TI TLE: HEAT EXCHANGE DEVI CE The present invention relates to a heat
exchange device, notably to a heat exchanger plate for a plate freezer. 5
BACKGROUND TO THE | NVENTI ON: Many foodstuffs are heated, cool ed, frozen or
otherwi se treated thermally by hol di ng then1in, or passing th 1gf}%¥
the parallel gaps between adjacent hori zaontal_ pl ates of an hort plat
heat exchanger, for exanpl-e :an-horizontal ]1ate freezer; or by holding the
foodstuff in the vertical gap between adjacent vertical heat exchanger

pl ates, for exanple of a vertical plate freezer. 1In the 15 case of a .
hori zontal platBEITLEezer HRAT: HXOHANGEf DEVACE be | oaded and unl oaded manual |y

or automatically and this formof freezer is of primary use in the
treatment of discrete individual units of the foodstuff, for exanple
containers of prapaPEESAREl in¥eRtior rekates tene Bepti @xchangee devisser

20 the foodst ufiotablys ual lay Heatdestchahget hplates ticanla Qlatkefreeteeen

adj acent plages manual |y and as a fluent mass of the foodstuff, for exanple
as a slurry,"as with a frU|t U|ce or curee or as a mass of small units of
t he foodstuff VRRACKSROUNDZNGIO I INVENTEON: as with a nmass of |oose fish or
nmeat 25 which is to forn1a frozen block For conveni ence, the invention

1L S R e Bl O MR .

notably a verti reezer, can ‘eq
hori zontal pl atereated ethermal hgr hseaho tranddem 30 Heor eRassing: ftrnsmd

flows through beesudH, C%h@lﬂ;ﬁérdliél NghPs Hdtwddh ca@fjatbet hwn%ﬁhamge
plate to supply ennve =at fromthe foodstuff._such tes:are
usual ly large, %?%%Iq%y %ﬂ.@ozﬁa % a2t§ gfrbyf?JFo p?'(? 38 4 £
metres and are mmwytééb(tprla&engree@elpl @trebflrhnﬂd)lm &hespoedstuff fin the
Decenber 1992 yertical gap between adjacent vertical heat exchanger
plates, for example of a vertical'plate freezer. 1In the
15 case of a horizontal plate freezer, .the foodstuff can be
loaded and unloaded manually or autbmatically and this form
of freezer is of primary use in the treatment of discrete
individual units of the foodstuff, for example containers of
prepared meals and the like. 1In the vertical plate freezer,
20 the foodstuff is usually loaded into the vertical chamber
between adjacent plates manually and as a fluent mass of the
foodstuff, for example as a slurry, as with a fruit juice or
puree, or as a mass of small units of the foodstuff which
are not kept discrete, as with a mass of loose fish or meat
25 which is to form a frozen block: For convenience, the
invention will be described hereinafter in terms of vertical
heat exchange plates, notably a vertical plate freezer,
although it can equally be applied to a horizontal plate
freezer or other heat exchanger. :

30
Heat exchange fluid flows through bores or conduits within
the structure of the heat exchange plate to supply heat to
or remove heat from the foodstuff. Such plates are usually
large, typically ranging from 0.5 to 2.5 metres by from 1 to
35 4 metres and are made by extruding the plate from one or
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-2- nore blocks of solid netal. Initially, such plates were made frommld
steel, but this was replaced by the use of alum nium as al um ni um extrusion
t echni ques becane accepted in the netal fabrication industry. 5 However,
despite the advantageous thermal propertigsyoof alumnium its use gives
rise to problens. Due to the ease with mhic% alum nium forns a food-sol uble
oxi de/ hydroxide on its surface when left in contact with food for prol onged
10 per{pds, care has to be taken during the use and cleaning of al um nium
freezer 'pl at esmbgewdlioclkesesof osoilhidnmetalhe rinktmlmphsuohr pliatesarvere

of "bare al un nigad Fefy aidd FO0E, CORE (t6Ee bk FEBTRCRA BT o Je IFC
contani nati on a3usdnine Bsoaduminivmuentousien pechriguepdecane acdaptad
probl ens. In sQEe¢RRP q._%tll Cf&'i:r @t 1o Rldaistyvi.he canning of food or

beverages, it 1s possible to app y a protectlv ‘plastic or other coating to
t he exposedsalun1n|un1surface However, where solids are being handl ed, as

WIbt h bl ocksdof H&Q:emqfstaéé ftemtde pﬂdﬁéﬁﬁsgéauﬁettaiéﬁmmOptabaletigs of
abrasi on and er sur ating 0 on ad-
‘beari ng surfacggug'g'nd‘g‘é'%' ﬂ'tts ﬁ]%g §FXF:§ %f‘ﬁgzt? ﬁfg@o%lﬂg %ﬁy‘ﬁggo aﬂ'ée se
therefore pracwidhl wvhichughumppiogafiomms a Z508rapbubie exide/hydroxideiam
resi stant and f r LU n rp&g: reEess rf,y*st

