed continually until the cooling fluid reaches the optimal temperature range.

15 Once the cooling fluid reaches a proper temperature, the method proceeds to
step 337, in which a circulator, such as a rsubmersed motor/impeller assembly or
pump, is used to circulate the cooling fluid at the velocity previously discussed, past a
substance to be cooled, chilled or frozen. As the cooling fluid passes by the
substance, heat is removed from the substance, which is at a higher temperature than

20 the temperature of the cooling fluid, and is transferred to the cooling fluid, which
transports the heat away from the substance to be cooled, chilled or frozen. As
thermal energy is transferred to the cooling fluid, the cooling fluid’s viscosity is
generally lowered, so that as long as the substance to be cooled is relatively hot
compared to the cooling fluid, the viscosity of the cooling fluid having just flowed

25 past the substance is less than the viscosity of the cooling fluid that has just flowed

past the heat exchanging coil.
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di scussed above, and is used to reduce the tenperature of the cooling fluid
as the cooling fluid is circulated past the heat exchange coil. In step
320, the woermmpergsure of the cooling fluid is nmeasured, amdTtuser/nsthod
proceeds to step.330 where it is 5 determ ned whet her the tenperature of
the cooling fluid is wthin an optinmal tenperature range. This opti nal
cooling fluid tenperature range may be different for different
applications, however, a preferred optinml tenperature range for nany
applications is between -240 C and -260 C. If the cooling fluid tenperature
is determned not to be within an optinmal, 10 predeterm ned tenperature
range, step 335 i erfornmed. In ste 35, .t heat ..exchangi ng .coil 1s
cooled by a refri §8$°§fhin§ﬁ° ﬁﬁle?s,t 03?18“15‘?1%%&?%56 PEP T ALV RSO L A ally;

whi ch the coglispgt ditdtidiohSrebsifiy @i PaR @ subbandtedtbeawsRANGRIED frdRnor der
to lower the tenperature of the cooling fluid. Preferably, steps 310, 320,

330 and 335 shoald pembiotamsd ioonder hoatovidewrrapid and gonigellddrgtefafigpelitgeaches t he
optimal tenperature. r e. 15 ce.the copoling fluid reaches a proper

t enper at ur e, W@V%ﬁhﬁg@’%pﬁaffc%fé%c?%mg uécglséfﬁl?‘%lqe g\?/ﬁ]le@ﬁ 15p8"r°§UB%t or, such
as a suybmer sgﬁcdm% gF fﬂe%siiﬁfﬂuiﬁ.s SaTEMi0REd iPMBRreviGusaetbriph, Blelidebaitye the
cooling fluid at the velocity previously discuSsed, past a substance to be

cool ed, chi | bte ovolinpdhad chawes. him wdwoltd ngmpensae fpadsebaigestimeooliggkidnce,

heat is renoved fromt substance, which.is .at hi.gher t.enperature than
20 the tenpel&f® BP ?‘ﬁésé’ﬁ’%?‘i“?'@ tf’lnlﬁaﬁf’,‘regﬁ’dwf?sﬁ th’faeclofﬁéﬂgnﬁ'éldt ﬁgepcool i ng
fluid, whichysdfan a&%ﬁi?ﬁé frend\agdosayeyht CosM i euid Was tLRIGE t@thbeaeas! ed,

chilled or frozen. As ermal energy is transferred to the cooli r]g fluid,
t he cool i ng heating'o theicoolisg flyidity thgerstaatd gr duwsvie chilingof thhavolag fludgyas t he

ruboa1ce Co,bg CooLedls Lol aHuslusoh ocomar ey L L, ool s {11 O
performed, wherein the force (e.g. torque) supplied by a circulator (e.g. motor and
impeller), is increased to compensate for the increased fluid Viscosity. Alternatively,
if it is determined in step 358 that the cooling fluid viscosity has decreased, step 353
is performed to reduce the force produced by the circulator. If an insignificant change

15 in viscosity is detected, the circulator continues to circulate the cooling fluid with an
unchanged amount of force, or torque. The method then returns to step 310, and

begins again.

