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SYSTEM AND METHOD FOR CHANNELED FREEZE PROCESSI NG OF

NON- SOLI RudvisIaRAL S BACKGROUND OF THE I NVENTION 5 Fjel doffiohle

I nventi on The present invention relates to a systemand fethod for
processing materials and products and nDre partlcularly, IS enbodi ed
in a closed-cycle, : ' o EERANYELED non solid products

and material s that ER&3 B ING O L : state by

| owering the tenperature of the products Descrlptlon of the
Rel at ed , '_ bi osl udge, is the byproduct of a 15

bi ol ogi ' 1 orocesses and conprises, for exanpl e,
a n13tUU@gQLiJﬁ@QﬂMigbﬂtéﬂﬁgéﬂ residual salts and netal s, and water.
Costs for ndfilling in the United States range from $16 per ton of

sol i ds at a ¢ PTFEERReAPVERAAPTY KedRkPENEC26 SYSTEISEDTematdiPcatiar

I andfi | Iptdrassiti® mBthewaler 88 prdducts axE&rOHsredE%QQ%%'ul%Qi LS are nore
t han $500 per, ton  of resi dual . Canada and United “States
have pa&%e&Pied ipeqt sFAPEEA- FEG&Eri fparsiesad esxerernforo ARpcessing

subst anthghlyo1id E’r‘%}&!ﬁe& PEhAr o SPH DR ngnit s egyl &10%%&05% sl tes.
25 Several North American landfills require nore than 2 }.

waste nE¥eFenl £ reediidedstate Typl cabWpringhethelewampeinagure oft rge nent
and di spps@lccof biosludges accounts for 30% of capital and 50%
of operating costs for utilities. Furthernore, optim zed

bi ol ogi cal treatnent systens with 30 increased efficiency produce nore

bi osol i dg } kne b Opeyatefepngpre difficult to dewater

Thus, an ever romn 0 nments, industry and

envi ronment al Bst bl@ladiiad,s hoov bboselbdse, oribi oshadgeyproductan dfe a
di sposed L0 0 ff.egtdve ner_which is_not harnf.ul to,
ean?onn%%%lbgﬁgaiwﬁ%gﬁ' cgnsuﬁ%§3ﬂ£ ént i FLATSSSSS ﬁBg Qﬂpq¥ﬁﬁfflﬁqr
space. éxamplbiosnlmdxtumechxofnaacneed blomass, r&dIAB45128Ats and

PCT/USQSAQ@&%QI 2

and water.
Costs for landfilling in the United States range from

$16 per ton of solids at a waste treatment plant in Oakland

20 to $150 per ton at a landfill in a site in New Jersey. In
Europe, disposal costs are more than $500 per ton of
residual. Canada and the United States have passed

legislation reguiring meisture content to be substantially
reduced prior to shipping it tc regular disposal sites.

25 Several North American landfills require more than 25% solids
in waste materials received. Typically, the dewatering,
treatment and disposal of biosludges accounts for 30% of
capital and 50% of  operating <costs for utilities.
Furthermore, optimized biological treatment systems with

30 increased efficiency produce more biosolids that are known to
be more difficult to dewater.

Thus, an ever growing concern to governments, industry
and environmentalists alike is how biosolids, or biosludge,
can be disposed of in a cost effective manner which is not

35 harmful to the environment and which consumes a minimum -

amount of land f£ill space. Other biosolids which often need



to be dewatered include the byproducts of refineries and oil fields,
breweri esygiogdizprial waste water treatment plants, ceramcs, clay and
coal facilities, pulp and paper mlls and dri nki ng wat BETAUSP&3INg
plants. 5 A significant problemgef existing dewatering systens is
that they are not "closed cycle" systens. I n ot her words, exi sting

sl udge dewater | i_pment . i C e S .filter, press,
centri fuge, Bgs?rggﬁ%ggjﬁgss’)qwlﬁ%eg t%%;%r&p;ééélﬁsl ous P‘%)%trg% TE7 ?ndhé’rlﬂf ul
chem calTieH@st i baeweries, imfesterilgl vhehbcalateadditéatssentar @lacest,| y,
pot ent i u 0 e Wgelglye .. 1l sone cases, -.necessitate
t he col ?%%%{?rgﬁégf Ezjiﬁg taygatcr?eaﬁlt efp%%%%n%%r%’yaé}glrpmauqé, %aa?\%]érgﬁqslﬁnm

expl osi v@rinkiggsestandf yapersng plants. Unlike existing sludge dewatering
processes thaj ¢ ; on | yer to  _separate water from sludge
part?cles, A sg é&#gfaéﬁbéﬁFﬁgﬁ¥% %ﬁ ??ﬁf%ﬁ%ge FW3 RS ofiYSHERAL ddeous! y
utilize that ngheyalare phenomenasecatyee” shseede/thaW och€r words,
facilitaéfistfn noT-&heni%?I | i.qui d/sol.id separation. Ceneral ly,
condi tiofrhg — By ~ PraezePEHERST 1P Hcr E954E™ent e (909 of f BELFvedddsest the
dewat er i pgeps pceSSlter Mopeespeci des@tlfuge, sdrReZ@iRaW RIEAGLSSEIN
rupture V§1crobial cells__and_allo entrapped_water to éscape.

There ar &Gt er eRPEEPSEELAY wWtd™EY bi IR prasifidddes. by These
activat echshidge =yGieites The feYstiypepotr@intiWater RBrmeXistiHg Mt hin
bi ol ogi cal system solids are: %}) free or . bul k) water - water not
associ at 4 W PASRs p&ited i8I iRPME  CapEFti QIeEessitare ther soltliesitiomt er

- water an@ppedatindBntt Betentiatn§Vvingemrand th§g§ghgi§hdyg?c%§_q%g@ygflocs
and organi sns; (3) viccinal water - nultiple |ayers of water nolecul es
hel d 30 9%$ght #99t B2PRESparticl e surface by hydrogen bonding; and (4)

wat er of hydrehiQRe- & r I.C gggqggt i ,

It _has been observﬁ%%faﬁyﬂ%?;egéé‘y? haw Brégﬁﬁls?lson%tt' glegﬁl
partPcul &Py PelyBerPveto aseparaggei wgter firamer sibtpel @madtiicdesal

MDi St Ur esevdéral PHE md R leSo £ Ak Hahi M1 oy u [LOCeSS]
st eps _occur erTave z;n di rec? beari n%]p%sn t he e???gli(g%cébgﬁg’tt%ge&}‘esg% I
WO 98/ 5198blize a natural phenomenon callp@T/ USO8I€9A85haw” to

3 PEQEesSeard Signi fiLcantragpech of 1Lhepresens inygption i t hat
certain enbodi ments incl ude channel e& subtl%%l?ég%?%h ggp%ﬁ%&tona nor e
ef fi ci enPeRa¥reldy. f r eeendgtiohdmiing, bet c.fredze/thavwone iewhedisment afhd he

PreseNt Lareat i ghnekle RURI 45, Mot Sorsyotem lgslude, 8. f1eeze
£ and “a 1ow {enp

unit, a thaw uni d erature condenser Uit 3hiXxh
oper at e fvgeEhérhay aprocesprbegrapedresystiempbipdt cedichandar el iawso

nodul ar eﬁ@gappediQQL¥Ed98|E¥cg§8fU| for processing certain products.
For N )

There are different types of water in biosolids produced

by an activated sludge system. The four types of water

25 existing within biological system solids are: (1) free (or
bulk) water - water not associated with suspended soligd
particles; (2) interstitial water - water trapped in the
Crevices and interstitial spaces of the flocs and organisms;

(3) viccinal water - multiple layers of water molecules held

30 tightly to the particle surface by hydrogen bonding; and (4)

water of hydration - the water chemically bound to the
particles. It has been observed that freeze/thaw
conditioning is particularly effective at reducing

interstitial and viccinal moisture.
35 The rates at which various product processing steps

occur have a direct bearing on the efficiency of the overall



exanple, the freeze unit, as a stand-alone unit, can be 10 suitably

enpl oyed WQ488/5@R80 aut onat ed, hi gh-vol une bl ock pr odpetAQek/gust em f or
processing juices, fruits and food 3 products including, but not limted
to, chicken parts, broth and gravies, nmeat products, seafood and eggs.

For conpl eteness, reference is made to U S. Patent No. 15 5,029, 453,

gr ant edPr2gegs-9, R193gnifiiGatht ofsPect SferfhthgPresenitcRavent igH chs

di scl osegag channel n blaglo Skt f ohchii86Zid¥hnneled®b8bLBhits which One
object of the present invention is to provide a system and net hod for
cl osed- eféretprocesss ngLEtcABRESEIRLE T DroRwErS. t hRAgWERH, beétlbrought to a
solid s e i.n [y - t 3 e

Anot her B%%j 8?;‘%’ Ogdg\qt@(%l tpr%off/ih%xee & %ﬁsti)eg{e%)elcrs%: etels%'t eér]h%f gé;&gl{ﬁ{&eﬁ e %}r‘ﬁel y
dewat er spgtbinosadhicdsider @t hdirarme f oo or oducttshaw  unditt hand engl oyowg
potent| @Elnée%m&%' & ?x@e%%less' fRir whifRot B?érgfé?c o%;étﬁé’rprg‘“ dg,2
product processing system W Eh a pllurall y Oof i nterconnect ed,

channel edtegweatiear sagstem, upets wihitdh openat e bdget hemodslam i naadrat ed
systemor .. . . | (1i Vi duaII% to process certain g oducts. , Anot her
object &S FPEVIide ROEFHAd- B onETFrEESE Gni FERDP TR nd OIS a pFfrality
of chaemaplef,or thef ffetent! yuniand as aauscamdiLedly furaezi ngajinui Bes,
fruits and _other non-soli food products into_hl ocks.

AndPher SUREERNYI s PEPEPEERde Ruch 8 11 eRr TS whithh-volugdqi t PARSKI y

i ncl udegpradmeehanl seyadap edobo prbesvsitgl |y es adraneesf raaan peeducts
fromthe channels and to clean the . .Inside of the channels after_the
frozen PROGUES A Y¥iiRRd, but not limiGpdod/cs)gipicken parts, broth

PCT/ US9&/He0 vies, meat products, seafood and e4gs. Anot her obj ect
is to provide a product processing system, wherein _a pluralit of
plates defi F&T p?%rﬂla%?te‘@?ﬁﬁesﬁe%&rencecHﬁﬂéﬁ‘%ﬁ akowdl- IS - asP preRF dg’O-

st nuct uralpsuppey t tordhesgystramy 95 SUMVARY O chided NVENTI fé%l{aﬁling
0 e

In accordance with one illustrative specific embodi ment A '

i nventi Githeresysteii ¢lor ALRElPFREZE HEEESdi BTk systrit efPal SreReElinges a
freeze sggid,Qniincluding a first 10 elongated channel, a thaw section
including a second el ongat ed channel aligned with said first

el ongated chdirel objecta pbvdble baesear forveRtEtivel ytol audvigie he flow
of mi&dRl 5 8% ‘gﬁ‘%ﬂgqé&'efb‘éﬂ SESLLONS, - Fe r%&&:ﬁ@é?k@%ﬁéﬁ%gmsf Q5 g

freezing hmateri a processe I nto one or.nDre e ohgate . rozen
bl &ks, pPrpduntsbl ehaendrn béobradvhhcknga epRéidf pbakm by lowering the

temperature of the products.