St ai nl ess steell canr}ﬂtﬂ%g&cgg o?’sggt rlh"ggccﬁ an 11?rust thgrag?ore beﬂﬁbl%n%ed
or pressedlfihePeriedsl srreshapeto he dakapiduadng theougeeandseleaning of

steel is di ff'ﬁ&b&nih&uﬁ@@i‘é&émblatt%é Yetweetdhisedd td 3@ diasi e ethe risk
restrlctedto a%gllctlons where the, neta orned into the de5|red

e by oreosd SRR o Tk COREAIORFLPP APEC AT ar o 17 XU

out from sheet countries, for example the USA, the use of bare aluminium in
contact with foodstuffs under _conditions where contamination

15 of the foodstuff could occur presents particular health
problems. In some applications, for exdmple in the canning

of food or beverages, it is possible to apply a protective
plastic or other coating to the exposed aluminium surface.
However, where solids are being handled, as with blocks of

20 foodstuff or meal portions in metallic containers, abrasion
and erosion of surface coatings will occur, notably on load-
bearing surfaces as present in a plate freezer. Such
coatings are not therefore practical in such applications.

\~/ ' 25 stainless steel is corrosion resistant and finds widespread
use in the food processing industry. Stainless steel cannot
be cast or extruded and must therefore be machined or
pressed where complex shapes are required. However,
stainless steel is difficult to machine and its large scale

30 use has been restricted to applications where the metal can
- be formed into the desired shape by pressing, for example in
heat exchanger plates which are pressed out from sheet
metal. It has been considered impractical and uneconomic to
manufacture a freezer plate wholly from solid stainless '.
35 steel.
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metal . It

freezer plate wholly fromsolid stainless 35 steel.
1992 - 3-

serpenti ne
bet ween ga

tube contacts the adjacent 5 sheets along only a narrow | ine of contact,
such plates give poor and uneven heat transfer fromthe tube to the shee

has been considered inpractical and uneconom c to manufactyre a

It has been proposed to fabricate a freezer plate froma

tube, which is to carry the geal exchange fluid, sandw ched

SP961. A2 14 Decenber

| vani sed steel or. stainless sSteel sheets. However, since the

This resul tr¢ lnashlaaeﬁnmpdswuttd efb!bfﬁé@ﬂésat repeed Hlidie PEAbR &' e¥zer

effectivel
freezing o

whi ch give
t her mal

gi ve gréa
and uneve
proposed t
sheets wt

bet ween thd:nejlpﬂ.atel fireezkretesf fmut iiwedyi ,deandh imr. aomae.risté&raméasrolﬂsfer
e in
rozen

over the s
vertical p
as a sélbd

to pass a

15

and |n I Ilse eas excess nd/ or suffl L ent
ek i B, acemh%ﬁeﬁeﬁse%c apgeEEity, such,
pl ate freesammaﬂred)ehetmqw sgdlaﬂahysede sibeeDbf oxxt sttaé.chldssm steetlm ates . -

f t f
r??é[:t a1, BgUSYEry BInth (e SA8Y' Bl Whd CaliEcRhE o
aei@ adomge Py ésnaFLBOWrﬂ-l% ofoakact o SU@hep&@Ms ghwepoor

d&atanli?rtiﬂéﬁ@ﬁlcﬁest erafisfapdwireh RS tiKd 8% thé gﬁée’eeen

such |

e and the

1 t.he pl at bet n thet
?Fh&'semeeﬂa%s” - EhoRigR” Sharn. LBk Tami iy e o, Rerate

:éél{ eT1r eezer S. ﬁkﬁ SUCl'.;T“If r eezlgrf ?9%%9-#%0 St 8h§5é?fn'y

_ condactharitderthecsheatss. Isugenersd, tﬁ'-tf-th( pba’del freenerss to
the faces glavidiBednabape?BedeanByitie USiB dxtrkiedSal (i gl aheplatassary

h%@%ﬂ“&lve ‘more uniform free21ng of ‘the foodstuff ‘and, due

to the high thermal conduct1v1ty'of alumlnlum as compared to

steel or stalnless steel, glve greater heat eff1c1enc1es.

In an attempt to .overcome the poor and uneven heat
performance of such sandw:.ch type plates, it has been
proposed to £ill the 1nterna1 space in:the plate'between the

‘tube and the sheets w1th a eutectlc materlal. “Whilst this

20

aids heat transfer between the - tube: and the -sheets ‘and

'prov1des_a more- even_thermal transfer over the surface of

25

30

the sheets, such ‘a system is not"suitahle“'fOr use in.

vertical plate freezers.  1In such’ freezers, the foodstuff is
usually frozen as a solid block between the plates. Such a
‘block readlly adheres to the faces of the plates and cannot
be removed. It is therefore necessary_to pass a heat;ng-

medium through the plate partially to melt the.block of
frozen material immediately adjacent to the plate surface.
With a plate filled with a eutectic fluid, the thermal

properties of the”fluidfpreventhrapid“heating and cooling of-

the sheets forming the external faces of the plate.