The steps illustrated in FIG. 3 are shown and discussed in a sequential order.

However, the illustrated method is of a nature wherein some or all of the steps are

20 continuously performed, and may be performed in a different order. For example, at
least one embodiment of the present invention uses a single circulating motor to
circulate the cooling fluid. In such an embodiment, cooling fluid is circulated past a
heat exchanging coil as in step 310 and past a substance to be cooled in step 337 at the
same time. In addition, one embodiment of the present invention measures cooling

25 fluid temperatures and viscosities continually, and at multiple locations within the

system.

In yet another embodiment, in step 350 the viscosity of the cooling fluid is not

12



25 past the substance is |less than the viscosity of the cooling fluid that
has just flowed past the heat exchanging coil. 11 . WO 02/014753

PCT/ US01/wB8201478&cordi ng to at | east one enbodi nent of tRETASeyEIsL1
invention, a substantially constant circulation of cooling fluid past the
substance to be cooled, chilled or frozen, should be naintained in order
to provide a rapid and controlled rate of cooling. However, the flowrate
of the cooling fluid is dependent, at least in part, on the 5 viscosity of
the cooling fluid. As nentioned in the previous paragraph, the viscosity
of the cooling fluid changes. In order to conpensate for the changes in
cooling fluid. viscosity, step 340, .1s performed to asure the viscgsity of
Che cool i ng. AT FeRulst B PR R R Ba TR ol T RS  Josih iR e
cooling fl ui dphiae ighRN@SMUng BuldEkcadiig. R@the@ﬂﬁtdhﬁﬁ%ﬂh doBBnE AEldiviodityus d by
the substance or due to chilling of the cooling fluid by 10 the heat
exchangi ng cdetermined inbirectdp Iﬁionfg’glfe Irefiadonal gpesd F preircwaion metosatfdbe metasps 358

is performed, wherein the farce .(e..g. .torque Lied by a circulator
(oo “Totor et galels Tt FOEF neidoal b A Bl AR B b oeither il itieBACe
fluid W scosipbyrer éﬁnt&rﬂﬂﬁlié’cﬁﬂoythe niotorith rétBmaRs fIoRNE thel disBéPRtatoRallsPadd, t he
cooling fluid viscosity has decreased, step 353 is perforned to reduce the

force producéeerghy compessatinglfar e chafgedn coelgigdhiid ivisaesityc haaigleast 5n¢ n
viscosity is detected, the circu atar _conti.nues,to ci.rculate the.cooling
I with afmoanchahgeaoBrbuse s Gamgp 4gpt R s SE hen
returns to steRticlOThidBebstRR@I1N oGt Pate INBoR:r eMEtidd WHPEk@i g in FIG 3 are

shown and discussed in a sequential order. However, the illustrated nethod
i s of a nat usebsintialy nosstang rase odbdolofg ftuéciscudgmnar e
10

At least one embodiment of the present invention cools, chills or freezes
substances in a controlled and balanced manner so as to achieve extremely high rates
of heat exchange, resulting in a freezing rate up to more than 80% faster than
conventional freezing methods. In addition, at least one method according to the

15 present invention freezes at a high speed at a relatively high temperature without
causing damage to the substance, and thereby providing a recovery and or
preservation rate higher than known conventional freezers. These methods also
reduce the amount of electrical energy used by up to over 50% when compared to

existing operational freezers.

20
In the preceding detailed description, reference has been made to the
accompanying drawings which form a part hereof, and in which are shown by way of
illustration specific embodiments in which the invention may be practiced. These
embodiments have been described in sufficient detail to enable those skilled in the art
25 to practice the invention, and it is to be understood that other embodiments may be

utilized and that logical, mechanical, chemical and electrical changes may be made
without departing from the spirit or scope of the invention. To avoid detail not
necessary to enable those skilled in the art to practice the invention, the description

omits certain information known to those skilled in the art. The preceding detailed

