;e3el/ I ]/ XXYt[ FR[\ 6] TI'] _j BWD 02/ 1-47s3 COCLI NG METHOD FOR CONTROLLED HI GH
SPEED CHI LLI NG OR FREEZI NG FI ELD OF THE | NVENTI ON The present invention
rel ates genghldrys to cooling nmethods and nore particul arl ypSrAQoREdj0ds for
rapidly cooling, chilling, or freezjng various substances. BACKGROUND OF
THE I NVENTION I n many industries, ?mm 1ng, chilling or freezing of
itens is desirable. Wiile currentl MMM/&EON i ng and freezing

t echni ques perform adequately in many *'y55|1§t* s, nunerous industries could
benefit fromfaster or nore efficient cooli ng or 10 freezing nethods.

Consi der, for exanple, the frozen food industry. The taste, texture, and
gener al appearance of many veﬁ&%abl es, fruits, etc., can vary significantly

dependi ng upon the r&QOMLINGHNITHERD FORCONTROLEED HAGH SBEEDI y, faster
cooling can shorten the tinme nee e en.food itemto market and
decrease the anount of invent orygggkigﬁgégmﬁéqg?e if unfrozen product
coul d be received, frozen, and shipped all in 15 the sane day, remarkable

cost savings mght be achieved. Conmercial establishnents such as
restaurants, hotels, conveni encEIELBrQE THE ENVENTICE efit fromrapid

cooling of food ang, beverages that,are normally serv hi l,l ed. For
exanple, if bottl egh%Pregeziﬁ%b‘lgnﬁ(glvrgazeﬁgn%%%ﬁ? %Q]I@{P?etg% a(ﬁlﬂin?:oﬁ Eﬁrgﬁ%@ﬁ
only a small pupb@bdPfor PaiAkRS0IKg, CRMEngVBEHELARSAIbAs AstaBBL. 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.

Ot her industries, such as t i ] eutjcal industries, may
al so benefit fromrapid coo[ﬁ‘ﬁ%ﬁ&bﬁ%@amii&ﬁes rely on various
tissues, organs, Sﬁfrﬂaﬁyinm@eiﬁl,ggm,coeﬁgg,chm € gg&%nt% gﬁslra%%ie. WPhile

general, the nore quicKly suc ens 25 can be cool ed, onger the 1tens
shoul d r emai ncwsalllyeavailable 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 iﬁdust1y. 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.
Forexample, 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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WO 02/ 1-17S3 SUWMVARY COF THE | NVENTI ON PCT/ USO /15821 Therefore, what is
needed is a nethod of cooling, chilling or freezing food, beverages,

phar maceulyg@/&7s30r ot her substances nore effectively and/ﬂfT/ggglhgkﬁnt ly.
Accordingly, at |east one enbodi ment of the present invention provides a
met hod for 5 cooling substances conprising circulating cooling fluid past a
substance to be cooled, and controlling the circulation of the cooling
fluid such that the cooling fluid is circulated at a substantially constant
predeterm ned vel ocity independent of changes in cooling fluid viscosity.

I n one enbodinent, at |east one circulator is used to circulate the cooling
fluid. I'n another enbodiment, the nethod includes determning changes in

cooling fluid 10 viscosity duSUMMARY QFf THEERSVENTEMN altering circul at or
force to compensate fox th n i.n coo f|UdVIS osity, suc at a
substantial l'y consflé‘?{?g(ﬁ?e"g@g Fﬁgfff%g 1§ P&W%Pdgﬁﬂﬁf’a ingy<HIIRE o frsing 8°$

mai ntai ned. | Bevefagk£3harRNLueEHN) Hr BiRdr sids@hEUndEOEFfERNRTY SRForPefBleffly.and
an inpeller. Various enbodinents circulate cooling fluid past a heat

exchangi ng cof\tcosdibalyr steldast one hmbodinanh gf feyirgsenT hiventieaproyidshamgéthod bwi |
is 1~ pr efera

Lo cughtil £ Gibite S Bhtts coRta e it ob hn R bk R Besio et 6%

whi ch refri gecauiblling tBESESMon df@&tdobﬁﬁgﬂumu@mﬁla@ﬂletc%nﬁg)ﬂaﬂdrwa&&w@é &s-
As a result the heat exchanging coil used to inplenent the present

i nventi on cam wsmﬂélm@s@m mad@tmmd"tqkoqwrméenendénttoﬁelmgwn@bobng fluid
conventional coil uired,t e the sa he _heat

exchanging c OYchqsgy OBBBII’“B%‘?WHB atlggst ?‘{fé’r‘@ﬂ% lﬁ'r‘ﬁefl ' %{FFG‘ atgthe paplyedlyid.o
keep the cool jynghdihdt ShifdiredCfle" 8 tHE TRELALY H@cerrﬁ'ﬁxr%bb%ﬁl}ggf ienn t@ﬁgd ?aﬁ#udo ne

enbodi nent of the present invention is to quickl
chill &6 freevscosay |dtue|30 $hdnmhhtrax&'er And alderary agwlzubr fdrcd aasdimpmsaterfbnmerrent
of the present i nvent i éhat sensitive 2 |icate su stances can be

frozen wit houth2B8vdBEoq Blgt USERE Y neh theha s Fan&aﬁ&ﬁ?r&&@t Bfe %tt‘mmé%ﬂo?fne
enbodi ment of fﬁl‘ﬁdgéa‘:s‘?ﬁﬁt subG4E fsorﬂafn@alrféaat Irfat 149 %/ e?rél? uﬁhgl—t/ Q%%%@&Zl

cool ing, chi |?I ng reezing I's acco I'shed nore ra ah by nan
conventi onal comprisesamotor and an impeller. Var1ous embodiments c1rculate cooling ﬂuld pasta

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,
1n contrast to conventional refrigeration coils in which refrigerant is generally restricted
to one or two continuous paths. As aresult 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