- Therefore, any re-heating of the cold plate will occur

35

slowly and extensive partial thawing of the foodstuff block
between the plates will occur, which is unacceptable.
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medi um through the plate partially to nelt the block of frozen materi al

I mredi ately adjacent to the plate surface. Wth a plate filled with a
eutectic fluid, the thermal 30 properties of the fluid prevent rapid
heating and cooling of the sheets formifAg-the external faces of the
pl ate. Therefore, any re-heatsing of the cold plate will occur slowy and
extepsive partial thaw ng of the foodstuff block between the plates will
occukys wWhich is unacceptable 35 SP961. A2 14 Decenber 1992 -4- Due to
t he priobl ens B8 i rtRet PEAD &ﬁ@stﬁgrﬁﬁbrépﬁtépénéF4M3h¢§ﬂ§%rﬂfi%ﬂ%@%@Y

andt despi t te mez:wrsﬁdaﬁmﬁs mﬁétﬁm J E&ndf cash;\eAihetré aun@qirdt#nemlaﬁnﬁmlg@itatml
eontinues to sed ,as er| rom whi ate, freezer ates, are
manuf act ur ed P%ocf efs’e%n f ef)?%g}@u%% nf'gngﬁat‘ﬁs&‘?‘o Tﬁ%
goul d ari se, matdrxaﬂnﬂmmmauhapheplahetﬁeeézeﬂsppbabGS|axp|muhuiaqtmted

| t t' T
L earnat e TRl nolBet CableRinikd ORASLHLEEAHINE dohtdhunatdon propilie

f oodst uf f in1ndivl sed contal ners
netal cans, &Rl #W%on%‘énpésoqueﬁb acreRledr inather donth WW%J—% t he

co gt f" ners i industrsy Sﬁlﬁi@ épteﬁﬁaewé ﬂlatfﬁodwn 'f@ﬁ'f £ ez, yftécﬁwétf;ﬁﬁfg nt
an i me consumni ave no devi s 0 reezer ate

const ruct i oni‘ﬁ’%\,%h ?g)er %’oo@be 3’7‘&5{ £ d5viise Y BRckeR el ov
Accordingly,nmdaqmdna%ﬂclasemtcont@mnerdesfarhexampiehmmyal:ﬂhn&yﬁnmd
ggﬁgﬁ .egetsﬂ’ eﬁfécéoﬂ%ﬁ%ﬁ{: EF&%V féPé” %oé&nab 0%1&{)4‘1:1%“1:1&@”*)”
t her et hr ough aontaigiensni &n rmalcoéﬂch%%be mi&rurﬁ%‘aﬁrillo\#aysn which is

\v/ clearly inefficient and time consuming.

We have now devised a form of freezer plate construction
15 which reduces the above problems

S OF TH ION:

Accordingly, the present invention provides a heat exchanger
20 member adapted to extract or impart thermal energy from or
to a body, which member comprises:
a. - a substantially solid core member having  bores
therethrough through which heat exchange medium can flow;
_ and |
-~ 25 b. an outer cladding of stainless steel over at least
those areas of the member to be in direct contact with the
body.

From another aspect, the invention provides a method for
30 subjecting a material to thermal treatment, which method
. comprises placing the material in thermal contact with the
surface of the cladding of an heat exchanger plate of the
invention and passing an heat exchange fluid through the
core thereof so as to extract heat from or supply heat to .
35 the material. '
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and 25 b. an outer cladding of stainless steel over at |east those areas
of the menber to be in direct contact with the body. From anot her aspect,
the invention provides a nmethod for 30 subjecting a material to thermnal
treatment, which nethod conprises placirgsthe material in thermal contact
with the surface of the cladding of an heat exchanger plate of the

i nvention and passing an heat exchange fluid through the core thereof so
as to extract heat fromor supply heat to 35 the material. SP961.A2 14

Decenber 1992  -5- Preferably, the cladding is capabl e of relati ve T
movement wi t Brp¢apapiyt,C tHE €288d 8's V\é@é@&% dpf %reﬁ'&%%%ré r mal
expansi on bé %cont rzg:'t i gn %eregﬁabcan acconmp rmh uced -

stresses bet Wé@ﬁ FesPecta i h(%d’q]?% Wr I"f ef"s‘ﬂ’ﬁ%qul r&ﬁq‘iﬁir@eﬂ*@d
that the envehemaf téﬁpahsnahesameelcoﬂwabmrbe thierecifed. £anan be

outer fac miiﬁ X 8?%; 9k, RduEHd) j&j@#é%% %%t‘@%ﬁﬁiﬁfz nf?;&?ﬁnéf’?tﬁ
engagenment chregor Et tis prrtrimdand v priefierreds thatt hbenehvekppesofn or
LA i dairen sl et U i,
within the pVéFBua‘nUhéé'ﬁ%bUaVé@et ﬁ’éafiGF-ﬁgoi-sacéB'ﬁ@@n @o‘P&ll faxm glegety to

machi ned al ughai giter Edws &f dbhéhss1Rd! &oréoaﬁdnyle\te twt@.r.atdam@lesﬁ} as
used in_ the fabrjcat

t L :
Fowever  PhelielPe 1St iR, RACISINRE "FEFh iR 60560 ascomodate
pressure bondédfereacesr ime rtzlmmaioman-mmimrc h:ontractJ.on . s