13



20 continuously perfornmed, and may be perforned in a different order. For
exanpl e, at |east one enbodi nent of the present invention uses a single
circulatiwgommi©os3to circulate the cooling fluid. In suchlkrcarusemsdi nent ,
cooling fluid is circulated past a heat exchanging coil as in step 310 and
past a substance to be cooled in step 337 at the sane tinme. In addition,
one enbodi nent of the present invention nmeasures cooling 25 fluid
tenperatures and viscosities continually, and at nmultiple [ocations within
the system In yet another enbodinment, in step 350 the viscosity of the
cooling fluid is not 12 WO 02/014753 PCT/US01/ 15821 directly measured and
conpared to ajREsMidAUS, thaaRW, ABERIbel thkeAif 8 Nintifnd §rRE nd&hdscopBdnaR i n the
cooling fluid viscosity. Rather, the change in cooling fluid viscosity is
det er mi ned ianﬁmtthﬁémdﬁﬂﬁh@mQM&wy@mamp%ﬁeédbbﬁ&a circulation nmotor. |f
the notor is turning at a slower rate, then the viscosity is assuned to be
i ncreasing, and additional 5 power can be supplied to the notor to return
the notor to the desired rotational speed, thereby conpensating for the
change in cooling fluid viscosity. In at |east one enbodinment, a notor is
configured to maintain a substantially constant rate of rotation.- This
substantially constant rate of notor rotation will result in a
substantially constant rate of cooling fluid circulation. 10 At | east one
enbodi mrent of the present invention cools, chills or freezes substances in
a controlled and bal anced manner so as to achieve extrenely high rates of
heat exchange, resulting in a freezing rate up to nore than 80% faster than

14



conventional freezing nethods. In addition, at |east one nethod according
to the 15 present invention freezes at a high speed at a relatively high

t enper at LWe oziol4168it causi ng damage to the substance, andPcharsebysspr ovi di ng
a recovery and or preservation rate higher than known conventi onal
freezers. These nethods al so reduce the anmount of electrical energy used
by up to over 50% when conpared to existing operational freezers. 20 In
the preceding detail ed description, reference has been made to the
acconpanyi ng drawi ngs which forma part hereof, and in which are shown by
way of illustration specific enbodinents in which the invention may be
practiced. TRe epdir gghave been described in sufficient detail to
enabl e those sk ]fed int art 25 to practice the invention, and it is to
be under st ood that ot her enbodlnents may be wutilized and t hat | ogi cal ,

mechani_cal , chem cal %_g el ectric changes pay be made w thout departlng
fromtHe spifit or* BEBRL fYrcophine @W?So‘f?mpfﬁm&/m d detail not necessary

to enabl e those skirblinthd dolile ARId pdsPa RIAELLES ENBoldVERT O, the

description omts certain in orna |on nown to ose skilled in the art.
The pr écedl ng det aohtendlidgBth¥@iro@atdd 36Bie ReTUAgINIEA tad2that Hesoslimptilddis s,
t her ef nof to (i?e t aken | a Ilmtlng sense, and the scope of the

C

presen | nvefREFYaed at %%Jlb?tﬁgﬁa 5rtapspt prRdetarsyRetadodvaassthe ﬂb%%@/ 14753
PCT/ US@1/ 158@8’016&’,\%@13&%6&‘& (%Pgésﬁn cooling fluid viscosity.

1 2. The method as in Claim 1, further comprising circulating the cooling fluid past
2 a heat exchanging coil submersed in the cooling fluid, and wherein the heat
3 exchanging coil is capable of removing the same amount of heat from the cooling
4 fluid as the amount of heat the cooling fluid removes from the substance.
1 3. The method as in Claim 2, wherein the heat exchanging coil is a multi-path
2 coil.
1 4. The method as in Claim 2, wherein the size of the heat exchanging coil is
2 directly related to an area through which the cooling fluid is circulated, wherein the
3 area is about 24 inches wide and 48 inches deep.
1 5. The method as in Claim 2, further comprising cooling the heat exchanging coil
2 with a refrigeration unit substantially matching load requirements of the heat
3 exchanging coil.
1 6. The method as in Claim 1, further comprising maintaining the cooling fluid at
2 a temperature of between about -24 degrees centigrade and -26 degrees centigrade.
1 7. The method as in Claim 1, wherein at least one circulator is used to circulate
2 the cooling fluid, and wherein controlling the circulation comprises controlling the