Another object is to provide a closed-cycle system for
efficiently dewatering biosolids or other non-food products
without employing potentially harmful chemicals.

25 Another object is to provide a product processing system
with a plurality of interconnected, channeled, modular sub-
units which operate together as an integrated system or
individually to process certain products.

Ancther object is to provide a stand-alone freeze unit

30 including . a plurality of channels for efficiently and
automatically freezing juices, fruits and other non-solid
food products into blocks.

Another object is to provide such a freeze unit which
additionally includes a mechanism adapted to automatically

35 advance frozen products from the channels and to clean the

inside of the channels after the frozen products are removed.



bl ocks of material fromthe freeze section into the thaw section; said
refrigergggRisyst em bei ng coupl ed to exchange heat 9?&%5@%99455 om sai d
freeze section in the course of freezing said materia said t haw
section to thaw frozen 20 blocks of4 material which have been
transferred from the freeze section to the thaw section.

The foregoi MheredenpwPycbeipr o ﬂedvi\béha(ﬂ:):odudt albﬁod:assmg tstreteinaw
section _to drain off excess fluid sluch as 8ares

such a¥8IRige i & FHF ke oP1AEBE a lnﬁovBBPguﬁgr rPE Ca5C5thE outlet
end of dhigddiaw seGid 0N Wighovide Fapuditiepentedortr eecickhe thiescednidge or
residue fromthe thaw 'section when a new frozen block is shifted from
the freeze section to the thaw section, and (3) a unit for further

r enpvi m@ﬁ‘%@!j%ﬂrimwmhe residue or sludge, coupled 30 to the

out put of the thaw section Wth regard to the freeze-thaw
system the arrangenents for further renoving fluid or water fromthe
residue or rp aélcuslaan%%y Wina Usiee a1 h oust eaRSFAt Hﬁ@cﬁ?ﬂée'éﬁ\%rodlimeht

i ncl udi ng a heating condenser and a condenser-evaporator, enploying a
35 . paref altheacdwmvens icawer at haypoehi fPpoithe ofredre | RFAEHIng ofpater
to faci te tign. £, 8/@4&&5)0 a
PCT/USdg%%gﬁg%yQ [n28Bakalt! AN freeze sectMd? ing Ifﬁﬁft
coh® enpéhoegatedt chanhedeze drothewi ngedtiios rreapcludm quit e Slemcgel
rangin f t I t th, u
to 10 o O3 ERE PhehlRy Fhichbor et £pfe Puror BloAdaLER bt N CP
woul d g&nemedrdalyldae b@enler S5founceaieneivaly t Helaakinm rté‘ﬁm tfle)&pamsﬁ on
upon free ro ucts qal, terlal i e

Pref er aﬂ?é, g%ghbetweggc e n "GP 158 ey areming fgqg%%lauégﬁsess&%%a ™ S el
channel s§reezihg whitelingt era dbe V\pnbdem;ed r bzen, ohet oa songl e lodragatadd coul d
be_used._10 ncernin Moy enen L ocks omthe freeze
set?i onT*PRFE rﬁﬁ/o“g}g Saccd |§%€L§ rIT~{E‘ﬁar \%feos{ gér%g?kﬁér vt}f“% Eomarvrm whi ch
|s rrechhmbcabl yoﬁctrﬂa\t&hedali ofﬁ:baveﬂs@ tEereelzengstd?t:toifo*l intle skst ethawd t h

"dogs" endi n ers which enga n.bl ocks mat eri al ,
and whi Eﬁ gﬁ@“be Sla%égg]ﬁe‘iﬁ%elﬁfelﬁ% g}’g%ﬁm RRg cPhpeggh tochanqréall %I ock
of fromeat nebesaiakbd fror @‘aelrdablfy,eezspragcttmzlleas they calssebeof

nounted _ on _or ar mount abl e, on_t he _harvest bar arm_.so t at the
syst em F&§EBENT Sarléiad??'iﬁ“cﬁ‘n]ea‘ﬁbﬁh B§* thegr EFﬁﬁloPhg et T
vvhlzloe bhecks BOZzZh&Ee2i81SPWAYEAY Hdwd dbecthetspnayeeyatie £ouhd tm:l ude a
cl e%r water or Streamri nst&h “KCl e, . a cleaning fluid spray cycl e,
and a EREE SeChden &petde thiavh SedrdChar vest  bar traversing the

| engt h of th@h%ySE&rangrﬁf dydmsn may Nee SF@Yided wiazz! @) of @i:élﬁli Theani ng
equi pnrent may be fornmed as part of t he harvefsl
separ at &P¢ noRdY e@eGrigR to drain off ' Sxcals

leaving a residue such as sludge in the thaw section, (2) a

0 be
fégsuch as water,

25 movable barrier at the outlet end of the thaw section which
may be opened to receive the sludge or residue from the thaw
section when a new frozen block is shifted from the freeze
section to the thaw section, and (3) a unit for further
removing liquid or water from the residue or sludge, coupled

30 to the ;utput of the thaw section.

With regard to the freeze-thaw system, the arrangements
for further removing fluid or water from the residue or
sludge may include a low temperature condenser unit including
a heating condenser and a condenser-evaporator, employing a

35 partial wvacuum to lower the boiling point of the liquid or

water to facilitate water separation.



25 nmountable on the harvest bars. For freezing juices, for
exanpl e, WQ WBie989our se of shifting over from orange juice t@rrysosgfigt her

fruit juice, it mght be sufficient to. have a single steamrinse
cl eaning cycle rather than a full three step cl eaning cycle. 30
For the freeze-thaw systens, the harvest bar would normal Iy only

be required th- tBvEPSEHRSARES RS tidtealfreeze wprptretintieuniseemat o

nmove t heod razede chahhe! 0 t§¢i f t L ti to
he. thatw SeEt ) on DUt for o g Ez‘.%‘.“négﬁ‘u‘?%o?é% RSt nof aSTORE, 3RE ot

arrangeotgt ozcﬂrg@%Fsé“SSleftgﬁé" fup | to| dAgPKH éf theet siysthedght nahddlm)g) bot h

t he r a8z ey FSEELign he tf : [ a /51980
the [re8Ztore AN18AGehN® EHBWASEL! BBula generai1yVPedBLalo8d

Wit P and{mn%"srped:t abf the topertd qmermit fEpensabs mpvbefm@@fﬁge@fby
successiy a a n first and eco

refriger \zgfel O%ch%/%{gg% Bg ol \@r*r%(;vsl e %ltﬂo%essesse Eﬁﬁfeﬁ%gﬁceﬁal
freezi npamtiam abf i nheSSvsnemOWOuBle umlchanbewaram puteemélly chaels

revi ousl 0 ter aI he ot he hanmber . In the
Pnprgng?\%%tv{'%ng%g“?heer§§§t e%{l th n%ﬁoizﬁnth ug’a BrBviGusparagr &omld

vari ous = teverit i ves nmay be enpl oyed. Thus, for exanple, the nateri al
may, be frozen.in one.cha anced_ into_ anot her

h
chanber for %%:aun%?g% move%faagt PSn%Fg?rﬁt egiaFkFofEEHpFBSegéﬁﬁ%

frozen isedtheod rishis mavcbanbeeomﬁuehaatbyehyhawes@pgagdoehmi%%re%trmy be
enpl oyed Wi th, freeZ}1 thavm ngﬁbo&h taki ng place in_both chanbers,
ﬁé Bf

but wit TP 8AHY bechFF lFﬁ o¥edEhi whPl BTeR&WFRgths 1sngtikiafy

pl ace i nhdespiten, wpghwhEbgtheokeakps ﬁﬂ@ﬁ%t ﬁémbergh@mcn eB@%%ée cle
bei ng enpl o ed tﬁ V"gaw frozen nateri a in t ot her chanbér: oW ng
this stef‘pro Phated et PRI, andr whifkr ey &wt W%Mﬁﬁ@em@ is

fedid ntorddre espdy of Caaﬁﬁerchﬁﬂgelhebmgﬁk”aBgr'akokénfrﬂé%@ngﬂle the
previously 20 frozen material is thawed, wth

freezelt erably ¢y RFBEC HOFZIGS nBBt e ksranter s'ﬂounted @ES@RI PHEreN OF
THE DRAWINGA X able on the harvest bar arm, so that the system may be

readily cleaned by traversing the harvest bar while the
nozzles are spraying fluid. The spray cycle could include a

20 clear water or stream rinse cycle, a cleaning fluid spray
cycle, and a final rinse cycle, with the harvest bar
traversing the length of the system three times. The spray
nozzles or other cleaning eguipment may be formed as part of
the harvest dogs, or may be separately mounted on or

25 mountable on the harvest bars. For freezing juices, for
example, in the course of shifting over from orange juice to
another fruit juice, it might be sufficient to have a single
steam rinse cleaning cycle rather than a full three step
cleaning cycle.

30 For the freeze-thaw systems, the harvest bar would
normally only be required to traverse one-half the total
length of the system, to move the frozen channel blocks of
material £rom the freeze section to the thaw section; but for
cleaning purposes the harvest bar may be arranged to traverse

35 the full 1length of the system, including both the freeze

section and the thaw section.



O her objects, features and advantages of the invention 25 w | becone

readi |y qrpagde upon reference to the foll ow ng detalled description
when considered in conjunction with the acconpanyi ng draw ngs, in
which i ke reference nunerals designate like parts throughout the
figures thereof, and wherein: 30 FIG 1is a sinplified,

cross-sectional stcerdaeye ofwith anothesf easpdcsyséemtiley dinosed-ieycl e,
channel ed_processin f non-solid material illustrating .one
embodi BRI FLS (FEY D& PrPRegREAoRY §yccessive Traprinde aad, thawing

PCT/ US984 09438t and second chambers, and a refrigeration skkGem?2 iss a
sinplified, ,gr ss-sectional side view of a . frfeeze_uni t simlar to that
shown i FEeY %‘gs‘f’éh‘FBf uppe, the heaty profugede 1on i SPALPFIMTY o fiar Vbt
mechani Ak pakt idld Yewo coahedded oM thhArentlwckhal bieseBuBNQdUGiozesUCh as
orange 5 juice, with the harvest nechani sm pushing the frozen product

out of PReSFieézénuhkpe; other champey. 3 js a sinplified, cross-sectional

side view of 13 ¢hef B8R datSIdH | 8F tond halysthawnoipithegsystend FIG
1, the freeze unit including a harvest nmechanismwth nozzles 10 for
cl eani nBreWéCLAsiRREAFrame f VaE20UEn| 3L AT IVRE fPd¥ e eMpLewaét has

been pughgd owh 0oL LAS1Er €@ Whlerial be fHdFen? ilS cﬁq&&%ﬁé@f“ onal
si de view of the cﬁan%el S wt Rin the thaw unit, taken along 1ine 4-4 of
FIGO 1;ap8 then advErged jintg cprpethebctGlvrlenyi daroftlonwing twielle at es
al ong | LRQ; P53 1 : 4G & s-sectianat. view of a
har vest éggﬁ éélr'lg:il "%Ogelfioarl tﬁ% (ﬁeos%]a?{y%ee, %Eaer%’gjlrzgg p:?xgctg?%i #g*%%/tgtem of
FIG 1, chamber. AltRmat7ivelw togovipacef ghpmbbesr mdyhdrey esntpheeddni sm

Lor (e apiats, SPPISl A0 PSS IR A BT s,
but with freezing occurring in one chamber while thawing is

15 taking place in the other, and with the heat generated in the
freeze cycle being employed to thaw frozen material in the

other chamber. Following this step, the thawed material is
transferred out and new material 1is fed into the empty
chamber; and the new material is frozen while the previously

20 frozen material is thawed, with the complete freeze/thaw

cycle occurring in both chambers.