The term core is used herein to denote the thermally
conductive structure through which the heat exchange : flu:Ld'

15 is to flow within the plate and can take the form of a
conventional extruded or machined aluminium or other high
thermally conductive material block as ‘used . ‘in  the
fabrication of a conventional freezer plate or the like.
‘However, the core can take others forms, for example a
20 fritted or pressure bonded metal or ceramic powder, in th.ch .
the member is substantially solid-and the bores to carry the-
heat exchange medium are’ formed therein. - 'The core can be
formed as a unltary member or can be built up from a number '

of units, for example from lnleldual modules th.ch may be

25 the same or different. - o SR S N\

The term cladding is used herein to denote the separate
outer envelope or skin applied to the operative parts of the
core and can thus be a sheet applied over only that face of
30 the member to be in direct thermal or physical contact with
the body to which heat is to be applied or extracted.
However, it is preferred that the 'claddingz'take the form of.
an outer box or the like within which ‘the core -is located.
Option~ally, the box has an open face through which the core -
35 is inserted or the box can be fabricated around the core so
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the menber is substantially solid and the bores to carry the heat exchange
medi um are fornmed therein. The core can be fornmed as a unitary nenber or -
can be built up froma nunber of units, for exanple fromindividual nodul es
which may be 25 the sane or different. ¥he +ermcladding is used herein to
denote the separate outer envelope or skin applied to the operative parts
of the core and can thus be a sheet applied over only that face of 30 the
menbey,to be in direct thernmal or physical contact with the body to which
heat i s to beasappdi cprovidat raicicddsedoweootaineri sepekosingd thet adxe.
cl addi ng t ake f ou : r [ 44 14 ' e i's
| ocat ed. Optig%-gng?fb%e %E)i)? hggé{éﬁfgggn %Eaggit@o%a%ﬂv%i C th(afﬁ(;ordt;‘%r

s inserted ofubREaBiieddy BALr 85 R SPSEARINE TREFCE SPesmembeR

Decerber 1992the cledatu 1 oproelded! hycwnsets st oasleni by b are,
r n r X .

the operat Pvelpate SXsalpe’ e it 1R Ep SH6Fa b tRE Sedy B ot °
met al whi ch i theevdcuuns thexe betwaels contact with the core by the

application of the vacuum there between. For. conveni ence, the invention

wi |l be described hereinpafter in terns of a ¢ore for a f,reeng | .at e which
i s encl osed 1EOF cAR¥enRiengen R invantigqmyaidqbe deseribed ,"%&é’(ﬁef,tqme

core can takejhhadrisnef & eoket For a |freezernplavel walohi disureddlsseds
used in alB| ate Elr.eezer exgept that .th gét.ﬁéna di rensions may 15 require

reducti ontPo VA& &Md&?@l)ﬂg‘ﬁrgstshis&ﬁ&sgi cl addi ng where the freezer

plate is to replace a plate in an existing freezer assenbly. Thus, the
core can be ang jngicated above, the core can take the form of a
substantially conventional aluminium block as used in a
plate freezer, except that _the external dimensions may
15 require reduction to accommodate the thickness of the
cladding where the freezer plate is to réplace a plate in an
existing freezer assembly. Thus, the core can be a
generally rectangular block of aluminium with the necessary
heat exchange fluid bores or conduits formed therein using
20 conventional extrusion techniques. If desired, the core can
be formed form a series of modular units where the overall
plate is large, in which case the modules may carry lateral
flanges, grooves -or the 1like whereby they can be
interconnected along adjacent edges. | |

The cladding can be applied only to that face of the plate
to be in contact with the b.locks of food or other material
to be chilled or frozen by contact with the plate. However,
it is preferred to form the cladding as a box-like structure
- 30 by welding or otherwise securing together plates of suitable.
- . gauge stainless steel sheeting, into which the core is
‘inserted. Since the core member is substantially solid, it
provides structural  support to the overlying -<c¢ladding
sheets. The cladding can thus be formed from thinner gauge -
35 sheets than the earlier proposals in which the sheets |

$P961.A2
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general ly rectangul ar bl ock of alum niumw th the necessary heat exchange

fluid bores or conduits fornmed therein using 20 conventi onal.

extrusion.