15



1 1. A nethod for cooling substances conprising: 2 circulating cooling
fluid past a substance to be cooled; and 3 controlling the circul ation of

t he cool iwg@ okloui7d3 such that the cooling fluid is 4 circulparaboaissal
substantially constant predeterm ned velocity past the substance to be 5
cool ed, independent of changes in cooling fluid viscosity. 1 2. The nethod
as in Caim1, further conprising circulating the cooling fluid past 2 a
heat exchanging coil subnersed in the cooling fluid, and wherein the heat 3
exchanging coil is capable of renoving the same anmount of heat fromthe
cooling 4 fluid as the anbunt of heat the cooling fluid renoves fromthe
substangce. 1 3. e as._kn.d aim. wherein the heat exchangi ng coil
is amlti- pac‘frﬁufgg)régﬁ[oag% %aesﬁgé%mn%flﬁ%oﬁi ra"’lség?i n Claim2, wherein the size of
t he heat exchanging coil is 2 directly related to an area through which the
cooling fluid is circulated, wherein the 3 area is about 24 inches w de
and 48 li nches: deeplhemahodrieinfdainod, whergin tigt eiraqwlator dommrises: conpri si ng

cool i n% t he heat exchangi ng coil 2 wth arefrigeration unit substantially
mat chi ng | oad requ?P@ ht'S of the heat 3 exchanging coil. 1 6. The nethod

as in @aiml, furdhepela¥Biat gf@;u@wd% HNhbOr siRE kAT Mhelibrhiothtedto 2 a
tenperature of between about -24 degrees centigrade and -26 degrees

centi griade. rirgulatpribe pealivgdlud in A aim 1, wherein at |east one circul ator
is used to circulate 2 the cooling fluid, and wherein controlling the
circulation conprises controlling the 15 WD 02/014753 PCT/ US01/ 15821

1 9. The method as in Claim 7, wherein an additional circulator is employed for

2 each foot of cooling fluid to be circulated past an area not greater than about 24 inches
3 wide and 48 inches deep.

1 10. The method as in Claim 1, wherein the circulation rate is about 35 liters per

2 minute per foot of cooling fluid through an area not greater than about 24 inches wide
3 and 48 inches deep.

1 11. The method as in Claim 1, wherein the cooling fluid is a solute.

1 12. The method as in Claim 1, further comprising freezing the substance at a

2 controlled freezing rate.

1 13. The method as in Claim 12, wherein controlling the freezing rate comprises

2 controlling the substantially constant predetermined circulation rate of the cooling

3 fluid.

1 14. The method as in Claim 12, wherein controlling the freezing rate comprises

2 controlling the velocity of cooling fluid flowing past the substance to be cooled.

1 15. The method as in Claim 12, wherein controlling the freezing rate comprises

2 controlling the temperature of the cooling fluid.

16



3 circulator to produce a desired circulation rate. 1 8. The nethod as in
Claim7, wherein the circulator conprises: 2 a notor; and 3 an inpeller

r ot at abl ywomapled3 to the notor such that the inpeller rot&CeaSvo15841
circulate the cooling fluid. 1 9. The nethod as in Claim?7, wherein an
additional circulator is enployed for 2 each foot of cooling fluid to be
circul ated past an area not greater than about 24 inches 3 w de and 48