DESCRIPTION OF T DRAWINGS
Other objects, features and advantages of the invention
25 will become readily apparent upon reference to the following
detailed description when considered in conjunction with the
accompanying drawings, in which 1like reference numerals
designate 1like parts throughout the figures thereof, and
wherein:

{

30

FIG. 1 is a simplified, cross-sectional side view of a
preferred system for closed-cycle, channeled processing of
non-solid materials, illustrating one embodiment of the
invention;

35 i



of FIG 7, FIG 9 is a front view of the preferred harvest
mechani s\WWQS/HPE 7; 30 FIG 10 is a cross-sect/usasab4a3sfront
view of an alternative preferreg harvest mechani smincluding nozzl es
formed within the dog portion which serve as part of a cl ean- i n-pl ace
system shown in the figure; 35 . _, WO 98/ 51980 .

PCT/ US98/ 094381G. 2 is a simplified, cross-sectiogal side Vl?Wfolf'is a
L op Vi evwﬁ%iéleuhaltvwm;ﬁml aiﬂd)SIﬂihaEd s’hownfizdri:hé %xzssh:@:cm fof poging the
arvest mechapnismlaterally, jthin the freeze unit of FIG 1;

FIG 12 18 a ¥rofte vie of F_I‘Fel‘l‘\gd\i%sta n@aﬁ‘fﬁ%m SFEneR LSt | PR TSN of
FIG 1l embedded withli® 43 Hiock | 68ft midenvi prodhct he chatvess naehajd sm

and _drive systemof FIG 11; 10 . FIG 14 is a right side view
of the hiriest wetRafbemharvesihdiephsRlyysPephsrd Fie frozen product F g
15 is a functioppl blogkedj,ageam of the closed- cycle, channel ed

processing systemof FIG 1 and a first 15 preferred refrigerant flow
control systB&Fef 3t Hes ovesfiapdified, apgss-sectional siges viewi Mfugtrates
a secondgprefer ol el SRANEo! |Me shoiLAOLnSY SR dhephiooded type
for. the closed-cycle, channel ed processing systemo I ;
the freeze unit including a harvest mechanism with nozzles
10 for cleaning the inside of the freeze unit after the frozen

product has been pushed out of the freeze unit;

FIG. 4 is a cross-sectional side view of the channels

within the thaw unit, taken along line 4-4 of FIG. 1;

bl 4

15
. FIG. 5 is a cross-sectional view of one of the plates
along line 5-5 of FIG. 4;
FIG. 6 is a cross-sectional view of a harvest guide rail
20 for the closed-cycle, channeled processing system of FIG. 1;
FIG. 7 is a top view of a preferred harvest mechanism
for the closed-cycle, channeled processing system of FIG. 1;
25 FIG. 8 is a side view of the preferred harvest mechanism
of FIG. 7;
FIG. 9 1is a front view of the preferred harvest
mechanism of FIG. 7;
30

FIG. 10 1is a ~cross-sectional front view of an
alternative preferred harvest mechanism including nozzles
formed within the dog portion which serve as part of a clean-

in-place system shown in the figure;



FIG 17 is a plot of a cycle of the closed-cycle, channel ed
processi wp myssesdm of FIG 1 showi ng the decreasing t @ERAlsakbg48s Of the
refrigerant within the plates of the 25 freeze unit, the increasing
pressure within the channels of 8t he thaw unit, and the region of the
cycl e where the bal ance condenser of FIG 16 is enployed to take the
heat of FA§.-ectl onsafa ecopherifawzeh phedursremte néehedism 30d a

PG Lapsysl mlarcho e crassssecthanal sldecvi@itlnon 14lEshapnel s

bat addit1 onal a cinch’
pr ot rusmnhmechamﬁmlelzya wu;tl ed FOG.he ;two end pl at es of the thaw
unit; 35 F idlustrates n_.alternative odi nent_.of a
channel ed urll?lltG an:%:ior(? ng ftr %t h%le%rggen he iﬁ%@’n ‘?%nm Pen =™ and WO
98/ 5198drive system of FIG. 11; PCTUS98/ 09433
9 additionally includes a liner material and a vacuum i nduci ng
mechani sm for conductively coupling the liner to the pl ates;

FIG 20 is arnectiong Dl Deke dibde amiol af ohé enatd e hechied e recd

t enper at.ure condenser_ unit agcor ding to the present invention;

FIG 21%VEsSYEEDR Qe &t itng channel and preferred harvest bar
configuration of the | ow tenperature condenser 10 unit of FIG 20; and
FIG 22 is schematic show ng a |lar scal e freezel/t haw

systfem sui taﬁI@ f ot t B€ F oEéQEFnﬁlé:‘le b‘fjo%"bl Pls hie hargiest | pegeanism

muni ci paldd aril? systdAE N R DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
FIG 1 is asirrpllfy cross-sectional side view of a preferred
system 50 for cl osed- cycl e, channel ed processi ng of non-solid products

accordi ng to gfte prgsend 'a”V%ﬂ{é@Ibnaﬂ_hB?@Qk Y2 Br 0o £OY SESc8ehL CCZE

unit 52, thaw unit 54, and
cycle, channeled DVOCESSlnG system of FIG. 1 and a first

15 preferred refrigerant flow control system of the overfeed

type;

FIG. 16 illustrates a second preferred refrigerant flow

control system of the flooded type for the closed-cycle,

20 channeled processing system of FIG. 1;
FIG. 17 is a plot of & cycle of the closed-cycle,

channeled processing system of FIG. 1 showing the decreasing
temperature of the refrigerant within the plates of the

25 freeze unit, the increasing pressure within the channels of
the thaw unit, and the region of the cycle where the balance
condenser of FIG. 16 is employed to take the heat of

rejection after the frozen products are thawed;

30 FIG. 18 is similar to the cross-sectional side view of
the channels of FIG. 4 but additionally shows a cinch bar and
a plurality of protrusions mechanically coupled to the two

end plates of the thaw unit;

35 FIG. 19 illustrates an alternative embodiment of a

channeled unit according to the present invention which



tenperature condenser unit 56. In the illustrated enbodi nent, the
system S5Gvenpbeys a freeze/thaw process with the freeperanek/dodsyy units
52, 54, and further dewaters with the | ow t enperature condenser unit
56. 25 Referring to FIG 2, one enbodi nent of present invention

Ls a stand-al one freeze unit 52' includi ng a_g urality of C annels for
ef fi ci emdgibhenallpminicdaldey & A%y Tareesal and f‘rﬁ(@tcéluéhdl

non- sol i 0 Scouplffg the figezecdinthe S2iatasl udes a
har vest ﬂ%%ﬁ%ﬁf%% ggg\/ﬁ?gﬁagtm@g%o frozén into or at the %put e}nd of
frozen product 62. More specifically, the harvest nmechani sm 60

i ncludes a dog @4 5o 5L CBARY;BRa LT 826RKALILBeakNBYL 6f dNSPEONUR 62
The har ves rrechanl st 60 apted to nove along the |l ength of

the 6reepeefiartre82' 1ow athrpreitihe pcoddenseZ outitbf ackerd3mng f Eeesehqnit
52 after_the freezi ng process is conpleted. The dog 64 is shown

ext endi n§*FFGf-a lﬁafﬁve: “Hrm 66 only V\D 98/ 51980

PCT/ US98/ 09433 partl ally toward

t he bottom of freeze , nnel ed
that the dog é‘igmatyS e o ST ead’%S tnt ex“tsae:r?‘élgcg?r%%ﬁﬁg? 0 fﬁ%égg?%%{ln of
the freezlaree@raneabaﬁs.conflguratﬁhe bf eete UhDY F2mpelewanrien EbBledser
addi ti onal I, includes a harvest gate 70 which is raised when the
freéfi ngunit ﬁ’lfogé% izao"c@i‘?ﬂaet ed so that the frozen product 62 can be
advanced out of the freeze unit 52. A saw rrechani sm such as a chain

saw 72 nmay be erEpI oyed to cut the frozen product #o bl ocks Zs
unit

desired. 10 ReA%rrifig to BEFEE™at1ig p?)e?‘éjr?ed Q% an%l Bhesf r 8624°
52" addi tFQRald M ¢! HPeten GhBanrdlR- ptRcetRpparaicess8Qg of fpisedlibs
part, integrally with the dog 64 and, in part, external to the harvest
mechani sfhiog0.2 Jeeras R ciel ¥hean- i n-pl ace apparatus 80 functions to
allqw the inside of the 15 freeze unit 52' to be cleaned after frozen
products 62 have been advanced fromthe unlt Referring to
R RES A0 RED L Fown i n greater
det ai | a”d COf@féseﬁ fa'sf a"‘@&ﬁf:hﬁﬂgd f‘rogsF—)sEEEb.QnﬁDursG_@% 82, ewdof 86,
fluid di spensing hose 88, reel 20 90, header 92, branch |ine 94, and
nozzl es geceferred erapren S0 forhelpegAcRYFLRe 9h“P§erﬁ@eBF8F?§‘sa§9eﬂ§l ed
t° or rogﬁo%j solid t.f%'aﬂctcee a@tg&&ﬂn The phef ¢ieednhozzlasm96ar e agapt ed
i rect asp whi ch w | effectlvely clean the inside walls
of the frfeealeermnﬁﬂ @@Wl(ﬂ%ﬂlrﬁel ‘ér?ﬁe@ekﬁlt Bén t Fé@vorenit het 25208 S r ed
nozzles . unt t heggexterig he Sunhage @Qfsdde dog
64 to pr everﬁ g?l al&g.adrréargée@?o td%é}t 56nozzl esﬁ% t;'/\/nen frozen product
62 is beleﬂgb@dlsrhenltoutth@f ssgem 50 fempreysinpt frggeze/thaveprgcess With he
spray nozgfes. may be . ,JQuiLedsOnothenarygst shaEnor AIE4 R Wikt he
dogs aboveé ?h
the low temperature condenser unit 56.