[\
W

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



met hods. Yet another advantage of various enbodi nents of the present
invention is that various substances can be cooled, chilled or frozen nore
cost effeqfoyglyfsyue to decreased energy usage. A further peyggiag@g0f the
present invention is that at |east one enbodi ment enpl oys a heat exchangi ng
coil approximately 50 percent smaller than that used with conventi onal

cool i ng net hods handling the sanme heat | oad. WO 02/ 1753 PCT/ USOL/ 15821
BRI EF DESCRI PTI ON OF THE DRAW NGS O her obj ects, advantages, features and
characteristics of the present invention, as well as nethods, operation and
functions of related elenents of structure, and the conbination of parts
and econom es of, manufacture, wl | becone apparent. upon 5 consi deration of
the fol | owi ng-o9E8&GhiHing 1 fisgzing &5 srsompiisheddneie sandlythan iemawcenmyantianal
drawi ngs, al lmQtfh ich forma part of this specification, wherein |ike
reference nunerals desi ghate 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 |east one enbodi ment of the present

i nvention; 10 FI G Y&t gnothers adypntageel vetiows embpskments of B nogsentiavention iy thgt

et nod accot Bog PePesas Cpl @ Billodhr e TaPrd oo U PLEH el aipibl ' 2°
WD 02/ 15753 PGhekiSQbbdd821

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.



DETAI LED DESCRI PTI ON OF A PREFERRED EMBCDI MENT OF THE | NVENTI ON Referring
first to FIGS. | and 2, a chilling apparatus suitable for practicing a 5
nmet hod ac o at | east one enbodi nent of the presen is
d|scussedgﬂ%ﬂ%ﬂﬁéilgnated generally as cooling unit 100. C%bp¥§&ﬁtﬁ?t 100
preferably conprises tank 110 contai ning cooling fluid 140. Subnersed in
cooling fluid 140 are circulators 134 such as notors 130 having inpellers
132, heat exchanging coil 120, and rack 150, which in one enbodi nent
conpri ses shelves 15S for supporting substances to be cooled, chilled 10 or
frozen. External to tank 110, and coupled to heat exchanging coil 120, is
refrigeration unit 190. Tank 110 may be of any di mensi ons necessary to
i mrer se substances to be dBUIESUDESHRIPEHODN OF DHEDRAVEINGSune of cool i ng
fluid 140, in which the dinensions are scaled nmultiples of 12 inches by 24
i nches by 48 inches. O her size tanks may be 15 enpl oyed consistent with
the teachings set ighdrbbfiRisChdvanta@bs, BRI fhd dHArLRLisABDOCHhEBedtIention,
illustrated), tank 110 is si zed to hol d just enough cooling fluid 140, so
t hat bever age ag tvelladsrmaetbodss apérataen @nCh@lnmetSI doelatgd ﬂemagts of styheturt; and theans,
and the |ike, ced in tank 110 o or chillin
ot her "embod meneomatah et w5 & Piemta torep BRcBrE  ELL Bk s apter o "
quantitises of -FRAdSationddkddllRan @éscﬂ}stktﬁlranumﬂﬁs mhi&éreh@ab%efae&%pﬁ@mg t
wi Il be appreciated that tank 11% can be made |l arger or smaller, as needed
to efficientl yrawogsyaidawbichdoinmouparsoizbis spenificpimng whéres ldde refetrscanumeran be
cool ed, chiII%q .or frozenw%ﬁuch subst ances i.ncl ude, Qut .are not limted to,
food items, | OgHiBLe CHFRP rs4f &he ious, figes, 3G WIRTIR pl ant cell's, and
the Iike. Tank 110 hol ds cooling fluid 140. In one enbodi nent, the cooling
fluid is a food 25 grade solute. The use of a food grade cooling fluid
al | ows cooling, chiFIGi his asiderndexiofig ohfllifip apistrathf suiralbid furt pradtRkngdd method
contam nation fromthe fluid. Good exanples of food grade quality fluids
are those bas@EFOHNg i QHyFashencemppodiment it presans iPgaiaw| ut i ons, or the
like. 5 WD 02/1.17s3 PCT/USOL/ 1s821 I n ot her enbodi nents, ot her fluids,
and preferably solutes, are used as cooling fluids. Wen using a food grade
cool i nglOflui d to fFé@z2isfaochd tiensf atchessfsocttbn dfattre ohiylidyeapparaeissifidsteitedat | y
in the coolin%‘fIU|d for rapid and effective freezing. Even rel atively
del i cate food¥¥eh@ndsuch as fish, asparagus and the like, retain their
color and texture 5 better than |f the sanme itens had been conventionally
frozen.

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

embodiment of the present invention.



In order to quickly and effectively cool, chill or freeze substances, one
enbodi nent of the present invention circulates cooling fluid 140 past the
subst ancewlga2ag7300l ed, at a relatively constant rate of JdidgfiSswer

m nute for every foot of cooling fluid contained in an area not nore than
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 ment of the present invention, submersed notors |30 drive inpellers
|32 to circulate cooling fluid |40 past substances to be cooled, chilled or
frozen. O her circulators 134, including various punps (not illustrated),
can be enpl oyed consistent with the objects of the present invention. At

| east one enbodi HMTMLEQP%%Tqu Ol eRREEE DEMBOPIMENT: 5 and
vol ume through which cooling fluigy T@fﬁ%ﬁz@y enpl oyi ng at | east one

circulator 134 in addition to notors iments using nultiple
circulators 134, the area and volune of cooling fluid circulation are
increased in direct propaortion to each additional circulator enployed. For
exampl e, in a prefeferang éixydaifeht | apdd, adbilling apparatup svitablofor ipgactisg & or
each faqot of coolj i Ui s t e 2 I e hr oy n..ar of
ot mors. t naff el sk f ot 08 oh8 ehffolab ik BB St B L B <
1’30 can be cqeéiFﬁtécﬁgtnéﬁllyaé dtofthgudit 00 Todlihg Bhie 060 Refapcongdried thitk DfO
cooling fluid flow past substances to be _cooFed, chilled or frozen, while
at the same cppaingg enolingifng HY. Swbmeagsestipicoolingfuidrl40des pirglatongild4 such

tenperature wi.thin .5 .[err at aints wthi ank, 11 he. , .
substant | al 1 o B9Ge n0 nivE bR LE beRB el QLIARE &M o] gPhicn in
circul ating paAsEmbLMARIANSASpies Bl ¢R0l58Ter ﬁfﬁ)ﬁ&hﬁzﬁ%uﬁstﬁrﬂ:@ﬂ(ﬁwgwoﬁﬁﬁﬂﬂﬁﬁ_
removal of heat, which allows for a controlled, high speed rate of cooling,

chillildy or fr&ezémbxterml trienle hidb dindreorpledtodieatregclidnging qorld@eris iedderstimh as
Vi scosity, ter‘q)jr ture, etc., are neasured 6 V1' O 02/ 1-t753