i nches deep. 1 10. The nethod as in Caim1l, wherein the circulation rate
is about 35 liters per 2 mnute per foot of cooling fluid through an area
not greater than about 24 inches wide 3 and 48 inches deep. 1 11. The
nmethod as in aiml, wherein the cooling fluid is a solute. 1 12. The
nmethod as in Caim1, further conprising freezing the substance at a 2
controlll ed frigezi rMihermdtiod g il Elaibhg foRdr@EmPSising c6dlFigthd ubsWiheE i 4
controlling the freezing rate conprises 2 controlling the substantially
constart pr edehpkedfoalieg ¢l ation rate of the cooling 3 fluid. 1 14. The
method as in Claim 12, wherein controlling the freezing rate conprises 2
controlling the velocity of cooling fluid fl owm ng past the substance to be
cool ed.1 1 15.17The Tretrhakbdas ih IC143mal 6 vdhreib@ @i 1heCBO t6&ldgi i@ doifprisé£ezi ng
rate conprises 2 controlling the tenperature of the cooling fluid. 16 WO
02/ 014753 PCTErusplling fgzubstantially constant predetermined circulation rate of the cooling

3 fluid.

1 18. The method as in Claim 16, wherein controlling the cooling rate comprises

2 ~ controlling the velocity of cooling fluid flowing past the substance to be cooled.

1 19. The method as in Claim 16, wherein controlling the cooling rate comprises

2 controlling the temperature of the cooling fluid such that the temperature differential
3 throughout the cooling fluid is maintained within about .5 degrees centigrade.

17



1 16. The nmethod as in Claim1l, further conprising cooling the substance at
a 2 controlled cooling rate. 1 17. The nethod as in C aim 16, wherein
control | iwg oklet76Dol i ng rate conprises 2 controlling therPswhsvamseal |y
constant predetermned circulation rate of the cooling 3 fluid. 1 18. The
method as in G aim 16, wherein controlling the cooling rate conprises 2
controlling the velocity of cooling fluid fl owm ng past the substance to be
cooled. 1 19. The nethod as in Claim 16, wherein controlling the cooling
rate conprises 2 controlling the tenperature of the cooling fluid such that
the tenperature differential 3 throughout the cooling fluid is maintained
wi t hi n {about 1435 d ' 014753 PCT/ US01/ 15821 1 20. A
met hod 1f or Cg(())l i ngggﬁgggﬁggdﬁ%g%gﬁté%ﬁg\%%?ﬁul ating cooling fluid past
a subst2zance to be choaltag usiling fhlid pasaatsubstance 3o bé canlddaisirig atderst éne
controlling the at |least one circulator to maintain a substantially
constart 5 sHeWalsradned vel ocity of cooling fluid circul ated past the
substance to be c : i e ?ng‘? o i '
Vi scosirhtcy. 1 21. %ﬁlel&grrl}slp %gn %g&?ﬁ&%%{%%%% ur %lgra%go%%]%tliag r?ghé#lu{r?cul ating
the cod ing fpkadetbrmaried v&ldche of uagingluidkiryul e gadt dresubstanacab de cboled,past a
heat exchangi ng coil subnersed in the 3 cooling fluid, and wherein the
heat exXchangifisperdeant pkchapgrsip sooling Bwevisegsit | east the 4 sane anmount of
heat fromthe cooling fluid as the amount of heat the cooling fluid 5
renoves fromthe substance.

21.  The method as in Claim 20, further comprising circulating the cooling fluid, at

2 the substantially predetermined velocity, past a heat exchanging coil submersed in the
3 cooling fluid, and wherein the heat exchanging coil is capable of removing at least the
4 same amount of heat from the cooling fluid as the amount of heat the cooling fluid
5 removes from the substance.
22.  The method as in Claim 21, wherein the heat exchanging coil is a multi-path
2 coil.
1 23.  The method as in Claim 21, wherein the size of the heat exchanging coil is
2 directly related to an area through which the cooling fluid is circulated, wherein the
3 area is about 24 inches wide by 48 inches deep.
1 24.  The method as in Claim 21, further comprising cooling the heat exchanging
2 coil with a refrigeration unit substantially matching load requirements of the heat
3 exchanging coil.
1 25.  The method as in Claim 20, further comprising maintaining the cooling fluid
2 at a temperature of between about -24 degrees centigrade and -26 degrees centigrade.
1 26.  The method as in Claim 20, wherein controlling the at least one circulator
2 comprises adjusting the force exerted by the circulator on the cooling fluid such that