25 Referring to FIG. 2, one embodiment of present invention
is a stand-alone freeze unit 52’ including a plurality of
channels for efficiently and automatically freezing Jjuices,
fruits and other non-solid £food products into blocks. The
freeze unit 52’ includes a harvest mechanism 60 which may be

30 frozen into or at the input end of frozen product 62. More
specifically, the harvest mechanism 60 includes a dog 64
which may be frozen at the input of the product 62. The
harvest mechanism 60 is adapted to move along the length of
the freeze unit 52‘ to advance the product 62 out cf the

35 freeze unit 52 after the freezing process is completed. The

dog 64 is shown extending from a harvest arm 66 only



30 upper freeze level and may be optionally lowered into the freeze
channel swyyd/sesget he t haw channel s during the cl eaning PCTRYS9b/69433

Anot her aspect of the present invention is to provide a mat eri al
processi ng system wth a pluraPity of 35 interconnected,
channel ed, nodular sub-units which operate t oget her as an

i nt egrat@i_fﬁyﬂwn ebwhipdi WHruabbytdm pEoeestreeze channeWD688/ 51D80is
PCT/ US98/ 09433 e rodqucts.
Thus, |3feberRRatly ofoneREPLARRGe PG, the A0S sjzlnéﬁyonbé:f&‘%ﬁ%?leg 5

s enployed,
a pr ef erg-adeeboshpeate1@sto thehovtdm ¢ Ghet, frercdeuddsnmslt $8&.or ned from
a plurality of plates 100 _which pr V|de stru ral ,su d.define 5
processi ng chanfel §¥e¢g2. UNAft hcriégh EPEY™ 47 Ehog{sg a croég@-% El%plse*g i on of

a thaw unit] Sdesi b phoWed beyatrderst@orkbt hé faised pwpéer thd Erbediment
includes a freeze unit 52, thaw unit 54 1{;md | ow te%perat re con enser
unit 56,PEPESBS WS CROTREELER £° thal) Gh&l | ¥5PEH" aPTETE nnetL. ©° The

subj ect mRLLEL-QF ohPe B0 tHY 65&ze udfvesd i ona saddinktnank ki such as
cont enpl at es vari ous configurations wherein _the nunber

channel sa gheinngtaw 72 merebsaEmloy§daltcr reHh ore uhf$Z€B Qﬁ@fiHEF <§r2

aligned. , .o EYLLREr ORr RecitRE. Plates 100 are preferabl Y, but not
necessarily, vertically oriented as shown in FIG 4. _15

exebpl ary pr8kéeradngditst dfice %etwf%r@(desstamé alonear?ﬁre@)ﬁerré{ré‘ity 3
i nches, %t’ hoﬂglalttq'o%aﬁ.g 'gl'rﬁﬂtdd%% can ke ean-iradiesked goReRERI upEn the
an

products 0 be processe ot her factors such as operating
t enper at ivesednd iaycberti nesntegrallfhewehhl dheerdoHf 64haitel sins Rt

significan ct_of_.the 2 e NEHon heat -
i ncreaseS™ %ﬁ feLfl“(?l ey haszeB# ﬁgghah?&ﬁ bbg By %&éﬁqéyan%}%? éalyeuahrllt with

apprOX| mahelpyace appanr&,\ﬁ)é)o BDorthrecpamrt%/ tanabeocrsddwh| basidomed pitheal ity

Ol atgs  RrleEd M 05T Nen e NS C0A00E! £.002, ggggﬁcggggggf%x{%l J 5

X 120" i besiz@dvanced fronRefrer rurng to FIG 5, a preferred plate 100 is

104 Tor a hea SRt iy’ nSHF unt SUch s T T oty (v apol 1T aohfifaastul!

pref er r edocofdlusho®fi4 dirs g‘masanmh: aéesdamizmand léb@pr5saﬁd a30 ., begiers, agandA’

Szgdgmrj:iqafp 5‘“fLC?LOS‘P‘c’J‘rc‘f‘“ﬁeElél'oged afgle ucsaazcgle 8" gcegééglegg g;lyg?é%?;})

The sharvest, guésleeraiok, 1 dra uItBSea9groané thzaaet i%. Prgéeuabllyto the

units by any C%rz]a\élecntl grll%le securl ng Nl%(:e%g% assembled to or routed
within the dog 64. The preferred nozzles 96 are adapted to
direct a spray which will effectively clean the inside walls
of the freeze unit 52 or channels therein. Furthermore, the

25 preferred nozzles 96 are mounted flush to the exterior

surface of the dog 64 to prevent potential damage to the
nozzles 96 when frozen product 62 is being pushed out of the
freeze unit 52. Alternatively, the spray nozzles may be
mounted on the harvest bar or arm 64 or on the dogs above the

30 upper freeze level and may be optionally. lowered into the

freeze channels and/or the thaw channels during the cleaning

cycle.
Another aspect of the present invention is to provide a
material processing system with a plurality of .
35 interconnected, channeled, modular sub-units which operate

together as an integrated system or individually to process



35 Figs. 7-9 show the harvest nechanism 60 in greater
detail ftvoomystigge, side and front views, respectively. THoxX/US98/09433 VO

98/ 51980 PCT/ US98/ 09433
12 harvest mechani sm 60 i ncl udesli‘Jpposi ng header nenbers 114
which are sized to fit wthin the groove 112 (FIG 6). In FIG 9,

t he shapemfairhe mogl6dtsi s soRewhat indepenrdertentof r of® habuBPerhe dog 64

shown i ' 2 and 3. 5 ol I gadhlyre APRY eGh@d Rl merdhe gs 64
and the%oF“k%?Tv“e%Oa:P ot m%@%%ﬁi sem%%%?ﬁ?gdn' g%ne?aixfecan be nodi fmiee—fjd‘lt oq%uit
parti culstrown inpEdduct4 prooedsideg appiticaiorned from a plpgliyy- of
respectively ill rate.top, : I sid | ght,s Sizdesviews of
a drive p\sﬁycs%/eesm 1%6 f o‘?’h%ﬁg R%Egggﬁveggkﬁggﬁgﬁrsmg%gggr%'hegégi vlceig§>}\£lteem 120
fundt i onsrdaegmiiey chatimellsar Y63t ne@lahiowgh60F EHF ong t fleowendt h cafoss -uni t
with the . dog 64 extending..ntp,the _unj S in_E he
drive sy%‘?%‘rﬁﬂréoogorfprtfgég : t|v§a)4‘ rot'Sr éa%o g%agg\g@%dgffﬁ:%c}d 1@%%& 24
att achedp#or ek dir bbodbyehbe imellanes2?, farakze imitmerhantsaw186isuct as a
chain drive pechani cal I\F/ cou Ieg to nvkhhg hea grs,114.agd.th§ elt 124.
A chain 7R bRY cbapPeratyre CongpPEEket ™ hheafs 723 Fhd¥125" £8°H e & he
harvest bRir£bity oFecslegdnéd tdamisin, amhd hsuehyctowettlee "ddgsheand
channel bl ocks of frozen materjal,. T drive system 120 is assenbl ed 20
fr ok corRERRtohal ORPBHER an@dCatipga aifie‘dorées/e ISBiry Variogs, guit
particul 8sn8ppPht 8L bRSS. wherein theFl Gurfed s &f f upEkheEBE bhoek diggram
of the closed- cycl e, channel ed processi ng system50 and a first

pref er r edecessarglyi AWM AR cOREr orPEY stiein SHOTHETt et 0t Tt ype. An

25 i npoptAPherASPECt Qfnd heF@aeégnt 1d0WVeRkkON preFdriadflyt,herpat  not

energy extracted from products being frozen in the freeze unit 52 is
utilizednpgesaeribaw uareisally pyieREpApRE, sShewe in FIG. 4.
15 An exemplary preferred distance between plates 1is

approximately 3 inches, although this specification can be
adjusted depending upon the products to be processed and
other factors such as operating temperatures and cycle times.
The employment of channels is a significant aspect of the
20 present invention because it greatly increases the efficiency
of the units. By way of example, a unit with approximately
an 8,000 ton capacity can be assembled from a plurality oif
plates 100 forming one hundred channels 102, where each of
the plates is oriented as shown in FIG. 4 and is
25 approximately 2’ X 120’ in size.
Referring to FIG. 5, a preferred plate 100 is shown in
cross-section. The plate 100 defines a laborynthine conduit
104 for a heat conducting medium such as liguid or vapor.
The preferred conduit 104 is formed as shown in FIG. 5 and
30 beginsfat “A” and ends atf “B".
FIG. 6 is a cross-sectional view of a harvest guide rail
110 for the closed-cycle, channeled processing system 50.
The harvest guide rail 110 includes a groove 112 and is

secured to the units by any conventional securing mechanism.

W
n

Figs. 7-$ show the harvest mechanism 60 in greater

detail from top, side and front views, respectively. The



refrigerant flow control system 500 advant ageously operates as a

cl osed cygdgs/S¥s €em An exenpl ary overfeed-type system 30PCT‘:78%9 2 rises
a pilot feed valve 502, accumulator 504, anmoni a LW% 506,
conpressor 508, and I|qU| d float 1510 configured as shown.

An overfeed-type systemis preferably enployed for |arger volune
pl’OdUCthproeSSSiﬂ‘l’@::hanl.:,lﬁyg(ﬁn’ﬁnciﬁﬁdes opfdeiraf | anabky, méhisepsinm 1506
punps re er ant |nt eeze unit 52 at_|Ii 512, Heat ed

refri gef aneﬁrFsSt’Lﬁg 8% ‘”15@518}': Q%EOOVE PR che )

PCT/ US98/ 09438 FrIG. 9, the shape of the ddsd 64 firLezpomiiidad2 at

i ne 51é,ggd enters the_accunul ator 504. oW pressure vapor at line 516
i s provPdEEerEPEnErOBmYREssG- the S99 &4 dSésﬂis 195 FHiSgh pr 888ure vdpor at

| ing 518ayhied, ﬂéhallyilﬂﬂprediﬁtEﬁpV|@Ed t@gde szhavhini thd4 narviig
conveyance of .5 thermal ener which occurs_ during the thaw ng
process™Mechapdafefls tife FERHT es%ﬁ?eanﬁ‘Sfjléil?éuFé’t |Sn’g}‘1t mUgFY IR t haw
unit S4pkeaachi ggogggggﬂgeabbqglcthghgh exits the thaw unit 54 at line
520. The val ve 502 is opérafive when the liquid | evel within the float
510 get too HAgE.- Fcilerdwreq;ee%hmy 16-1ysteate30toB40 fhemtgh Wftch
filtratgiapd $041 ds 4o tslag 1 oMeys  Senper@tiyie %oé‘g@rﬁsq.'éounigrSQZhe
respectively. i ndi vi dual conponents of t he

ovéPf eearygst mecmrlrllsgersai)nt THeowWlrioentavsitems yiile iurB0iora €0 move
convent al SR d € $OBL LI y apke_p r gxanmpl e,

a RvBI | l-t?lg ha, f%rzé rtotmzfry scréen\?v 6(:(?)rrpres&o€'llllJa lg%%%%u?%dabsl%% c"f<ltq’l §:VI si on
of Yor kdpgt eFhaeksealdiogr portd i ehEOfurYJdIr kas Peinesyl viami &1Gcan.2.

S} 0YChr3%ca MUAAD! 9260 TUERIYe S8 ari ENHOLAP IS gear (2 %@
such as reciprocating or a n|a sorp on, can aFfso be énp

By way bel&noidér axaies] tan m@n@rawznzobypitlhet vatve 302 andna fdaoat

%Sarem%\é R eI E FILh! B % FRcra ?LFS lll I nm”@(}rﬁdr of®system

Sors,

GStrat es” a second preferred re eran
600 of tthe fHeeaieds tlipe imd]cthenaeny a:emnectAed:ham oy dod reazsiddays uni t

wtht an | s he ode t 2 fri nt .fl ow con stem
600 covn\%’ sé%“e(at waﬁ?g St a{‘t ity %’3% §80 %ggﬁeeff?rvea%tcu&?ﬁr‘fat% 606,
bal anci rsa@cu:c@aﬁe:nsefhe cha#08,and sﬂh@te]@nmomlm s iR, ch&@xh@DOi d
val ve %]10 2 df regul t or \é gﬁﬁ confl ure as, shown. ;

f1 oodedFY5&ES ©F £y '8 ﬁ?e? t ably I"Sy@é' I ISPTRRL ‘f)ﬁioduct
30 20pr odfess ngars);eﬂ-ttﬁrma]e prpdresas: 4 hatd 20ar30od O:ﬁtSdlfled as necessary

Oper ati qnal | | iquid is provided at Iine 620 to cool the conpressor
604, THS Bk Pé’g”} uam EREIZ GHE TR ns ¢ he fluid level in the

accunul ator 06 whicls apefwi@Siorddl block diagram of the closed-

cycle, channeled processing system 50 and a first preferred

refrigerant flow control system 500 of the overfeed type. An

25 important aspect of the present invention is that thermal

energy extracted from products being frozen in the freeze

unit 52 is utilized by the thaw unit 54. Furthermore, the

refrigerant flow ccntrol system 500 advantageously operates

as a closed cycle system. An exemplary overfeed-type system

30 500 coﬁprises a pilot feed wvalve 502, accumulator 504,

ammonia pump 506, compressor 508, and liquid £float 510

configured as shown. An overfeed-type system is

preferably employed £for larger volume product processing
systems.