PCT/ US01/ 1583438 processed, and control signals are sent to notors 130 to
i ncrease or decrease the rotational speed or torque of inpellers 132 as
needed. I n other enbodinents, notors 130 are constructed to nmaintain a

gi ven rotational Viehbdilfynayvbes ofianpdgeersions| ngcessayrtdi iinerse sibstapaeshtoabe ase,

the torque or rotational speed of inpellers 132 inparted b tors 130 5
are not ext erARFty U SPER OO HBES R e RS A0 At o e RTRFTRATS B,
SNal 5, OF DULIEY SuffileBP Y2t bPILIRAL: By BEShAIkECHRIDASL FRRL 1l fare

present invention. or er circulators 134, are inmers
directlyy in eoplayed ddngistbnt 40ith Alse acachinght set cfoathi hgreinl uiRdbr lek@mptd, ianbye
cools, chills or freezes the substances placed in tank 110, but cooling

] ) din {
fluid 140 al §BbgAmRsnyEwtUBisiratae). fask LiBdvygedtigdoldjysteaqueisaoins gyl 49etd 120
i s preferabl . [ [P ' I i QEf
BBt ST B VG LR OB L 4 e
conventi onal beglacedér ahk dn0 dai dagididvolihg ohchiliingl dendrt eimbodiemeatsatany 110 is

restricted to one or two caontjnuous paths. In ,addition, the coil size is in
direct rel at i@Beengyeh & ¢omeplelelydmmeass lats quandities oE BISEts; YrgrigLleher Abgsiliey

amount,pf th [ f 1 uk.d, -140. r.: ' f Lent,

Fank 7D 15 Gne PadRry i ralRoBiR Gy L AR R et g A
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



uses a heat exchanging coil 120 that is one foot by two feet. If the length
of tank 110 is increased to twenty' feet, then the |l ength of heat

exchangi ng,r@ily7s520 is al so increased to twenty feet. As apd©gsthlissdieat
exchangi ng coil 120 can be nmade approximtely fifty percent of the size of
a conventional coil required to handle the sane heat |oad. As 20 di scussed
below, circulators |34 such as notors 130, circulate chilled cooling fluid
140 over a substance to be cooled, chilled or frozen, and then transport
war mer cooling fluid to heat exchanging coil 120, which is subnersed in
cooling fluid 140. In at |east one enbodi nent, heat exchanging coil 120 is
so designed to renmove not |ess than the sane anmount of heat from cooling
fluid 140 as Inmegherearhodunertts, other Hlidsbad pisdwably seutes,cue veed Bochng fluidsor

f , th i.nt ai pi t t e f l.i flupd,140 i

e e e TR, B RE TRSAN Bl BO2LIAS, Mt e on
uni t 190, whijghndremygety ietResblidd S TsaapRenl T84S ﬂ‘éékihl%.lﬁfaeﬁf@aﬁd%%/
system 7 WO 02/1.t753" PCT/ US1117/ 15821 Inh a preferred enbodi nent,

refrigerati ordelinite fo@Ditérss,dosh gmith, spanagus land te lkeacttaie their evierendatxtoeat

exchangj ng cqil 120, . that.the heat is removed fromthe systemin a
bal ancg% and W'i‘?’éhftstg?rﬁ‘?{ﬂ%P?m? Q@Lﬁlpqepﬁanyqqtlp Y&&%ERol | ed, rapid cool i ng,

chilling or freezing of a substance. The efficiency of the refrigeration
unit 190 is directly related to 5 the nethod enpl oyed for controlling
suction pressures lhyotdee tef dquicklerindf effelitivglyotodlhehitieat fexzd anlgeances,| od20
and the effici ent,outpt%t of conpressors used in_ refri eratior unit 190.
Thi's net hodol SEPABERf Gidhe BIgFSPt HIVGREOR Greafatsicoslingilng 1rlipastdhn atbskaeaken
the refrigerant [ I t '“$ﬁé :
condensi ng t2%%%@&%0%%ggkggfhgkgﬁgﬁéﬁF(?gggg?gpéﬁggl e£g€%ﬁﬁ§gf§?§?%9g
criteria, toghiibefonwfindd inhen desimgn nodre tithen 14 ifvhad widecbargeincleis|detp0, Tiad | ows
heat exchange coil 120 tq be fed nore efficiently, which in turn allows the
conpr ekSor t gresesspry@ichlagom i papnders Rirneor giere g}rcelémrﬁ &34, sechasmderstldOabhi eve
in excess of -1 [ m . rs
than that whi i sots e RRER e ALSEL b, SUURRE R LA 0BT IRRARES

rating. Note t3ab cirbulbie@oshioiiaEAD phitlsitsstanatsid bk Bodibdzchilledlo frokGEr@hEON
unit 190 is an 15 external, renotely |ocated ref réﬁger ation system However,

i n anot her erfisdlataratl 3¢.npelufingystipus pumps (net ivgeated)i esn berfineplayed dogsistent
i ncor porated |into_anpt her ction of tank 1 [t will 2 _appregciat ed t hat
(1 Jo¢ BRLCR "R e AR epcorig il REC e R

vari ous confi‘a r geration un

appropij at e figterfiRhtiatBaseoild 444 aid OMEmefthfoagh WAhUddotind PRid FQircamaiye, 1 f
tank 110 is extrenely large, a separate refrigeration unit 190 may be

desirabl e, whintpoyng et keasloge pucudatpb Hi s rdditay thaawrs 130 doerdadinenésgrsiitéed
refrigerati oM rtllip}e cjl‘rgc%latosrls“ig&e}ﬂe grrég & %lhr%re]: 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, eic., are measured