18



1 22. The nmethod as in Claim21l, wherein the heat exchanging coil is a
multi-path 2 coil. 1 23. The nethod as in Caim21, wherein the size of

t he heat woohangshg coil is 2 directly related to an are&cCrhrsoutgs2whi ch
the cooling fluid is circulated, wherein the 3 area is about 24 inches

wi de by 48 inches deep. 1 24. The method as in Caim?21, further conprising
cooling the heat exchanging 2 coil with a refrigeration unit substantially
mat chi ng | oad requirenments of the heat 3 exchanging coil. 1 25. The net hod
as in Caim?20, further conprising maintaining the cooling fluid 2 at a
tenperature of between about -24 degrees centigrade and -26 degrees
centiggade. wl ﬁﬁ%talﬁ@y%ﬁs%‘? lete Qe lvé‘ib& eeéoedh% cg&g%ét&? Jdre at

| east One circu conpri Bes*s he Torce exer Re

circul ator omw@h&ﬁgﬁﬁhbB@c&ﬂ&iﬂrﬁﬂﬂﬁm&@at 18 WD 02/ 014753 PCT/USOl/15821

3 the substantially constant predeterm ned velocity of the cooling fluid
circulated past 4 the substance to be cooled is maintained. 1 27. The

met hod, as | i) ?Oal Jﬂl CE[)h\(’)\’F] a‘im CI fle(::rlélln% et(:)lrcuriaéet %rét is etllo %%gﬁ{elﬁé L §'S Per

2 nlnu%e per ot “Of rough an area no rea “about
24 inches w ﬁh@nut@f)éﬂdoﬂﬁ cbﬂl@{geﬂuldeﬁﬂuglﬂ-mﬂﬁea f[&t%ré@érhﬁnil aﬁb%ut M fdcBbdwiaid,

wherein the circulator conprises: 2 a notor; and 3 an inpeller rotatably
coupl ed to ténrd Homehessisen that the inpeller rotates to 4 circulate the
cooling fluid.

1 28.  The method as in Claim 20, wherein the circulator comprises:

2 a motor; and

3 an impeller rotatably coupled to the motor such that the impeller rotates to
4 circulate the cooling fluid.

1 29. The method as in Claim 20, wherein an additional circulator is employed for
2 each foot of cooling fluid to be circulated past an area not greater than about 24 inches
3 wide and 48 inches deep.

1 30. The method as in Claim 20, wherein the cooling fluid is a solute.

1 31.  The method as in Claim 20, further comprising freezing the substance at a

2 controlled freezing rate.

1 32.  The method as in Claim 31, wherein controlling the freezing rate comprises
2 controlling the substantially constant predetermined velocity of the cooling fluid

3 circulated past the substance to be cooled.

1 33.  The method as in Claim 31, wherein controlling the freezing rate comprises
2 controlling the volume of cooling fluid.

1 34.  The method as in Claim 31, wherein controlling the freezing rate comprises
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1 29. The nmethod as in Caim20, wherein an additional circulator is

enpl oyed for 2 each foot of cooling fluid to be circul ated past an area not
greater twen2abps: 24 inches 3 wide and 48 i nches deep. PCIMSoTis2net hod
as in Caim?20, wherein the cooling fluid is a solute. 1 31. The nethod as
in Caim20, further conprising freezing the substance at a 2 controlled
freezing rate. 1 32. The nethod as in Claim31, wherein controlling the
freezing rate conprises 2 controlling the substantially constant
predeterm ned velocity of the cooling fluid 3 circul ated past the substance
to be cooled. 1 33. The nethod as in Caim31, wherein controlling the
freezi r at i r el . vol une of cooling fluid. 1 34.
The net’hod agmﬁﬁg@@gﬁﬁfﬁgéwﬁﬁgé8?%wé§§¥é%ﬁF¥hg the freezing rate conprises
19 WO 02/014753 PCT/US01/ 15821 2 controlling the tenperature of the
cooling fluid. 1 35. The method as in Caim20, further conprising cooling
t he subktancedat alhepmetbed aoinl(daing 3@ frriberrepprising3golimhtherpabsionteasain C ai m
35, whejein ¢ ihg the cooling rate conprises 2 controlling the