35 Operationally, the pump 506 pumps refrigerant into the

freeze unit 52 at line 512. Heated refrigerant exits the



approxi mately one quarter full. The conpressor 604 holds the 35
accumul aéro8ggstat approxi mately 15 psig, and hi gh pressurBCT/USS8/0948apor at

approximately 100 psig is provided to Ehe thaw units WO 98/ 51980
PCT/ US98/ 09433 14 via line 624. High
pressure liquid exits the thaw units at_ line 626. It should be

not ed t HiteeZonVeAti GRalat sybrenBld andt BREEAS e RFFEM JHCHr a84ur e
vapor ofy &@Oppéégu% TLex at RIS, 5B swnﬁwﬁﬂ@d agyaphagecabrldiady esent

systemis its greater efficiency. The bal anci ng. condenser 608
is | oade‘éIO%luahdg ephic porsi drigh PIFASIYRE cYIR®E BYcldedtthi KB1sPt et he

frozen pgodyct ishﬁyfovw edeen tmyvedhéwd WBRe ngy wher?rﬂehec@ﬁoéyghéel bt he

freeze unit een conpletely frozen (i.e., to ~acconmodate
a 19 frleevedlhaenergyl ewhalsdr e ocChE's t HawERg ﬁh@ceé’r@awl@g c BHHca s

before geging; pr I 1 Lheughuah®he tnh
fl ooded- %@%‘ée]fﬁ% r%iaergntg fg’%\%scstk)l%t rg){ggg?}s?g%cgost?‘flrust raugIh © I n a&l’ G 16

i s desi gwmﬂtt Gda(m:ormotiagla puelssarer dezpyithasich extifes efhet rtiéMaWSygtJém;
parti cul c nf i cQ dat r npay
efficien euE[P%gp ?\? VTR §Oreeze aﬁ%g%%}g\?vgc?%%es %’%ffer are aI SO
cont enpl a.éedl Wlthln th@c tﬁlroatthsiw oczen poodotgl. | nFiGe U.Isawhm tshdwave
been t ha atl n va i_S cl.ose | soI

fredde uﬁr??s:‘l\gg%tﬁ j‘[ l6‘%15"6 fﬁ%%btabgas‘—‘%s%é)&elg from t]how
freeze déinbérathﬁ:@ug:bndbh%ersO.Ir‘&IﬂOISG vakpect6tdly. The

overfeed-type refrigeran w contr ol st em 500 FI G al so

i ncl udes a balf&fce éé%?}}é’r?é%‘}a rbﬁé: r?gfto ﬁ:&-\ﬁ"l Overﬁ%e?h%y??gure
Anot her i-gpek baRbnaspegbwof cbhermes@y&témvesm oares aﬁnvéhaioname and
refrigerant control system provides _ a neans roduql

thermal EREPEY SENCEMIE Fitdd2e MYt 'SHEPFTHS endro” exad‘fpjtehe %y%‘f‘%lr n
ordgk t 0,v8r Pdrhe-J Nslds, Boddieedd@®@zfanufactured by Frick, a division

of York International Corporation of York, Pennsylvania, can
be employed as a suitable compressor 508. Other types of
compressors, such as reciprocating or ammonia absorption, can
also be employed. By way of another example, an exemplary

20 pilot valve 502 and a float 510 are available from H. A.
Philips of Chicago, Illinois.

FIG. 16 illustrates a second preferred refrigerant flow
control system 600 of the flocded type functionally connected
to a freeze/thaw unit with two channels. The flooded-type

25 refrigerant flow control system 600 cocmprises a liguid float
602, compressor 604, accumulator 606, Dbalancing condenser
608, isolations wvalves 610, 612, solenoid wvalve 614, and
regulator wvalve 616 configured as shown. A flooded-type
system is preferably employed for smaller volume product
30 proceséing systems, e.g., less than 20-30 tons.

Operationally, liquid is provided at line 620 to cool
the compressor 604. The float 602 at line €22 maintains the
£1uid level in the accumulator 606 which operates at
approkimately one gquarter full. The compressor 604 holds the

35 accumulator 606 at approximately 15 psig, and high pressure

vapor at approximately 100 psig is provided to the thaw units



channel s so that the frozen products are | oosened fromthe wal I's and
can be reaslydsjodvanced fromthe freeze unit to the 30 thawy. dtjléy In the
refrigerant control system 600 of FIG 16, t he af orenen one(f nmeans
conprises the regul ator valve 616 14 which is adjusted as needed

dependi ng upon the duration of the cycle, the nature of the products,
etc. via linét eshoul diiagldli presshty bhequbd edxtbat thet itéramlumit}:rhoat35

flowis prefe bly inpl enent V\Athreardtothemrclat
refri geramte t %&ugh nﬁ ?E% d Uk . nstea” thac WB8EF51d a1’ SVStems

PCT/ US9O&/a943311y require high pressure vapov ofl5160 p51g oxrTheog®nponent s

of the fl ooded-type refrlgera 1 ow control stem 600 are
convent i OWH - aftd S onARYR_TGRFS ©of 5‘5%/ EpgYesem g its
exanpl e,gren fiABld £ 222 e Oy AT Y scr ew conpr essor manuf actured by
Frick, a di VI sion_ of or k | nt er nat i onal C% gor ation of York,
Pennsyl vani a, The Zhelacing 6%13695;6’” 888 15 $ppes uré%ﬂpFE%sBPrtGQZP

O her tapeébeofclosedcml%sw an_Lli'ﬁj"' P LG HY O£BbI Y BFo@ABPHI Bave
absorption, can al so be_enp By way of another exanple, an

exenpl ar§een thpyad @@rziu%n%fsal %@e Fhérrm&éélﬁﬁSTééher}%gﬁ’é%ezqtneml&f 10

Chi cago, pdd | n@e%n complefb s, 1%d3ed 9raphe 700 of a Lyddfniadde 5
cl osed-cycl e, anne?ed proce55| ng system showing a plot 702 of

t helO é%\étlrx@ww?wél%t whenst the rehavges arRrwgesh n ishecpimpilesed  of
the freeg O);aan% tife &x@e%é%m ebcLhe '@r%@&gagteasfssurm ul\@ﬁ hip et he

channel s w unit a reglon s where the
bal ance Eb@@‘éﬁ@etyﬁ@Sr@ﬂfrliB@ra% ifslow comrgpstloyeyistemt aRe tlﬂéulseerat@ﬁ

rejection, af t - re n%éag@é"eg

shows a i(f':]rrlosEtslecgsectEl ona? Sl d’elg{/r}eéi\?v og C‘—% OthE\aw UHIC? 54 glrr%elza/%hg%lgl G
4, but addtieonathexshsystemsi pelrthgularly m%urmnzeqolmalalcxcprrmbdate

pr ot L usi 2 hanjical | Wwo_.en ates 724 of t he
tha%véunl {?gé}lgg ']JTE% a%vﬁ%nlct%m%gggk%g‘a tefofnlaclq'letnrzl tsf oc?fregh esé’eC% “Nani sm
for introddeezagandt ehaw cycﬂ.asoduﬁéerhamc@hmed:csnts&mgnlma wat er inlet

val ve 726. spe th| Lgonstr {i is that the thaw uni t
54 is g)ggltSﬁedeeD %F%%g dsufcr Szen' p?%%u%?lgwfro% ﬁogfwﬁg, fie to
t hei r buogawey,i nchat ersolamm thelsarfeame 06 tdieossad roundlmlate dHequi d
wher e th?ﬁ/ woul d tr%an ess er];f' Ci entl t_'OF éégernﬁ g i_mum_heat
conduct i BASWEFI UASt Soe T ¥AI The P TR EeE gondtct Fﬁ&aﬁgﬁl s
pregent beeweémekhe | tmude WahIrSugfl tbhe sol¢hain chagined s 6a1md. t he Th®zen
products ther ein.

after th frozen p ve
advanced®VAtS Fﬂet'tyﬁﬁwre r1 %{?Yﬁatn%zlflcf"ﬁec%rt F i YR e‘@a#@@ ? nﬁsfeoyed
to introdiaee ancludeiffi bee@ahcguartindeysefr waltdiought codeis h&Wth'lﬂli’tlS’tﬁ’uS to

in the figure.
Another important aspect of the present invention is
25 that the refrigerant control system provides a means for
introducing thermal energy into the freeze units near the end
of the cycle in orxder to warm the inside of the freeze
channels so that the frozen products are loosened from the
walls and can be readily advanced from the freeze unit to the
30 thaw uﬂit. In the refrigerant control system 600 of FIG. 16,
the aforementioned means comprises the regulator wvalve 616
which is adjusted as needed depending upon the duration of
the cycle, the nature of the products, etc.
It should additionally be noted that a thermal siphon
35 flow is preferably implemented with regard to the circulation

of refrigerant through the freeze unit.