6



is only made possible by the efficiencies achieved by inplenenting the
principles as set forth herein, and particularly the use of a reduced-size

heat exchgp@hAgsgoil. By virtue of refrigeration unit |90 pafithdogass2i
exchanging coil 120, in a preferred 25 enbodinent, the cooling fluid is

cooled to a tenperature of between -240 C and -26~ C, with a tenperature
differential throughout the cooling fluid of less than about +/-. S o C In
ot her enbodi nents, the cooling fluid is cooled to tenperatures outside the
-240 Cto 8 WO 02/ 1-7s3 PCTI US0111~821 -26~ C range in order to contro
the rate at which a substance is to be cooled, chilled or frozen. Qher
enbodi nents control the circulation rate of the cooling fluid to achi eve
desi red cool i agd pronessed, mgd sentioledgriatioare serido mptorsr Ik foviarpaset dredegestiasgrihicof

cooling fluid be changed i n..order facilitate,a rty.cul ar cool.i.ng,
chilling or FURRRERFalY Oifpe of lmpeﬁ%w%?%wesﬁdta BgPr ARl fansiors 130
conbi nati ons gfe eAMICRA tb mbidaidial GWBlotRdnkIRfefocity @kt Nhnkt BF HuMAodiRiongnd
cooling fluid tenperature can be used to achi eve desired cooling, chilling

and freezing hasush a cBse, fredpesue pr badbtiomel spped béimpedlierg B 2aimpsated bsinmotarsdl 3o |

i ze, heat b d f bst. 80% faster than k
convent Sonal - FEAD! GUrBE Dosng U 2 otS Afdndt Faah P omERHr e A0 R o B3
hel d at a conglaRbdddab EnpitmBAY préfeP@l efBY¥dinfint bRAS hreddid iSVHABEA. "RIkor8 1 30,he

present invention has been shown to provide a performance coefficient
greater than arotRecalchlatdint34, he ipendreadriecdy moebling fleidt 146f As agenili, ngplingst em

S YR - MR ST
Coarml e ST il Qog angagal v o has been show, g be
using only 31,000 Watts of electricity. Using these values to conpute the
per fror rrl%nce coeffl CHiegtngxc iar?flgigg cto?lelgomisl (;))\r/gfgr%ble}}/qg Q‘Eriu?tqipafh ﬁg'i(l),gov\\//\}/lich allows
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 110 is
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 frozen, 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.



~I COOW 132 20 which shows that the performance coefficient for at |east
one enbodi nent of the present invention is 1.32. In addition, tests have

been perfvgéEE yiowi ng that the measured refrigeration | opdrusemissed to
freeze a pi'ece of Beef Runp from+60 Cto a core tenperature of -180 C

is 1479 BTU‘s An operational freezer in a normal production process
freezes the Beef Runp in 40 hours or nore. A nethod according 25 to at

| east one enbodi ment of the present invention has been shown to freeze a 5
kg 9 WO 02/ 17s3 PCT/ USOL/ 1s821 pi ece of Beef Runp in approximtely 3
hours, a tine savings of 37 hours. In addition to the rapid rate at which
substances may be frozen, the controlled rate of cool chilling and

freezing provided b§ a@%@é"?éﬁf“@ﬁd’é‘?ﬁ%d?%ﬁ‘tat’% u’@‘h@%‘ﬁé@%‘ﬁ'@eq tQvediel te leadh
prevent damage.fg, ﬂé’ér?llt ?ﬂéﬁ?%xgﬁhgﬁ%%’l?n y.50 3t b §ar QY ﬁeHo%gﬁioﬁuscHg %rs?e?n H::

Beef Runp), by prev Ice crysta esse

damage to cella Betlmuealahasfﬁdi@ﬁtemmnlg résaWidgdn Fhéeongolled) rqﬂﬁcwbln@tchmﬁng or
cooling system |00 suitable for cooling, chilling or freezing relatively
| arge quant i tifEeszier oS apubdwnces Theelficvatseidhe refigesrtionwitd JRes direstly relatpdio 2

e T T s Y e M e M

indicate |ike, "si m entrca ure cont al ns

fluid |40, intexchdtigeloil aehaddbihe 8icide ohipuesfedmpldasts dse irl frigyaidnyintqop) ed
to rack support 210, such that rack 150 may be raised or |lowered to

facilitate the placenent of substances into tank 110.. In use, substances

to be cool ed, chil lﬂﬁgg{etﬁd’d%%o s?‘lii IIre eg&eﬁos%%l%g% élsq:ﬁ b%%?algtia i3 bef’%&een%lgo

Preferably, shelves are c Wi e erw'se

that cooling fieftigdrabhd@wlihg Galdyi40i e@pératieesOm@betvitd e cdRdéRmgdERpeIsture
substances pl aced thereon. Preferably, once the cooling fluid is chilled to

a desired temdahm@blenump@@pmﬂh@q@mp@mrs crtgu& ta@oher with th@dﬁélgnm the n

order tg,sub el ves in fIU|d rin ack. 15 y
be a_ccoﬁ%l is E@]fgffgﬁggfpaefog}]ﬁasﬂ%” s \F&“gb éi?@méﬁﬁg %ﬁ %Iv‘fq‘éé}li
confi gurati onsjkp@WohR thd Q&EFI%KL*CJI |t@9e ey 1‘h h&alhted zgﬂdrtfgl'lltlgtc@ﬁf%oli'eﬁ“tn&rh{e? W ate
cooling fluid 140 across substances placed on shelves 155 to provide quick
and control | echcbizot imaxcessifltwemyfioe prcemzrentgr performance from the compressors than

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

Note that in the embodiment illustrated in FIQ. 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. Tt 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
extremely 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 +/-.50 C.