techniques. |If desired, the core can be formed forma series of nodul ar
units where the overall plate is | arges #n-which case the nodules may carry
| ateral flanges, grooves or the tike whereby they can be interconnected

al ong adj acent edges. 25 Theycladding can be applied only to that face of

the plate to be in contact with the bl ocks of food or other

material to b

chilled or sasdwichedcont sarpentinectpbet ewhighegive i onily p]‘@ctelxmldt
formthe cl Qﬁg BQtaS a ‘Pﬁé 'btﬁdai]hgcwée plebyraslyi ngrory 1‘9%I
eet | ng I nto

securing to er plates sul t abl € gauge” st ai nl ess st eel

which the ¢ PECFE‘eFﬁsHeH@&redSltﬁc@“cPr%’ resiassan @%bﬁ%%ll%@%l id,
it provi desltsﬁ.suchbehr,Stuymrdamq theeo\zrs yinkg  motabliya steets. 2 Toe -

C oposa s’ Hmbat8n "m0 S QRN ABE! 1AV e “Esb el Bei G GR o
serpenti ne dubetehthe gaterenoy tbeatladdisgppaterial. Tk&:wﬂendiwlgere '
preferably

applied | oa
MmB, SO as
nature of t

oCcCcurri
thickerlgo

desired th

- structure wath-heat.exchange eondults.formed_thereln, for

§Hbrhdy TAEHEY NS S PLEQHLLA, ol kbl s

£acesqntcthnopiabe:] Ehﬁhelﬁaﬁlwaﬁ@ebe e"FlH-%lF%ﬁc @ROvided e
Peeaté@‘dslt&emtﬁ“&br eIy 2.8 &ie St liiste! transfer is not

or exanple af the end faces of the plate, the claddlng can be

provi ded greater strength, for exanple 2.5 to 5 ms. 10 If
gfcldesined carthee tdadddngs eamobposfdu—med as a composite -

" example by securing heat'exchange'plates'to'the inner face

15

of the cladding to prov:Lde supplementary heat exchange _
passages through whlch steam or other heating medium can be

passed at the end of .the free21ng cycle to release the

frozen block from the faces ofithe platesuw1thout.the need

to interrupt the flow of cooling medium through the main
bores in the core. Alternatively, the external face of the

20

core member can.be.provided with grooves to provide the

secondary heat exchange flow conduits.

25

From a further aspect, the_inventioh_providesta_method.6f

the invention in which a first cooling heat;exehange.fiuid
is passed through the bores in the core to achieve freezing
of the material; and a second'heat exchange fluid is paSsed'
through secondary bores in the cladding and/or the surface .
- of the core whereby the material at or adjacent the cladding

~ is caused to thaw whereby ' the frozen material can be

30

35

released from the heat exchanger plate.

For co’nvenien‘ce', the invention will be described hereinafter

in terms of a cladding whlch ls of a simple single sheet

metal wall construction.

SP961.A2
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structure wi th heat exchange conduits forned therein, for exanple by
securing heat exchange plates to the inner face of the cladding to provide.
suppl ement ary heat exchange 15 passages through which steam or other

heati ng medi um can be passed at the end ofgthe freezing cycle to rel ease
the frozen block fromthe faces of the plates without the need to interrupt
the flow of cooling nediumthrough the main bores in the core.

AIteroatlver, the external face of the 20 core nenber can be provided

Wi th grooves- Thepicdaiddd nghels cpoefiergbliyas @wsmgfettlummhheu exteEnath a
further aspecg e % [ (0)VANy| agl tgg%i”ﬁ; h o] h a
first cooling ﬁggtg &%hgﬁge%% ¥ eés g:sse sréou§ %r;'!:s]‘:'a?xn‘f%]rc
core to achi ebetveenzithe o‘Fo%’ﬁea#ﬁ]t eT’l'll%I claddingsecoh H’@&tlr@,@ohaﬂg eatyi d

hs passed thr éﬁéhaﬁgéoﬂﬂﬁldr hes® bé 1 ddated hédwe@naﬁﬁéoznﬁéue f&&é HIe thie t he

core wher epy or adj cent_1he cl.ad IS to t
Whereby 1’ FLAgERnGpER Bhellnfe EoThninlad SR, Thanhsets Do bulnan 105

pl ate. For cocorei cand, the mlmaddlmgi vand tnélsmsd:o badzdmmuadmn‘a elocal
constr uct | on. L35 VERBEToAT) ’%L SgorY hellpLE:, b filler
preferably a BA¥s®er @ssigin I ?@%ﬂ o?-h? hQPEBFstﬁuE§aF§S of
opti m se the Bpat cbkanahar cmaﬁﬂ@ﬁﬁ the core .and the cl addi ng. | f desired,
a heat exiﬁange filler can be | ocated between the inner face of the 5

cl addi ng d the core to maxi m se heat transfer between the core and the
cl addi ng and Akso indiesatednoddovd,0cheneckaddiasg i nande thef aceref .thre