subst an iaIIfgggé@%iﬁﬂgggggi%ternined velocity of the cooling fluid 3

circul ated past the substance to be cooled. 1 37. The nethod as in Caim
35, wherein controlling the cooling rate conprises 2 controlling the

vol ume bf cod6 ng. Fieunethod aszg Claine 3 revheseingonirelliag diernog8Bng weeaiprises

contr Oli ' ng tc%reltro 1(r)1lg Itl'?egsu%g’[%t?tia(l:lgf%Eétgrﬁspredetermined velocity of the cooling fluid

3 circulated past the substance to be cooled.
37. The method as in Claim 35, wherein controlling the cooling rate comprises
2 controlling the volume of cooling fluid.
1 38.  The method as in Claim 35, wherein controlling the cooling rate comprises
2 controlling the temperature of the cooling fluid such that the temperature differential
3 throughout the cooling fluid is maintained within about .5 degrees centigrade.
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2 controlling the tenperature of the cooling fluid such that the
tenperature differential 3 throughout the cooling fluid is maintained

wi t hi n abwoto2/o0bt78gr ees centigrade. 20 WO 02/ 014753 PCT/ UBOT/uBS8PB21 1 39. A
met hod for cooling a substance conprising: 2 circulating cooling fluid past
t he substance using at |east one circulator; 3 determ ning changes in
cooling fluid viscosity due to thermal transfer; and 4 altering circulator
force to conpensate for the changes in cooling fluid 5 viscosity, such that
a substantially constant predeterm ned velocity of fluid past the 6
substance is maintained. 1 40. The nmethod as in Caim39, further
conprising chpculating the coaling fluid at .2 the substantially constant
pr edet €r ni ne 5ve|g%PF@“ﬂB@&“Qﬁﬂ%ﬁgugﬁ%ﬁﬁﬁﬁPﬁaﬂééi| 3 subnmersed in the
cooling fluid, andjwhengs soling fheppaseHchabahite LRIlat ledstcAPaRptBaef; 4
removi ng at | east the same anount of heat fromthe cooling fluid as the
amount 3of 5 heat deteemodeg ¢haggdslinicdolingidvid yiscosity dusdo thebmeldrapefer;land1. The

met hod ,as in Claim40, wherein the heat ex nging coil is.a gulti-path 2
Co 1732 "rhe” rlite SESdptel o Ao baRaRaRh TR G o iopife Bl oy
exchangi ng cQiscodify, s&hdhét%%bé&aﬁt@ugrtc%ﬁstmlﬁéue@ér%efdhrew oMHiftbakiige cOOl i Ng
fluid is circul ated, wherein the area i's about 24 inches w de and 48

i nches 6deep subkBanc hemaptaieed. as in C ai m 40, further conprising cooling the
heat exchanging 2 coil with a refrigeration unit substantially matching

| oad requirenents of the heat 3 exchanging coil

1 40.  The method as in Claim 39, further comprising circulating the cooling fluid at
2 the substantially constant predetermined velocity past a heat exchanging coil

3 submersed in the cooling fluid, and wherein the heat exchanging coil is capable of

4 removing at least the same amount of heat from the cooling fluid as the amount of

5 heat the cooling fluid removes from the substance.

1 41. The method as in Claim 40, wherein the heat exchanging coil is a multi-path
2 coil.

1 42, The method as in Claim 40, wherein the size of the heat exchanging coil is

2 directly related to an area through which the cooling fluid is circulated, wherein the

3 area is about 24 inches wide and 48 inches deep

1 43.  The method as in Claim 40, further comprising cooling the heat exchanging

2 coil with a refrigeration unit substantially matching load requirements of the heat

3 exchanging coil.