In other embodiments, the cooling fluid is cooled to temperatures outside the -240 C to

8



Referring nowto FIG 3, a nethod according to one enbodi nent of the
present invention is illustrated, and designated generally by reference
nuner al 9 02/£ sjhe illustrated nethod begins at step 310pcwusopisspol i ng
fluid is circul ated past a heat 10 WO 02/ 1~7~3 PCT/ USQOL/ 15821 exchange
coil. The heat exchange coil is operably coupled to a refrigeration system
as 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 tenperature of the cooling fluid is neasured, and the nethod
proceeds to step.330 where it is 5 determ ned whet her the tenperature of

the cooling flyuid is withipn an optinal tenperature range. This_ opt] nal
cool i ng fluid 'fé‘”nséﬁ%&qw@r#]%fg%orﬁ@@g@éataiaf PaicBrsubarncait joupesnoled; chilled or
appl i cati ons, i r .
pp! | 1 ons fmwv@fher%nﬁbgfn?gngsﬁ%nﬂggfoh%%km}llgﬂ?ﬁfzﬁé Hf the ncgiigf%lhg{d 0B Nieve

applications is between -24~ e cool1i tenperature
i s det er m ned desitedtcoolieg, whil lmgordrezipg ranml Altdhativdgddabevatume df ¢aiipe flatidimey

range, step 3.3 is.perforned. In ste 3 5,. the heat exchanging coi] is
cool ed by a ré’Fr‘g@éﬂeﬁt‘? gHen fg?ﬂ%f‘da PR 398 n&éﬁe}ﬂﬁg of B%Zﬂ%rgaﬁgf S8l be
whi ch t cool, KT | m?%g R - fer
to Iower'r)et he tagﬁ%glra ge'ltdutg%ﬂ %rfbf{u%%&)@ggﬁ%ﬁ%g I%%ogﬁg?’?g#g?gl% Y, g‘lttéé’gdsd"%‘!i‘g fﬁlggo
330 and 335 arelym,fhod cedinpaiid mnaeratuternia be ubel warhieng dédirtddooBag kaflihhe
optimal tenperature r anqe. 15 Once the cooling fluid reaches a proper

t enperature, taﬁéﬁi?é%lﬁ%)ﬂﬁ?ﬁ-oceeds to step 337, in which a circulator, such
as a subnersed notor/inpeller assenbly or punp, is used to circulate the
cooling fluid at the velocity previously discussed, past a substance to be

cool ed, chilled or Bymapstly Bsariche thoadftiggatidniilentpad 268 sy, Hdaecabrseanoed
heat is renoved fromthe substanﬁce which is at a higher tenperature than
20 the tenper AT @ BPStERGE WOl Boig TBstar than kngwnsconyenomal refdgeratiomsyseiss.i ng

chi |1 bdlr 1 W ERTOHALY S Rt Bl e L b R 2R SR B8 RO R

the cooling flegitddinant SEOMet Prekdht ARRGIRI | Bas! Buar §bwiS & tPhadides pbei@namcs he

substance to be cooled is relatively hot conpared to thé cooling fluid, the
viscosity of tchefficisot gnegtef than d. Rasallthatjthesperfdrmane: @B ffpraent of heodulgsystawds i s

| ess than the viscosity of the cooling fluid that has just flowed past the

heat exchanging coil. I WO 02/ 1-173 )ECI/%ZZ;’/ 1s821 According to at | east
one enbodi nent of the present invention;c a Bétantially

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 _
£ = Awoow— 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



constant circulation of cooling fluid past the substance to be cool ed,
chilled or frozen, should be maintained in order to provide a rapid and
control |l eyg @@g4f cooling. However, the flow rate of the l«;@g?%d}gﬁylui dis
dependent, at least in pant, on the viscosity of the cooling urd.  As
mentioned in the previous paragraph, the viscosity of the cooling fluid
changes. In order to conpensate for the changes in cooling fluid viscosity,
step 340 is performed to neasure the viscosity of the cooling fluid. Step
350 then determines if the viscosity of the cooling fluid has changed,
either due to heating of the cooling fluid by the substance or due to
chilling of the cooling fluid by 10 the heat exchanging coil. If the

cool i ng fl ui dpiscepiddess Rupnmiaspprizinatslyd harsm tiagsavingsef Bdhawd, wherein the
force (e.g. torque) supplied by a circulator (e.g. notor and inpeller), is
i ncreased to conpensate for the increased fluid viscosity. Alternatively,
if it is determ nem Adaitsdrel tRPBpidiate dt RiGPQIbsRAcds dythe/fre£aSthe ¥omtasiled
decreased, step 353 is performed to reduce the force produced by the

circul ator. |fateef doadingrehillingand freermagprosided by agrefsireq embodimericrfdbe t he

circulator tontinues to circulate . the coolj fluid wth,an..unchanged
amount of . f or BESCT FREBPO EEn PRRE T deiaRr rrehe et PrDe £8oR T AT begi ns
agai n. %he stgpshid ﬂh@ﬁeéﬁmﬁﬁ),ray%ké%enﬁn%aﬂ@ foRRMdnTeeedir$8als aRMlebRnig the
sequential order. However, the illustrated nethod is of a nature wherein
sone or all oflarhdge tetcelpstrznt@e®0 conti nuously perfornmed, and nmay be
performed in a different order. For exanple, at |east one enbodi nent of the
present invention uses a single circulating notor to circulate the cooling
fluid. In such an RERAAIRAL 1o RPN AlehbiithehBofidofith &< RS buiAbRkeBE
exchanging coil as 1 n step Sfb an&’pagt alsggs?ange %g§be coo%gd Pﬁ step
337 at the saomlingnehilling caddezingrelatorty largeaphiantitinds offsubdtancps Bslesatissedvent i on
nmeasures cooljng 25 fluid tenperatures and viscosjties con}i nual |y, and at