cqre menber. IBGctihbBEd or secured together in such a way that they can
move relative to one another so as to accommodate
differences in thermal exi:a_nsion or contraction between
15 them. Thus, the core or the cladding can be provided with
‘thermal expansion/contraction joints or‘bellows portions to
achieve this where the cladding is secured to the core at a
number of points. Alternatively, the claddirig can be
applied hot to a pre-chilled core so that the cladding is a
20 shrunk fit onto the core member. However, it is.
particularly preferred to apply a vacuum between the
cladding and the core so as to deform the cladding to lie
against the core in direct heat exchange contact therewith
and achieve a sliding contact which can accommodate the
differences in expansion or contraction. Usually, this
vacuum is drawn during manufacture of the freezer plate, for
example through a valved outlet in an end face of the
cladding, and the cladding then sealed to retain that vacuum
subsequently. Alternatively, the vacuum may be drawn during
30 use of the plate and released thereafter. For convenience,.
“ the invention will be described in terms of a plate where
the vacuum is drawn during manufacture thereof and the

cladding then sealed to retain the vacuum.

35 The vacuum can be drawn between the cladding and the core by '
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may be assi

st lubrication between the opposed surfaces of the core and

cl addi ng. 10-As indicated above, the cladding and the.core are constructed

or secured
anot her so
contraction

this where
that the d

However,
claddlng an

together in such a way that they can nove relative to one
as to accommodate differencesgi n thermal expansion or

bet ween 15 them. Thus, the core or the cladding can be provided
wi'th thermal expansion/contraction joints or bellows portions to achieve.

the cladding is secured to the core at a nunber of points

LG dds t:l‘f d¥kpordd by P&Eé’ oxlfnllf‘et§qr? of® "854 - o
S part| ar

y pre erre to ag ¥ a vacuum etween t e
éatqﬁ?e & e the aboky §brengh: hwhichqdth

Al ternati velayly mml:ahladmetjm;b.n [Bormgrampléotthe talq;ﬂd&nqnbdnedcanrbesoké

§ t¥arramaghSns@rawa.core
in direct healefdteibange tn@néﬁﬁérhamr faté o the dorey pepbelr §5ngreeiaaat

Cotar 1y % Pt Shimick, 67, oBubheh Ra-Bestel AV Bh St dnionia bl (o

exanpl e t hr elgddingpibedhettelved eutket.f a¥Vacumum Hs dimtdiapplied tbe

cladding th
vacuum nay
conveni.ence

retain the
core by18pg

?}a?%h%dghgfﬁ‘é‘égoﬂfteﬁé é’{ h(l’.glprit e an'ﬁ{%#eased Lg?%; §

the

arxdqethelveutleg Weldesk oresetherwisq seaddnglya gleaed wnéfe the
vacuum i s dm%xtﬂarﬂl%lrﬁmﬁwéwéé\&méeef Re agdiagdivisbr hee seat-ed to

vacuum can -

acuym 35
SATADE FOIAEh S dgb & VAT, FAamee|

et weep the cI dlng 8;% t he
npl e,

t he claddi nppeb@equaited forotiedrelidingonE thenwiam odl the opeheeadl ofoae end

or top

15

‘core and the ‘stainless: steel claddlng, the core will
contract more and faster than the claddlng. As a result any
void spéCes between the core and the cladding, for example -
at the end or top of the plate, will enlarge during cooling

20

- 25

30

35

‘stainless steel’ claddlng box into which the core ‘has been
1nserted to the alumlnlum block of the core

Alternatively,-the_vaCuum-can.at least . in -part be formed

during operation of the plate. Due to.the dlfferent rates
of thermal expan51on and contractlon between the aluminium

of the plate. This will create or increase the vacuum

‘within cladding. In some cases this effect may provide all

the internal vacuum within the plate which is’ required.

However,; it is usually'preferred to draW'at least suff1c1ent'

vacuum during manufacture of the 'plate to ensure full
contact between the claddlng and the core over the operative
faces of the plate.- R S '

The shape'and dimensions of the core and the cladding can be-

varied over wide ranges to suit the particular freezer plate

which they are to form and the usage to which that plate is

to be put. - However, apart  from the stainless steel

cladding, the plate can be designed, manufactured and -

operated in the conventional manner. However, due to the
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face of -the box through which the vacuum is drawn. Preferably, the
external face of the core nenber is provided 5 with a nunber of grooves-to
assist flow of air within the cladding.to the valved outlet. Vacuumis then
applied to draw the surfaces of the cladditmg- onto the faces of the core
and the outlet welded or otherwi se-sealingly closed off. Alternatively, the
secuting of the cladding upon the core 10 can be carried out in a vacuum
chanmer, for exanple as may be required for the welding of the rimof the
open ehd of &Jadrﬂomeestbeearomgmdm’g eentamiratiier hofth&heorfoodisbeing

inserted to tf%z’éri”ﬂiwnttbéoﬁiﬁuﬁniﬂ@ 6P’ Sthdp :ﬁét@fﬂ@ildﬁlmetesréaiﬂum
Gan at | east Inﬁ-‘fefi r med ﬂirl ng peratlon of the plate. t he