35 conpletely submerge the frozen products under the water. The
protrusi oW® 9B5P84re sized and positioned al ong the cinch b&CT/US98/09433 WO

98/ 51980 15 PCT/ US98/ 09433

16 720 such that the protrusions 722 descend into the thaw

channel s. The.af orenenti oned suffici ent__quant.i of water esults in a
top surface o?lntehe SRR ST h 9% ftlﬁé’aed'tt%BFt oﬁe%f’l?ﬁéaﬁﬁot Eggf"ons

722.  Pr efomrtallly ,sytdiemp| @8 @Sanée t bonivént ibeal hans usbhpbisar ecassetbkhedysuch

that the jnt.roduced water _can flow from on w_Gghannel to another to
ensure t At e PE3FSsur f ab B of STHEP terai%"%#aldr?iagor P8t ght Scxrew

t hr oughoworidi@ssoxr t hawhuRbttbded by Frildle, nuagbediefiscionch bar sydz@
enpl qyed and thei.r 138?(3 respecti v),re%‘_g)osi_t:i ons _along the thaw unit 54 vary
deperdi nd PEeIRRIGP e FHPTFEHE t A uhPTX54 BRAFHEYREYR: and2Bhaps of

the prot rdsgpleRfed 22s The guReAbhar ScérkBrasyodl sodbe enpeopad typeld bEsure
proper alignnment of the thaw unit channels. I t shoul d al so be

under st oSPTEFRSTALS - 181G 2 FRFLPRECRhkRY oP* 18MMeriR | #)SarPbpoBor €R&N of

the thawiid 84. employed. FI By Ly | bishhatasran@ldianatiyegahpdipent of
a _ channel ed uni't according to the present invention which
addi ti ondl49aY nél0ddessa ayablalkphe erfivgim 7Hengre aTs@knrpirgies, | ddwei ngf

nechani syiago | Pl sing particular products, 20 e.g., certain foods,
it is desi rlablgeofor t%ggifnner surface of t he channels to be made of a
mat eri al such BEG st aVnlisss sgeriph 700 of & iqwmicuret thepwevesed-clyelepl at es

are rmreché}[r@é:t'&al £ trél_gse[gie ’frqbrﬂ g f%r q_ of.7 | u 'fnu
e, tlhée ﬂ:}’oces Jl'rg%(ll tenpe“rlatureo‘@hna?ngesn?ngtsong?i ma@s Ia@rhgee

Fur t her nor cyc
surface XZcrgamnghaeapespisriec aff thanmelisigekentt wiithfircuthet plsitmd vy

tach : . ot : : : ' . .Y
opt | mim CHer Tt SERGRSt Uty Bt voar ¥he! of apbotrt” HGkEREing) prBULNA M N0
Thi sl r obberhimythe resoheéd by dahsl dfiavwg unit Fhe amtuanregioci M6 of
mechani sm,742 to lpuI

| ca_vacuum het-ween 30 __the pl at and the_ lingr 740,
thereby conduéti&l y E5as iﬁﬁe T 6e®o O%‘hepbﬁateé 5 The

probl em ofdmphbfd@ritng take cabbfibeatt oOf richecribnexphtnst orthes rfasodared by

enpl oyin seals 744 whi.ch, for exanple, may be nade of neoprene. In
FI G 19,gﬁfﬂ%dﬁl?%%rir%@h%?’%dshom spaced fromthe plates 100, 35 for

clarity, butrFithey s wehbwls actdwaddsy-sdrridnel | aidevaivéew of engagedredit .
Vm)9§6519§9it 54 similar to FIG. 4, but additionggxeug%%agggs%inch bar
720 and a plurality of protrusions 722 mechanically coupled

to the two end plates 724 of the thaw unit 54. The thaw unit
additionally is formed with a mechanism for introducing water

into the thaw channels such as a water inlet valve 726. One

25 aspect of this construction is that the thaw unit 54 is
designed to prevent the frozen products from floating, due to

their buoyancy in water, above the surface of the surrounding

liquid where they would thaw less efficiently. Furthermore,

optimum heat conduction will not be realized unless a heat

30 conducting medium 1s present between the inside walls of the
thaw channels and the £frozen products.therein. Accordingly,

after the frozen products have been advanced into the thaw

unit 54, the water inlet valve 726 is employed tc introduce a
sufficient quantity of water into the thaw channels to

35 completely submerge the frozen products under the water. The*

protrusions 722 are sized and positioned along the cinch bar



17 Referring to FIG 20, another aspect of the present system
is the | owgd®meegpat ure condenser unit 56 which, it has 8/§Qs§frved
further processes products to typically yield 50- 90% gry pro

with the refrigerant flow control 5 3Ifystens described above, the |ow
t enperature condenser unit 56 advant ageously operates as a closed cycle
system 720hesuch tM=f ethed pﬁwcramneﬁat uree cardeesdr Lntd Sthél |tisdw at ed

in FIG 20, conprises, orta . .a _heating channel -
condenseF 98B :fbodi B8 P %et'% S ré%£ ﬁ§ér°é93po Y- LFD, of | ¥atER a
har vest reaﬁ1t§54nsaart&9b enr&aaertwutﬁé WEWIT whash is HbeousSak

bel ow reater _detail he | ow néora ture condenser. unit 56

addi t i onﬁPFgo‘Eoﬁﬁr Fb&s Pét"O(FﬁélrsﬁO@rsr \7@2systpé B, wigghinyent

760, svacgHe pHER ¥B2¢ lsavelreSenaimbled &Rfbh Al trRl veitiBu il Upegat €
768 with inte rated filter 15 770, and punp 772. Oper ational ly,

sludge F80 FASHr £&@PM iGfte thawe CheRRehgto anothahnbP- €BANERs &ha7Ithe r om
the thaWth' bud4aRe YOWhe whter in VRCUMTrbEmdHR h“‘n thRGHYRC hanber

774 with the vacuum punp 762. Significantly, t | ow t erfperat ure
condensekElani tlnSB f5§ 20 not a vacuum cool i ng system t he af orenenti oned
vacuumi s rggﬂgﬁ t Rg-B0i bbRY LeRReLARUr to
approxi mat el y 35 4 err gh pressurerrefrrbgerantli’gﬁ'aggFi %X%Gvﬂg{r

pr o&pdedrﬁepegenveh@mm@r ageaportdteor tEa@ whiich,54 nvary depending
provi des,, Low, . pr % r e o /7 t 2 CQ esso 758.
Hi gh pres llire v%pgsflszlgt ﬁ’lr?ngi;hg??S(ShrgtsV grﬂol\r% Fha &tl Pﬁgehggtd n ot
channel - cbﬂdpmserruﬁﬁ(@nsvwwa vaper dirmos Hmn?zo ma}healrmatbmgemployed

channel ser. 730 to th L nde ser ~evapor 752 where it
condensegg S{‘ 15 eEESPSE the Bottom of the éﬁgwccl)lr? NS Nabor at 0#752
The Ievelshseﬁsloral'eaﬂ bes mmsedo:BOthdepemGL ngy8upod tBowodr yr Hehesgk e dbift
neeq tocti For %xa he I veI can be adjusted to

ortlon un, gsga
act Gate tRH&T &Fé’r ?§6 fﬁ ondenser - evapor ator 752
after the det eEtItGed 19 1\Brah1@rtriae:\eesl e@rreipenﬂatﬁoeBO%ﬂd@dupéﬂducbr a

Al ternati eln¥‘, %d timer g’tl shown | FIG 20?E can, be enpl oyed to, end a

cycl e. h&Fést 25 1n‘?‘68 to et hBTePFP st FAY R T ehbodihEht |
inCIudeSa@@ikﬁbﬁgﬂahiY1EQQmEésflhtEIlﬂgﬁ whidyidor 7@oanphe, a vacuum
inducing mechanism 742. In processing particular products,

20 e.g., certain foods, it 1s desirable for the inner surface of

the channels to be made of a material such as stainless steel
or titanium. However, +the plates are more practically
extruded from or formed of aluminum. Furthermore, the
cyclical temperature changes and sometimes large surface
25 areas characteristic of channels make it difficult to simply
attach an inner liner to the channels while simultaneously
maintaining optimum thermal conductivity between the plates
and the liner 740. This problem may be resolved by employing
the wvacuum inducing mechanism 742 to pull a vacuum between
30 the pletes and the liner 740, thereby conductively coupling
the 1liner 740 to the plates. The problem of differing
coefficients of thermal expansion is resolved by employing
seals 744 which, for example, may be made of neoprene. In
FIG. 19, the liners 740 are shown spaced from the plates 100,
35 for clarity, but they would actually be in intimate

engagement.
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18 iWO@8/5198e nmenbrane type. As may be readily apprecpatrasss/idass
selection of a filter 770 depends | ar y upon the nature of t he
products bei ng processed. The punp 2 is enployed to remove the
filtrate. 5 Most of the conponents of the | ow tenperature condenser

unit 56 are CRRFeFriBEaltand KonpPPse iR i &ASPpCivaPFantae Presants.

For exanp/&emtig EHQDELS%S%mZé&awr@ coppRhekal it 56 awdidmblie 8Qg
hor sepower conpressor and the vacuum 762 is a conmer ci aIIy avai |l abl' e

5 horsepere? obaeyusRd, [UGIQeHBREPTLSATF RRREPTFINCPs tyRa cRAdVestidst 754
whi ch, agy begs 'dﬂwS%{:é&SQt. Agn WG %fke 1% A GHAr EYoghangdt and -

p05|t|oned relative inner walls of thé heating
chanpel @m@l@rnseude%@@r.ibedvmleove, specifawareyperatiere h§@&é§nseb‘arunﬂt54

i ncl udes. - a r S n ext o] 9] sho
FIG 21 %/\%i & %Ettaﬁéé;r{ﬁs'rll%aﬁ??y%%%r %sesét‘r?::a!L gn%%&cgnd%%ﬁ?ty be vveen
t he prefedged andw heesperegndiengcdretarnigay chabhhelScondénseraisl buyn

forcing Lhe sl yocc LanerdeLhe heal ! ngcharhel 1fONENSRJS0;  chooncihe

ext.ended portlon 790"7s parflcu arly use ermal
conductwomgienswardsnhembmdaredpmn idre s, mcdrimrim—ia@pﬂmmef -T®hdenser

750, e in.driv ysLg m 756 0 erate ve the harvest
bar* %54 ¥prarfy }W hbr?‘t hg %eaf ﬁﬁeghanrgel cgﬁﬁ}éﬁgg afgomanner; 39
predet er gi sedssganepelowt is epsenidnl deftauu he han¥eslow teserabdrdit

preci sel ut wwth freedom nove p and dawn, 25 wthin the heating
channel - gBﬁ%@ﬂ?@F PBA LS 65 tl’ﬁ”ﬁ Y FPmprises a crﬁéﬁbr‘?’ﬁlﬁ‘@et%)’ﬁ?ﬁ" 20,

t he af or epent icengeepedetargn ne@h 760, rraaaenmobudpi Vigeg tiherdiaryessobar
754 facilitat es escape of he water va I nt.o the vacuum ghanber 774

t hrough &R%: dragp: Védyie 7c§rﬁ:twl?ar7‘?ft 934 e %t"f’v@} ysnt %9%53%‘? tape
valye 3670,(8n@ pulbnerzcontrolled) or the |ike can be provi ded or t he

Operationally, sludge is inserted into the heating
channel-condenser 750 from the thaw unit 54 as shown. A
vacuum is drawn in a vacuum chamber 774 with the vacuum pump
762. Significantly, the low temperature condenser unit 56 is

20 not a wvacuum cooling system; the aforementioned vacuum is
only pulled to reduce the boiling temperature of water to
approximately 35-40°F. High pressure refrigerant at line 776
is provided to cool the condenser-evaporator 752 which, in
turn, provides low pressure vapor at line 778 to the

25 compressor 758. High pressure vapor at line 780 is provided
to the heating channel-condenser 750. Water vapor flows from
the heating channel-condenser 750 to the condenser-evaporator
752 where it is condensed and collects at the bottom of the
condenser-evaporator 752. The level sensor 764 1s adjusted

30 depending upon how dry the product needs to be. For example,
the level sensor can be adjusted to actuate the drain valve
766 to drain the condenser-evaporatcr 752 after the detected
water level corresponds to B80% dry product. Alternatively, a
timer (not shown in FIG. 20) can be employed to end a cycle.

35 The harvest gate 768, in the illustrated embodiment,

includes an integrally formed filter 770 which, for example,



harvest bar 754 can be fornmed with such a val ve. Thus, a key

advant agav@bs/s1ese | ow t enper at ure condenser unit 56 i Spdf/Bsdiigaitsy
efficient, closed cycle operation whi H utilizes the energy exchange
bet ween the heating channel - 35 condehser 750 and the

condenser-evaporator 752 while si mul t aneousl y enpl oying the
af or ededér iHedthe haepbsane type. Afp gy a®gpeadily "appreciated, the

PCT/ US9Q/OU3I3 on of filter 770 depends largel%gupon éﬁglﬁﬁfﬂfgg
channel - condenser rel atl onship to enhance thermal conductivity Bet ween

the prodidct sPHedwgt pr dvdsseddre@essrd.  Theeapimy ZhanAsl -erumdesrer t250.