mul ti pl e | ocalPisHacGIEReiRls IR TGy S thatrre lpkey imilan gf Keptihioufesanse nusralt ep
350 t hepVvi SCOS) f._ 1. 00| i fluhd i 2 . . .
oot Ul 160 HG: 2&?4‘%@3@5&@%‘?‘%‘1& gaég’gr‘%%la@g‘gr etjs'o Tgnl‘m@?‘élﬁ%ﬁﬁ%oé’éﬁ@#édnt
order to detet40,neoaviitieragle | 5O niakhde dowéredgREEWIL 3D ins@ablytapuplBatdieick t he

change in cooling fluid viscosity is determ ned indirectly fromthe
rotational spE¥WOBR1Y, wichshat sackdrOmpavoie rajsed pRloVeBRdblo fﬂ‘é‘ll{a&ﬁthﬁ Rigceineny of

sl ower rate, i ify is assuned to be increasing, and additi onal
power can be %J}S%P%éelgnt;égigﬁgmﬁbtor to return the notor to the desired
rotational speed, thereby conpensating for the change in cooling fluid
viscosity. In at |east one enbodinent, a notor is configured to maintain a
subst anti al | y consliaie, substaness te b §0¢ledh. chitfedor Sipzen astrilaged pn sgivesad ofat e

{1 uia 4Py cul atse o Bregit el B s HESHRRkIR FREHPll e ber iy "

cool s, chill scaylinffREZ €40 ﬁlﬁﬁﬁ%él@(‘cﬁ’éuliafb dveE, QiMtEOAdest aanthdRabasieesiplaBaner so
as to achieve extrenely high rates of heat exchange, resulting in a

freezi ng rat ethgpeono Praderabynancegbeseaiingdivid isathilbeshiperfiesioerbiemperabi ¢ rgek

met hods. In additi at | east. .ane nethod accordi ng.tao the 1 ~ nresent
Mvention froureeato B RRR BT I Py BTFOET Y MrRrdeahlrat S BTNt hou
causi ng damageodlipgifhed $4RSLANG e e 150@keBY a@d’dﬁ&ﬁlﬁhé&nﬂnﬁaﬂ%@i’ﬁﬁﬁgand or
preservation rate higher than known conventional freezers. These nethods
al so réfuce t variusgean clofinandor pilde confignpyionskebviytathoseskiiedin 8@%rtwhen

conpared to eéh%ttﬂlatrc]) s PRE Eﬁ%dl&’t@%koﬁﬁgeﬁéﬁrﬁo agr%ss substances placed on shelves 155 to

in

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



In the preceding detailed description, reference has been nmade to the
acconpanyi ng drawi ngs which forma part hereof, and in which are shown by
way of il \wsgay@sdzon specific enbodi ments in which the i nvestdgs 8k be
practi ced. These enbodi nents have been described in sufficient detail to
enabl e those skilled in the art 25 to practice the invention, and it is to
be understood that other enbodinents nmay be utilized and that |ogical,
mechani cal , chem cal and el ectrical changes nay be nade wi thout departing
fromthe spirit or scope of the invention. To avoid detail not necessary to
enabl e those skilled in the art to practice the invention, the description
omts certain informati on known to those skilled in the art. The preceding
detailed 13 exohagezoil7JBe beat/cysitnie seibis apswbly ¢supled to 8 refriperpédrosystennast t o
be taken in a.limting sense, and the scope of the present inventjon is
dof | ned onl'y i pE ARG Rl iedettes He Rt oS elhy R IED . Veuar
IS CLAI MED | Qoofingd flufl @RI B@Gef PhstaROhdanBx HARSE SHIC 48 sepPO thé Relipefature of
circulating cooling fluid past a substance to be cool ed; and 3 controlling
t he circul at itbecoflingfiuid comeasyredd, endiths nadthadprocecde tocsheyl. 3 30gwhdreitds i s 4

A SERATE R B A TS S L IR
viscosity. 1 tgwgéa&rm&eﬂ@%d nfal 8Nk fifi§ fdnipRtat wgb%@goe%iff@&h@ffowg

the cooling f past 2 a heat exchangi’ng coi I- submersed i'n the cool ng

fluid, and whiffetent appdichiats, Bowesehangefeged oplimalstempgraturerange foemmnyng t he

sane anount of heat fromthe cqalin fluid as the anobunt of heat the
cooling fl ui chPgﬁ%Wé’é I?IP%WF?‘h"ez‘lgtﬁ)?%a%égéfl 3. The method as in daim 2,
wherein the heat exchanging coil is a nufti-path 2 coil. 1 4. The nethod as
in Caim2, wherein the size of the heat exchanging coil is

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 submersed 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.

11



2 directly related to an area through which the cooling fluid is
circul ated, wherein the 3 area is about 24 inches wide and 48 i nches deep.

1 5. The Wg&g} -8s in Caim?2, further conprising cooling M’ﬁu%ﬁﬂ?szl
exchangi ng col with a refrigeration unit substantially matching | oad

requi renents of the heat 3 exchanging coil. 1 6. The nethod as in Claiml,
further conprising maintaining the cooling fluid at 2 a tenperature of

bet ween about -24 degrees centigrade and -26 degrees centigrade. 1 7. The
method as in Caim1l, wherein at |east one circulator is used to circul ate
2 the cooling fluid, and wherein controlling the circulation conprises
controlling the 15 WO 02/ 1-4753 PCT/ USOL/ 15821 3 circul ator to produce a
desi red circul ati ofccosting tolat Seastiire enelidudd e fitie BlesdntirFentibg resubstaiteally

circul ator conpr.i ses: .a tor.; d, 3 an inpeller retatably.coupled to the
ot or ouch ¢ HAPERETCHGEPR B caobba s bast the sopienciie b ROS TG e 1 o
The net hod asshbﬁldge%%t%}nﬁ?@?éﬁbpto%pﬁqg'atrhﬂgﬁhd EbktedHedt e of §o<ﬂm§. oyed for