1 44. The method as in Claim 39, further comprising maintaining the cooling fluid
2 at a temperature of between about -24 degrees centigrade and -26 degrees centigrade.
1 45. The method as in Claim 39, wherein the circulation rate is about 35 liters per
2 minute per foot of cooling fluid through an area not greater than about 24 inches wide
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1 44. The method as in Claim39, further conprising nmaintaining the cooling
fluid 2 at a tenperature of between about -24 degrees centigrade and -26
degrees cwotgrade. 1 45. The method as in Caim39, wherPermsohess21
circulation rate is about 35 liters per 2 mnute per foot of cooling fluid
t hrough an area not greater than about 24 inches wde 21 WO 02/014753

PCT/ US01/ 15821 3 and 48 inches deep. 1 46. The nethod as in O aim 39,
wherein the circulator conprises: 2 a notor; and 3 an inpeller rotatably
coupled to the notor such that the inpeller rotates to 4 circulate the
cooling fluid.; and wherein 5 the circulator force is a torque supplied by
t he not.pr od as in Caim39, wherein an additional

ci rcul afor |sa%é4gﬁg&§g§%%r‘ 2 each foot of cooling fluid to be circul ated
past an area not greater than about 24 inches 3 wide and 48 inches deep. 1
48. The nethod as in da 39, wherein the cooling fluid is a solute. 1 49.
The method a6 n @I&Wthgdai’rlarqlﬁé’r3%&?6?‘11%?%@5111‘3]4@%%%’@13{1??@'substance at a
2 contryplled freezarﬂgt; atq- 1 50. The method as in Caim49, wherein
controlTing the freezi nWg rate conprises 2 controlling the substantially
constarg predet er rinrggelénTotatadly plkateiRimétbesuehohadt i@ impefleitothteslto51. The
nmethod as in Caim49, wherein controlling the freezing rate conprises 2

controlding toieulast thersoalinedBud.i ang Whaseig.

5 the circulator force is a torque supplied by the motor.

1 47. The method as in Claim 39, wherein an additional circulator is employed for
2 each foot of cooling fluid to be circulated past an area not greater than about 24 inches
3 wide and 48 inches deep.

1 48. The method as in Claim 39, wherein the cooling fluid is a solute.

1 49. The method as in Claim 39, further comprising freezing the substance at a

2 controlled freezing rate.

1 50.  The method as in Claim 49, wherein controlling the freezing rate comprises
2 controlling the substantially constant predetermined circulation rate of the cooling

3 fluid.

1 51. The method as in Claim 49, wherein controlling the freezing rate comprises
2 controlling the volume of cooling fluid.

1 52. The method as in Claim 49, wherein controlling the freezing rate comprises
2 controlling the temperature of the cooling fluid.

1 53.  The method as in Claim 39, further comprising cooling the substance at a

2 controlled cooling rate.
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1 52. The nmethod as in Claim49, wherein controlling the freezing rate
conprises 2 controlling the tenperature of the cooling fluid. 1 53. The
nmet hod aswor2@4sin 39, further conprising cooling the subgransevaisza 2
controlled cooling rate. 22 WD 02/ 014753 PCT/US01/ 15821 1 54. The net hod
as in Caimb53, wherein controlling the cooling rate conprises 2
controlling the substantially constant predeterm ned circulation rate of
the cooling 3 fluid. 1 55. The nethod as in Claimb53, wherein controlling
the cooling rate conprises 2 controlling the velocity of the cooling fluid
fl owi ng past the substance to be cooled. 1 56. The nethod as in O aim53,
wherein controlling the cooling rate conprises 2 controlling the
tenperature of the cooling fluid such that the tenperature differential 3
t hroughout the coPhé AGtHoluk th CRIMBENvAEREA MY 186 688lingTald@BMPESes

centigrade. 23 ] ) i ] i i
2 controlling the substantially constant predetermined circulation rate of the cooling

3 fluid.

1 - 55, The method as in Claim 53, wherein controlling the cooling rate comprises

2 controlling the velocity of the cooling fluid flowing past the substance to be cooled.
1 56. The method as in Claim 53, wherein controlling the cooling rate comprises

2 controlling the temperature of the cooling fluid such that the temperature differential
3 throughout the cooling fluid is maintained within about .5 degrees centigrade.
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