Ref eren {@Jﬁg % . U. S Patent No. 5,029,453, 5 granted July 9,
1991, (}fei tl edg%mnne ock |ce System J. Sterling Scherer,

inveént or; andiasfi sopritbe pampenents wifi cthe lowonempératwerer esedensavent ors
was the jnyentor, . Ls p y r inLo resent
specifica |onn§é) ark Jl)%veﬁq%&mn“f‘urcfh%r%ﬁ %)h%{)lgrpﬁﬁgg gvﬁtlgagﬁ t he

present pafrs. nveror oremmplvaar ytlse gricpcarssby 1158 8. a Eommexarmﬂey the
freezin um y,he .conparable in size to thgse.discl osed

pri-or pa lasble ?ﬁ lb?’fri'g) Do"‘fers&()?‘%ﬁsﬁ\?ﬁeang %6‘8 VaCHYR &2 de’e‘Ti) 3nd 36
feet | On:g)mmeﬂ'ﬁ/ﬂlby avatlleﬂal@nﬁer‘rhba‘seﬂower thaduumich | anger ngakb3 ecoul d
be built | ace. . gse | %5 ggl tiﬁﬁ'@%ﬁ have freezi, Qg and t haw ng
sect ong ’%Ca Wféﬁt dtir t'ad witfe RYRE 161F8straten
(high) wirt bFdd. to1, is ﬁe.r&hlaﬂmeirﬂiy bakpgdf ang pbsuhesﬂeaniéabtabeor&& an
8, 000 tgéh .__or 6, (1 0 ho segovmg syst em woul cip r oduced £I’OVI di ng

bi osol i d*€ t 1RBEHeMalls £F | FRreleat s GRfIMGr&aoPERESEY f°00  Yow®so, 000
persons gfedffcally, the FhEaurese?2 bara sehemahttugbeow B9 eknarvany, | arge
"Bui | d- _in-Place" installation. i ncludes four freeze/thaw Systens

802, 80ER°sHukORRRY mendﬂﬁiesﬁog%%ng%y%féPO&%anﬁeFlﬁe 21 whicH
approxi neteh v 100 f et ih@nGvelO oot chieghaand-cknf@atl iWydene 2R faghuni t

may for _exanple _ be Ilongitudinally divided into channel s by pl ates
such as §}E§$@ag§§_g@gasﬁgwﬁopﬁdéygt ating channel-condenser 750 by

forcing the sludge toward the heating channel-condenser 750.
The extended portion 790 1is particularly wuseful in
optimizing thermal conductivity toward the upper portion of

20 the heating channel-condenser 750.

The chain drive system 756 operates to drive the harvest
bar 754 up and down within the heating channel-condensexr 750
in a predetermined manner. It is essential that the harvest
bar 754 fit precisely, but with freedom to move up and down,

25 within the heating channel-condenser 750 as shown in FIG. 21.

Referring to FIG. 20, the aforementioned predetermined
manner of driving the harvest bar 754 facilitates escape of
the water wvapor into the vacuum chamber 774 through an
optional conduit 792. Alternatively, a vapor escape valve

30 (e.g.,ftimer controlled) or the like can be provided or the
harvest bar 754.can be formed with such a valve.

Thus, a key advantage of the low temperature condenser
unit 56 is its highly efficient, closed cycle operation which
utilizes the energy exchange between the heating channel-

35 condenser 750 and the condenser-evaporator 752 while

simultaneously employing the aforedescribed harvest



804, and these plates preferably include channels for refrigerant as

di scussedvines/savsmbove. Preferably, between 10 pagugéboohar
exanple 14 plates 30 810 nay be enphﬁyed in each system The
refrigerating equi prent 812, 814, 816 and 818 may be | ocat ed
substantjally as indicated to provide driveway access to each of the

syst ens. Par ThgabbngachpranedqGrpmenter sgdRrtaonship sgr sabamqe dirergnal

concent r abh8Gcandi devat oF 08 EHHPMBRbauaRd 351 hekceRakakl 0nak agqu pnent
described in this specification may be enpl oyed on a scal ed up basis
for the PaFlBgsebapnef-condenser 7{f.98/ 51980

PCT/ US98/ 09438cference is. again made to U.S. Pfent NBE.OW &Z2.453A
systemof this size is estinated to have a capacity of about 8, 000

tonsS agdantpéwdilyeqli r @RBAL epftitled gHmnnes! ®or sepomstem, J.

| nci dent g+ Wt rd t oduct:s erj D ich .can be
handl ed §§L¥%éﬂ%rgﬁgﬁgﬁagpa$%§€§?8 foggﬁyfﬁﬂghgggléfS#%%%%f’ggkhn.%&? I

whi ch capnbe 4f oxére npyebenpr otwsseitbly was the pmesenbr,systensereby
Speci ficall roducts _or. materi al ich _pay_be. processed include
j ui ces, ?PS¥F§?98§8§,5 gFfereg%epgﬂﬁfrﬁéesggF%S - %B%c%gﬁaégéaP'food,

by- product s, hbitosd ifilsrtHdr neseduahstandeslamigpesmbnem ofdudis i gtepencesses
such_as ﬁulg 1 and Qaﬁer,. cer.amc br.eweri es, gr refining

oper8ti oARYSREIONAREY, VRRY SrElent CEYStEms Thre 2ppl i £361 E¥ETRAF pFbBuct s
whi ch cafirbeztihgzemidormexampl eorfiradiler age Siz@r 06eIIIME disclosed |t
is noted,in passing that certain specific dinensions, _15 pressures_or

ot her spéci fTeei k- tpﬁﬁepgwﬁﬁ%ntﬁgléﬁ' t 8t SiX yEPRbudiisi®ef er r 20

embodi menhghek tdwep NuAAt i3 fe&Or 19pECI f i Bowever, eXxanpleScosOdBpsREchf i C
di mensi ons, vacuum_pressure, or line dianeters are given in FIGS. 1, 5
and 16 oftPefre "Wehwilfygemmpits cotld \Bg iBuslt pot macsn These larger

spegisf i Calli@R may! haveS ft8ezbB52QinaindpastAgd sddtdbnst hesen digreagkens,
vacuum %LSESL”gﬁtrtéégefeet wide and 10 feet deep (high) with 14 to
30 channels. Using four of these installations, an 8,000 ton
or 6,000 horsepower system would Dbe produced providing
biosolids treatment facilities for municipalities of

20 1,000,000 persons or wore.

Figure 22 is a schematic showing of a very large “Build-
in-Place” installation. It includes four freeze/thaw systems
802, 802, 806 and 808. These systems may, for example, be
approximately 100 feet long, 10 feet high and 14 feet wide.

25 Each unit may for example be longitudinally divided into
channels by plates such as the plates 810 shown in system
804, and these plates preferably include channels for
refrigerant as discussed hereinabove.

Preferably, between 10 and 20, for example 14 plates

30 810 may be employed in each system. .

The refrigerating equipment 812, 814, 816 and 818 may be
located substantially as indicated to provide driveway access
to each of the systems. The collateral equipment, such as
output filtering, concentrating and dewatering eguipment, and

35 other operational equipment described in this specification

may be employed on a scaled up basis for the four systems of



di aneters, and specific systemconfigurations are nerely Il lustrative

or represgybgtioye of preferred enbodi mnents or of aCt#@f/U(sj&Fb@Eﬁ“ ng
systens, and that different dinensions, pressures an
refrigeration systens may be enpl oyed?fo 25 i npl ement the present

i nvention, wthout departing fromthe spirit and scope of the

i nvent i df.gure 22. hn syomtdmuspén,thits i site® he walersttool thathatve a
foregoin ... detailed describti nd cc yi raw ngs
il ust ra(?aepaCltyt ﬁfp?ﬁﬁ%?pé@dﬁ I(g%ggi‘ nvéelj;ln [ %n.l%w%gwev% fh%%e oust

_ various
changes al3fut adh o owdrdtsapowers. may be enpl oyed wit hout departing fromthe

spirit and scope. of the inventjon. _Thus, way._of ~exanpl ..and not
of linmitati on?g?i’g?rét?:g%¥Er’rﬁﬁébegetgﬁgtla 'tscﬁ)ebcgrfeea%]f%égh&s ng%éz?f”lgg‘r‘rﬁgsei t her
be i®hcoryoeiet edahntte tiendiogs, bor timey fresent amepartatsl yoroadled anyt he
harvest bar.or_arm and acti.vated or 35 wered into.the freezin nd/ or

| d
t hawi ng BHaAHeF sOF Batieert Which 839 R§ ?%’FSE §EYp S OBFBS?F\?egt chI ean

the appatl Uprdsint syst¥Ws98/5KMrifically, products or materials
PCT/ US98/ 09433 . . .21 freeze-thaw units such as
that of AL 1MephPhaPFOSESEEMh DG my beeact EFaEES t FI93weleRle ful |

I ength ofolDthy! heebtesde asst iFoBdandathecblawbhgpeeaticen,t ®ikieuijde,t he
cl ean- in-place. spray cleaning action, Al ternative refrigeration_systens
and* onpbRetteal fefBEf SARPISE SHATDYERFATTSH SN RIFCIFRAKS de'deRi BEdpulp

Accor di nghy. b4SePT €SEBEahIWENt hARyESi 0! |di badt ik righe HRaGiHi d or ms

shown in the drawi ngs and described in detail_hereinabove.

CLAI M5 Again, the present systems are applicable to any products
which can be frozen, for example, for stcrage or processing.

It is noted in passing that certain specific dimensions,

15 pressures or other specific information is given relative to
various preferred embodiments of the invention. For specific
examples, some specific dimensions, vacuum pressure, or line
diameters are given in FIGS. 1, 5 and 16 of the drawings, and
at various points in the specification. It 1is to Dbe

20 understood that these dimensions, vacuum pressures, 1line
diameters, and specific system configurations are merely
illustrative or representative of preferred embodiments or of
actual operating systems, and that different dimensions,
pressures and refrigeration systems may be employed to

25 implement the present invention, without departing from the
spirit and scope of the invention.