2 each foot of cooling to be circulated past an area not greater than
about 24 i nchésw&enitieflawdatd 8f theclvekinglfef is defddhdeithat laest opargonithe Cl ai m 1,

wherein_the circulation rate js,about 35 ljters per 2 m nut er .foaqt of
cool i ng 1 ui dVlicﬁF‘ﬁifb‘!Hg%ﬁog}né %‘é}tgémfé‘f@?ec{ ‘I‘Féheﬁ SIAUS PATAEHPRSCWIEESY and
48 i nches deep. . d { i i : a1 uid
is a solute. tHAZCO%ilﬁ%B%gdt ﬁ%hgéag's Iﬁﬁrd é?qn%ﬂ{iﬁgr%%tre t erg(%@ar{ ?‘s“fér@h? gg‘éﬁz(% ng

t he subst ancevisosidy, 2tep 30 Opdriaimbd eemieagiré desiischbsityBof thheoniightbeldastepn C ai m
12, wherein controlling the freezing rate conprises 2 controlling the

subst ant i al | y359dhan deternpnesdEtheviscaaly of the gpalinedhiid haschenged githgygivedy 3

fluid. 1 14. T id.: € ai erejn i f i,ng
rate conps. | daid TP Sodtihe i hEUE sl g S BN of REcdIBe T EERL
the subgt anceht hedoexcpapiagd coil. lfShe dR@ingEIN@d vasgosity Kdsandreds2d, stdje338 i9

controlling the freezing rate conprises 2 controlling the tenperature of
the cool i ng fRegiormed gvherappthgdpret7.83topr) Biswmlied b3 axirculatr (TRemporgdd as in

Caimi, fur tipn %llgr?,rfg{ric ei:ag t%%%ln{p@gsaﬂehgor %tyeb%tcraegsce% ff‘utid %iscosity. 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

systen.

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



2 controlled cooling rate. 1 17. The nmethod as in Claim 16, wherein
controlling the cooling rate conprises 2 controlling the substantially
constant Reeiels4;m ned circulation rate of the cooling 3 fhujfegihsdl- The
met hod as in alm 16, wherein controlling the cooling rate conprises
controlling the velocity of cooling fluid flow 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 naintained
Wi thin about .5 degrees centigrade. 17 wo 0zn~~s3 PcTiusnnmss2~ 1 20. A
nmet hod for cooling substances conprising: 2 circulating cooling fluid past
a substance t dlitgetly mshaedigichepraparedipsa provious measurehenton ordgntd determing ol | i ng
the at |least ope circul ator to.maintain subst anti al.l onstant. 5 . .

pr edet er mi ned VEPGCREYE BroEdRa Py KAtk P chere e fodife ibEsR it o be
cool ed, 6 i ndeRengGRd iRlIr&AFTERS thdtofRiBhAINGedd ot Lcidcubfivg nlotor. If #ht mIibEis

met hod as in Claim 20, further conprising Circulating the cooling fluid, at
2 the subst anttivaingatprsbolatrantei thed theevieisity js gsasneditohtancreasiig ayd adfitonal
subnmersed in the 3 copling,.fluid, and wherein the he xchangi n oil s
capabl e of redSWih§Hhr® F"H’%Ef’\d ?%&‘eimré}ﬁlfﬁ? I {\’Hhﬂ}e %?toﬁ@gt‘%‘e 5?5&%3{%@“@@@?5’%
fluid as the 150 ah 89inf doBli EResy.f ubst ance.
1 22. The net %gﬁggstsci np%ﬁgt?nn% %ﬁt \/vhg?%figlrrl1 étoﬁlelg%gg'{ excﬁ%gl{n%g]ég%ﬁn%i S a
mufti-path 2 coibodirter?3a nibhw isredifophrakstoi maitladi asdktantibléyr @nstahtvatesifze of t he

heat exchanging coil. js 2 directly related to an area through which the
cooling fluid rg@“@?-r gl]]SéPB%}?ntWi]é{rCQPﬁa?tﬁéte@féT}(é% rotatign gyt resyltiimahes wi de by

48 i nches deegub&a‘%ﬁﬁly?gﬁ?ﬁ%@ﬁ%ﬁ?‘é@% fidle gljatimfl..urt her conpri sing cooling

t he heat exchangi ng geration unit substantially matching
| oad retirenents of the heat 3 exchanging coil. 1 25. The nethod as in
Claim 20, further conprising maintaining the cooling fluid 2 at a
tenperature of bet whidgad9aeEmbodimpagpEidbs Peesart igyention gaels. ohllgu dresees

centigrade. 1 The: i j ) I i i

| east one cir c%?% %(,{QS’E{T% %%ggqlgcgsa hggjg& S Hﬁ'ﬁé&@}%@? (%ggena cgé%g% % )g[%f! r%eil}g {"ﬁg Fadd!

circul ator on dftheatcexeharyg, febuliitlg g freéAag ratSup toMofAhdY $®% 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



PCT/ USOL/ 15821 3 the substantially constant predeterm ned velocity of the
cooling fluid circul ated past 4 the substance to be cooled is maintained. 1
27. The nghpAsRS in G aim20, wherein the circulation ratgfgs il 35
liters per 2 mnute per foot of cooling fluid through an area not greater

t han about 24 inches wde 3 and 48 inches deep. 1 28. The nmethod as in

Cl aim 20, 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. 1 29. The nethod as in Caim20, 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 wi de and 48

i nches deep. 1dseriptivmds taemtnae. a9t forbedplsgnminadimifng sense, amdlehe seapegthd uid i s
a solute. 1 31, The. had. | i f t_conprising freezing the
subst ance at a@ﬁ“%gﬁﬁ§%$ﬁéﬁ%$§%%§?%gbgg%%@pﬁggggﬁ$ﬂg met hod as in C aim 31,
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 Claim
31, wherein controlling the freezing rate conprises 2 controlling the

vol ume of cooling fluid. 1 34. The nethod as in Caim31l, wherein
controlling the freezing rate conprises 19 WO 02/ 17s3 PCT/ USOL/ 15821 2
controlling the tenperature of the cooling fluid. 1 35. The nethod as in
Claim 20, further conprising cooling the substance at a 2 controlled
cooling rate. 1 36. The nethod as in Claim 35, wherein controlling the
cooling rate conprises 2 controlling the substantially constant
predeterm ned velocity of the cooling fluid 3 circul ated past the substance
to be cooled. 1 37. The nethod as in O aim35, wherein controlling the
cooling rate conprises 2 controlling the volunme of cooling fluid. 1 38. The
met hod as in Claim35, 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 nmaintained within about .5
degrees centigrade. 20