di fferent rat®® ee?ﬁ& h et tEANS @Hdtﬂ%dé}ﬂ?ﬁ“ﬂl um

gore and the witth réiﬁasmlessaestee;latbirrthe ¢dise Gz cowerdom®Nnt ract nore and
flast er thag1 the cladding. As a result any 20 void spaces between the core

and t he cl addi ng, for exarrpl e at the end or top of the plate, wll enlarge
during cool i A}ESEREE \ : WINGS: create or increase the vacuum
wi t hi n cl addi ng. In sone cases this effect. may pr ovide all the internal

vacuumwithintheﬁqlate which is required. 25 I s usual |

it
preferred to MRRFERTTES fo1, 0f é:lh@nlfr\?&&?l?nf?&&tiengfnﬁhﬁf %LEYEPEJ'BP ﬁl
plate to ensuisw b8 Idestidsdd st weqnd:Eh&1qhe¢damgoand1therespecevto the

The o addith SarepitEif (Epertap oo, WTEE 3Gl T Slagripiftielc

pl ate which t\mytmael tsedbion dhraugh & teoofhtbe inwvenpione Figuveb?2
Howev ey S | | h an
. p&deSI rae:@ﬁa';ér?dé gfoﬂtz%dﬂaq ecti®h o aHd QatE Sfpf‘fgﬁré

ghed, rranuf act qQper ate I n the conven | onal . mann
Hovever, due ¥o ¥H@uEPo811g> a1 flefaddmee cranpr-section through the fluid

flow and return passageways of the plate of Figure 1; and
15 Figures 4 and 5 are detailed views of _parts of the plate of
Figure 1. : _ -

SCRIPTION OF E D I :

20 The plate of Figure 1 comprises an aluminium block 1 having

a series of heat exchange fluid flow bores 2 formed therein.

Typically, such a core is formed by extruding aluminium

through a suitable die to form the block and is of

._ conventional design and construction. The bores 2 are

% 25 preferably orientated so that they .are substantially
horizontal. | .

One end face of the block serves as the heat exchange fluid
input/output face and is provided with an end cap 3 having
30 fluid feed, flow, 4 and output, return, 5 passageways-
- : therein in fluid flow communication with the bores in the
block. One of the passages, usually the flow passageway 4,
A is an open sided groove located adjacent the block (as shown .
in Figure 3) and is interrupted by internal webs or sealing -
35 pieces extending between the wall of the passageway and the
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- 10 - cladding, the problemof contam nation of the food being frozen with
the al um niumor other material of the core is avoided and the probl ens of
poor heat transfer and machining with stainless steel for the core is
overcone. 5 DESCRI PTI ON OF THE DRAW NGS:1WA preferred formof the freezer

plate of the invention will -now be described by way of illustration with
respect to the 10 acconpanyi ng drawi ngs in which Fi gure 1lis a diagrammatic
vertical section through a plate_ of thelnventlon ure 2 is a A
di agr ammat i Welowaldnbetvaen the boreseim khe kgur us,FpguFBown; dng T
detai |l ed crgetaiqciimowil ?ﬁ:@&h the end 6ff el @adlr gtoan eﬁﬁéaaeaarasgf the
pl ate of Fi %egépefn res 4 and g %I’ﬂiet abeed Vi f arts of

the plate o 1 Wﬁ?@e‘ﬁt R Tﬂg

pl ate of Fi @Juidl abongi passagedayn i ummmkhasha:helgeifeetl &f osubeat

exchange fI f f r er, sl C C
f ormed by e (Si%%%aréeumgt ougﬁ zf%?l}let ab e%&ﬂ%oﬁ#og%éﬁxhgégfr%g
i s of convel’hMQ)r@I mesﬁg@farﬁi%o‘h@kﬂﬁﬁcﬂl dm therpblegked By hat fluid

ghgf fe ;ggl )c/)f e I#gstct‘z&s?er es astbtlhe hg'ath age Eﬁsgbﬂfa Pt h(caiISIE!LE’atﬁ}:!I'i!lté nbalt? oo
- v e fluid input/output. face
and is provft(!’é'&uﬂh hthe, Q%BCEaEerhé’\ﬂ%gt%ébc’égg?‘do?:eé’d’ce SA K¢ Ak a{!l‘

out put, relgtHer 5 PEORRYLVpasSsagewaynsi sethvesd afd the comtbet abE oflwith the y
an open 19 ”&%al%'gé’?éo% I sdhE PRESR0E s SHBLM L Ifie) bOKPRAPBARI S |
i s interruptbdeddly and dmsgonnseteask t@mglsshpmeebogmnannghm #a8R t he
wal | of . theﬂ@ﬁ:@iﬁ%é‘% bBeesPPR Ibi8cik 41 Pase oY part or all of <
: the web wall between the flow passageway 4 and the return '
passageway 5 at the approprlate length of the passageways as
15 - shown in Figure 5. The: passageways 4. and 5 are provided
with any suitable inlet and outlet ports 8 and 9 for the
feed and discharge of heat exchange fluid from the
passageways. '

20 The drawings show a single feed and return arrangement at
the base of the block 1. However, the feed and return ports
8 and 9 can be located at any suitable l'ocation, for eXampie--
at approximately the m:.d-helght of the plate, and more than-
one feed and return port 8 and 9 can be used to- prov1de a :
25 more complex sub-division of the flow of fluid through the \J
bores in the block.