In conclusion, it is to be understood that the foregoing
detailed description and the accompanying drawings illustrate
the principles of the invention. However, various changes

30 and modifications may be employed without departing from the
spirit and scope of the invention. Thus, by way of example
and not of limitation, it is contemplated that the cleaning
nozzles may either be incorporated into the dogs, or may be
separately mounted on the harvest bar or arm and activated cr

35 lowered into the freezing and/or thawing channels, between

freezing cycles or periodically, to clean the apparatus. For



1. An efficient channel block frozen material processing system for

freezi ngwarvd/st9sawi ng materi al s conpri si ng: a fi rrstrasseehsmn
conprising a first elongated channel 21 and a refrigeration system
for freezing material in said first section into one or nore

et ongat 64 Al AkSioy unics <BACGANSRCUORCOMRIT SING Al-GLopIaLRd ghannel
aligned wth sai &1i Pt “8ninnel “For Fecdl vi né;'sal’d Fozen blocks
and thawag magmpe activated fovablerearther £6bt 3ehgthi & yobtbckiheg t he
f1 ow of terial .bet i.d channel s;. , bl & nenbers
for advanSiTar sIra 17028R DI eke Framd Soemioe o provide EAR sTepR o
second sietiplane amgppray cleansapd aafiomer atAlresyestiom beefg igeupltadnt o
exchange eat _absorbed fromsaid first sectign i;n the co rse of

fr eleggi ngs%satlednsfrata@ﬁ aFOMRPRRVS S Eecoid Badt iSDoen, einghoyecl ISR Frozen
bl ocks aofhomd edeabribech haxecbeéingly, the toreseher riad-drmimisaid fiotst
section to said secongLﬁ R segti on. . 2. An_efficient channel b]ock
frozen materist prdcéds nGPEGIfeMm TRE SRR i Alcl Hit AAAETES 5%
second sigddOIbed Proyededl h¥kéinabgvain, | eaving a residue or sludge in
said second chanber follow ng thaw ng of frozen bl ocks. 3. An efficient
channel bl ock frozen material processing system as defined in claim?2
further including a second novabl e barrier at the output of said second
section, which may be sel ectively opened to receive the residue or sludge
fromsaid second section as frozen bl ocks are advanced fromsaid first
section to said second section of said system

-23- 4. A systemas defined in claim3 further conprising a unit for
further renoving water fromthe residue or sludge received fromsaid

t haw secti on.



5. A system for the freeze/thaw processing of materials,

conpri si 4@ 98/51980 first and second chanbers for hol di ng'c‘i%s?ﬁ/bﬁtﬁ to be
freeze/ thaw processed; i nput_.and out put arrangenents suppl yi ng
sai d materials to be freeze/2haw processed to said chanbers;

a refrigeration systemfor fully freezing materl a”ulu, ,IJ "uuuﬂﬂ”l ly in a
stati c YEAdI EPoALRAAMBRe ISf: sai d chanbers ntly

t hawi ng previously frozen materi al in the other of siid" chanber s,
usi ng heat fromthe chanmber where the material is being frozen to
t haw t he 1. amat sysakmi n fdwe other chesdrer/thand processisgi d ehanbers

bei ng o%%neat he to t her.eof to permt exapansi on of the materi al
when it "PSeFdR ’fIC(S) eF 5108 The systemof claim5 wherein said

refriger at i Orfi sys&t eahd se@tpid Seisamitey efbeethalyiiheMmatekidiEe systigm of
claim5 wherein said refri % ation system conprises a flooded system
8. A sy&fﬁ?&{ LREN REPSSFSE%i m 5 wherein arrangenents are  provided for

transferring isghd medeai alsuitigiem aperpigaints chepbekssphaying Oti*é‘:[d
chanber in the_frozen state 24-

9. A sySpéfrasidefichdt® .rrreaza/ﬁalw BFORERSPAC FBdPRGC acheapY e har vest

bar includi ng exd RSt B eBgsPemi be $2kdzeAgMRBESria1 0N ndighasgi ng
material fromsaid anbers follow ng thaw n of said materlal | 0. A

system §§1§equf?é%\°ql?ﬁ cPBRE MO TWRONEUR T8REHR Yo fr hediiade manfydosisly | Fedzries a

plural i tiareb-ighannel snepenmatl tdre $om éHQmM@ﬁée'Gsm Sﬁegth%@e@éttﬂ r
menbers extend downward into each said channel (1; A system as defl ned

in cl ai MBeET eWhezsi dthef rfafesmtabbn is being frozen, to thaw the
material in the other chamber.

2. A system as defined in Claim 28 wherein the
material i1s held in a static condition in the chamber where

freezing is taking place.

-~

3. A system as defined in Claim 28 wherein
arrangements are prcvided for transferring said materials
from one of said chambers to the other chamber in the frozen

state.

4. A system for processing products that can be
brought to a solid state by lowering the temperature of the
products, the system comprising:

a freeze unit including a plurality of freeze unit
plates defining a plurality of freezing channels adapted to
receive products that can be brought to a solid state by
loweriné the temperature of the products, each of the freeze
unit plates defining a conduit for circulating a refrigerant
therethrough, thereby transforming the products into frozen
products;

a harvest arm adapted to be repositioned along said

freezing channels; DT L L e
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system t haws mat eer\“!m!“sw&“"‘HWers to a substantial extent so that
" L

t here i sWOUIBSL2A0L | s I AR said chanbers al ong PaTIUB98/0$438Z€- t haw
processed residual. 12. A system for,processing products that can be
brought to a solid state by lowering the tenperature of the products, the
System conpri_sing: ) irst and second units, each including a
plurality of & pnlg“ral1%‘«’1aﬂ%e7t“%gﬁd'5‘f)f}éﬂn%Ba?’&fe??‘épjp?%d’&‘at§a%ﬂa?‘a gﬁsﬁe
brought d:an,a s&ldddashat edind oneapigdt e eRRecat W ofrozen produbes
products, said. units bfei ngzggldapt ed to tran%f ormth products into
frozen (Mdu@s; the Ire€iifiyy SGPanafls syhskcl ﬁ&ilﬁg BRFHRGENEAED t &S

transf orfpositioned headd 0zen products into released |iquid and residual

mat eri al ; said first and second units being in heat-exchangi ng

rel ati onshi p BoPLh&E1as YprotduSleaardrPdaeR | FPRMRgises mechandgad lynits,
product sl eIty ddayedsiveddenah her unit; and

- 25- novabl e harvest structures including protrusi ons
extending into the channels for noving said products out of units.
13. A system defiped L [ vigyeg ' i d g4 nd .gec .ounpits

i ncl ude al i g?\§ebl ch’gﬁﬁel E?seé‘?4.rrf%\125ys‘t e@rﬁ'éflso%?%r c{gé'gsd?sﬁt%g Sr%od%g%smt h%t can

be brougtersim s8bfi d Steane iy plewer | mPRaRstuagser aaxg e afiaphedpr ¢duct s,
t he sy, [ L NG+ 2 a, Lefyd i st . ding a

bl ar al § (9P YT APkEL "hia nazcnr Sk fo B A Wbl iR dapt ed 1o
receive products that can be brought to a solid state by

| owering the tenpe ur t he-pro f.the. . pl.at es
Lo esRber ByBlohleedt oWeltea il Weddites op S,

defining a conduit r rigeran t
t her eby whemnsiwr msagdt heowaoduict-plisntedp apparatudemnzemnplodact siozzles a

harvest arm adapted .t.o _be repositioned along.said . _. channel s; and
a pluralf ?fp%?gnéﬁbgl}geﬁgcﬁgniﬁbeaaﬁ% %%%p?glﬂig?oog%fdmmde sizfaces 'of

said freezing channels.

7. A system as defined in claim 4 wherein said clean-

in-place apparatuses are spray nozzles.

8. A system as defined in claim 4 wherein said dogs
are located within said freezing channels at one end thereof,
and wherein said harvest arm is repositioned for a distance
at least substantially equal to the length of said freezing

channels.

9. An efficient channel block frozen material
processing system for freezing and thawing materials
comprising:

a first section comprising a first elongated channel and
a refrigeration system for freezing material in said first
section into one or more elongated frozen blocks;

a second section comprising an elongated channel aligned
with said first channel for receiving said frozen blocks and
thawing them;

a movable barrier for selectively blocking the flow of

material between said channels;
This Sheet Has Been R
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harvest armto adv“ll,"””l”al"“ Hi,l roducts out of the channel s

when sai Wnesrsiest arm Fs ¥ eposisti ened. 15. A system as deidmgsbgjohssg! ai m 14
wherein said nenbers are | ocat ed V\éi hin said freezing channels at one
end thereof, and wherein said harvest armis repositioned for a distance
at | east substantially equal to the length of said channels. 16. A

system as defIH&PLeh ©PFEPRYE4 4% t REVYareHpS | $PAg: frozen blgaisur &remy of

cl ean- i maflda e xaRP HeAUSES HRHEM GAldohd section;CAHR! €d to said harvest
arm - 26- 17. The system for
processi ng prfdicte izt SHret rPaigis courliashiiq re¥tarecaphartt uses

are_adapieériROPeFehe Whld e S8l secPBbNeIh aMB | &-08LA9 Jﬂepf?ﬁéé&?ﬂsd
18. The system for processi, rég products of claim 16 wherein said
nc

cl ean- i F83{Cac Bagpparat us¥s FRde neeeost sespted .t otairsbaw faczémast
one 1 U yer LRSI ige SHESRCeMAn SRaGCNMDE! TranskdA By SEemas dehi ned

in claim16 wherein said clean-in-place appar at uses ‘are sray nozzfes.
20. A systigmtt srectrigey d/a e S raseessi mgaqmpen al s, conpri sing:

first and second chanbers for holding materials to be freezel/t haw
processed,; input and output arrangenents for supplying said
material s to I fraeze/affe mrdcessdnnelsai blobhnbefsozen mateaial

Condi {1 60 TR oL oAb AT et LA TS e eaiq JoERBng

previ ouslectiicoz ers retarided iwmithea drain, leahierg of sedidedasbessudayei ng
heat fr t nber re.the material .is being frozen, to thaw
qm J&%d”gé qd Ch%WP f%gﬁLéﬁﬁﬁbépanng of §r§§?& ﬁ .

t he et er rs bei ng
open at the top to permt expansion ice as it freezes and

novabl e harves][ azgﬂrrenb 3 extend%}oxlge\ﬁ{n gt‘o JS{aI £ chanbers for

di schargi ng reteri‘dts fFon S ch rozen material
processing system as defined in claim 10 further including a
second movable barrier at the output of said second section,
which may be selectively opened to receive the residue or
sludge from said second section as frozen blocks are advanced
from said first section to said second section of said

system.

12. A system as defined in claim 11 further comprising
a unit for further removing water from the residue or sludge

received from said thaw section.

13. A system for processing products that can be
brought tc a solid state by lowering the temperature of the
products, the system comprising:

a freeze unit adapted to receive products that can be
brought' to a solid state by lowering the temperature of the
products and to convey thermal energy £from the products,
thereby transforming the products into frozen products;

a thaw unit adapted to receive the frozen products from
said freeze wunit, to receive the thermal energy, and to

employ the thermal energy to transform the frozen products
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21.A system for the freeze/thaw processing of nmaterials,

conpri si M 98/51980 first and second chambers for hol di ngpCmUSsIAdIS t 0 be
freeze/t haw processed; -27 - i nput and
out put arrangenents for suppl y| ng sal d materials to be freeze/thaw
processed to sajd ch ers tIOI’]S m for. f nyr e

mat er i al*$%h 5SLEEFF n&?ﬂiﬂ‘fd(l Vc‘)'ﬁl of‘ogaﬁéi ﬁar%:é?dél E aih

concur r eiddiy iidril Reateyianis| y frozen material in the ot her of sai d
chanmbers, using heai fromthe.cha where .the mate is frozen,
to thaw the Mt atOF nSPRELELAE! © ng‘ﬁar%iﬁm"slalet?‘trﬁ%’ %“b%‘?h“g ggeﬁzﬁt t he
top to ReriM ted heyexpansy amif. material as it freezes; novable harvest bar
menbers extending into said chanbers for discharging materials from said
chanbers; and drain arrangenents for discharging free water fromsaid
chanmbers foll ow ng thaw ng.
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