14



WO 02/ 1- Q753 PCT/ US01/1s821 1 39. A method for cooling a substance
conprising: 2 circulating cooling fluid past the substance using at |east
one Circuly@j §¥3475% determ ning changes in cooling fluid vi Sﬁ@ﬁbgd’l/lgkﬁ to
thermal transfer; a.nd 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 nethod as in Caim39, further conprising circulating the cooling fluid
at 2 the substantially constant predeterm ned velocity past a heat
exchanging coil 3 subnersed in the cooling fluid, and wherein the heat
exchanging coil is capable of 4 renpoving at |east the sane anount of heat
fromthe coolWHAT I8 CAAMERISanount of 5 heat the cooling fluid renoves
fromthe substance. 1 41. The nmethod as in C aim40, wherein the heat
exchanging coil is a nmufti-path 2 coil. 1 42. The nethod as in O aim 40,
whereim the sgize Qﬁfniehﬁ)dﬁ%@éocﬁ%g'},ﬂwéﬂégs EQhpridigg:2 directly related to an
area through which the cooling Tluid is circulated, wherein the 3 area is
about 24 inches wiciteulativg d®lingdhed patesulista@e tThecodediaddas in C ai m 40,
further, conprising coal.ing the at changi n coil, wth a.refrigeration
uni 1 scbatant i al | oRERuRERY TEalitPbgltsnend Rl £7h el beSubE s g
coil. 1444, Theurrlhed sé‘l%tdrﬁiafﬂ/ BbiRa?? preddbiethfied SORLIY padt thdRbithiled BY 1 he
cooling fluid 2 at a tenperature of bgtmeen about -24" degrees centi grade
and - 26 degr eesledant¢mgpndete.of thatfges thaoheg flodl dscasity.Cl ai m 39, wherein the
circulation rate is about 3 S liters per 2 mnute per foot of cooling fluid
t hrough an area not greater than about 24 inches w de 21 WO 02/ 17s3

PCT/ USO1/ 1s821 3 481 ] : . et ag i Al |

wher ei gl t he ?Il r cuﬁlgftécg?ég%%%:@zcelg&?g’ %lﬁrl}%?%)rm -g}ia%h é)&g%t]?%ﬂé{(foerlﬁé g%l gtitgpfgﬁ y
coupl e t o t heheapd@hardithcdihatbnidieediinped dogiing flual, @sd vherkircihe udtat e t he

cooling fluid.; and wherein 5 the circulator force is a torque supplied by
the notbr. 1 e&7hangHig ceetinepakls aifempyinmitrosamgraning obheah figm the fagling

circul afor | Sﬂu‘?@Pé BES é)flyﬁ{ %@he%ﬁ@g S@&%ﬁg £id598 %&%rcfé!é 'tﬁéaﬁsgb%g&%. ¢i rcul at ed

past an area not grea an a i nches I'nches deep.
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

area is about 24 inches wide and 48 inches deep.

(U3}

1 5. The method as in Claim 2, further comprising cooling the heat exchanging coil

b2

with a refrigeration unit substantially matching load requirements of the heat

exchanging coil.

(OS]

1 6. The method as in Claim 1, further comprising maintaining the cooling fluid at

o

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

no

the cooling fluid, and wherein controlling the circulation comprises controlling the
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1 48. The method as in Caim39, wherein the cooling fluid is a solute. 1
49. The nethod as in Caim39, further conprising freezing the substance at
a 2 cont r@H(ﬁﬁﬁg eezing rate. 1 50. The nethod as in C ai r(p4Qusothsdzgi n
controlling the ?reezi ng rate conprises 2 controlling the substantially
constant predetermned circulation rate of the cooling 3 fluid. 1 51. The
nmethod as in Caim49, wherein controlling the freezing rate conprises 2
controlling the volume of cooling fluid. 1 52. The nethod as in C ai m 49,
wherein controlling the freezing rate conprises 2 controlling the
tenperature of the cooling fluid. 1 53. The nethod as in Caim39, further
conprising cooling the substance at a 2 controlled cooling rate. 22 WO
02/1 .t A3 PCFigsalrte groduge g gesipdeingplafonitals in O ai m 53, wherein
controlling the cooling rate conprises 2 controlling the substantially
constant predetermned circulation rate of the cooling 3 fluid. 1 S 5. The
net hod @s in g0 ai MR3nethbeaeINCRANY! Rhérehé BRcAA6} tdifprike conprises 2
controlling the velocity of the cooling fluid fl owi ng past the substance to
be cool®d. 1 56. Thewatethodl as in Caim53, wherein controlling the cooling

rate c rises 2 controlling the te rature of the cooling, fluid such that
et enper at ur e i PHETEHE BT HOGIBHS JEe PRt cbdl AGRF ITPAT SR R ai ned
Wi thin pabout cirey@Rohe@Solse Hihidr ade. 23 X
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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.
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6 1ndependent of changes in cooling fluid viscosity.

1 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
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1 27.  The method as in Claim 20, 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 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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10BY" 109%& () - 30 Y0VEThQ ieftfdd as in Claim 35, wherein controlling the cooling rate comprises

2 controlling the substantially constant predetermined velocity of the cooling fluid

3 circulated past the substance to be cooled.

1 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

28]

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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1 39. A method for cooling a substance comprising:

2 circulating cooling fluid past the substance using at least one circulator;

3 determining changes in cooling fluid viscosity due to thermal transfer; and

4 altering circulator force to compensate for the changes in cooling fluid

5 viscosity, such that a substantially constant predetermined velocity of fluid past the

6 substance is maintained.

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.

| 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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2 a motor; and

3 an impeller rotatably coupled to the motor such that the impeller rotates to

4 circulate the cooling fluid.; and wherein

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.

| 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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P #3%& { ) * +, -55, 01284584884 as in Claim 53, wherein controlling the cooling rate comprises
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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.