‘The other end of the block is provided with an ehd-cap 10,
‘which may also have flow and return. passageways and
30 connections as just described. However, a particularly
preferred flow and return path is provided by mounting a
-simple bar end cap 10 over the exposed ends of the bores 2
in block 1 and cutting back the web wall 7 between adjacent
" bores so that a transverse port 11 is formed between those -
35 bores. '
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web wal |- between the bores in the block. Thus, as shown in detail in
Figure 4, the end of web wall 7 can extend across the full depth of
passageway 4 to interrupt the flow of fluid along passageway 4. This has
the effect of sub- 5 dividing passage 4 12te a series of sections each
serving two or nore of the bores 2 in the block 1 so that fluid fl ow ng

t hroygh the block 1 has to foIIowa serpentine path through the block from
top L& bottomor_vigc ersa.

ther, return, passageway 5 _serves_as the
outlet” of fl-.ut¥ ‘1%?1 e FEVRER p%’gl%‘aelﬁhr%ﬁﬂstﬁ&s@?p@ﬁ?&ﬁ@dpEPHeFﬁﬁﬁugh
L he bl OCE andby ssagtabtecpdrtinee thsther gndocaps ]'?" amd s waSa&llclt)'tﬁ: y
ore or bores Vi par of. 1t wa
the flow passﬁwcﬁﬁﬁﬁ %& %;e&u M -(Z\ gg{/as'h?tath%# %%?W?a gutl ngt h
gf the passagél.mys an 1the ssewe idirecfion 5thr¢hghpdmcage“h;tee frnmobear e
provi ded g had":ﬂé/ gslgée%? tﬂeé 5@58u§1r1511 {.é)r the feed and

ea ul d

di scharge ange rom e passage D The
drawi ngs show a si ngl e feed and return arrangement at the base of the bl ock

1. However, tiee fl?ﬂﬂ:l@nﬂ iQtéﬁﬂaQthfnSaaédaﬂnIé@s b§téé‘ia&§édéin N¥hich

sui tabl e | ocatj on, a at . ap tel d he| ht of the
pl ate, and noree% h%t’t’l éﬁ@'ﬁ gﬁfﬁtﬁﬂ? e‘?‘tﬂ%?‘%g q st¥e  §ide
provi de a 25 faces Qfmb]leaksab diThes iciaddinghel s Imvﬁniémkhytﬁomgﬂ bire

bores in {fe & %&?nd:hl?w&t Joseld J?f crid¥s Wt drt g%a %‘{:'sd% d‘ﬁ’gf)'ﬂhé”b%%cap

10, which may return_passa connecti ons
as just descrl RR). thaﬂo@kﬁetopaaﬁrb¢%t@1&rlypﬁr th@dtVPOINSaﬁUe}'eFHrﬁrpat h

ﬁe/prow ded tbutﬁ@uﬁbgéﬁhérS'dﬂd SweBd i dtﬁépblﬁtOV@f bvere¥posRs eoek A&f
t bores 2 i bIo rﬁﬁ%‘?nd cutti %M\Aﬁgﬁv\g betw‘e)nﬁdjgic
bores so that &R ??Eﬁ‘t & d 8?_5

are encased with stainless steel end caps 21 and 22 which

15 are welded to the side plateslz_o.._ 1f desired, reinforcement

plates 23 or the like can be used to strengthen the end caps

in the region of the fluid feed and discharge ports 8 and 9,

as shown in Figure 4. The end caps 21 and 22 are formed

from thicker material than the side walls 20, for example

20 from 2.5 mm sheet as opposed to the 1.6 mm sheet for the

- side walls. 1If desired, the ends of the plates 20 can be

welded to a U shaped stainless steel end cap which serves to

mount the plates 20 upon the aluminium core and to provided

) a substantially rigid end cap to the cladding so that | any
N\ 25 - differential expansion between the core and the cladding is
accommodated at the other end of the plate. |

In order that a vacuum can be drawn on the cladding, it is
preferred to provide one or more valved vacuum ports 24 in
30 the end cap 22. As shown in Figure 2, end cap 22 can be.

- formed as a loose fit over that end of block 1 so that an
internal air space 25 is formed within the cladding. Aas the
L block 1 cools, it: will contract faster and to a greater

extent than the cladding so that space 25 is enlarged and .
35 thus draws a vacuum within the cladding. This may be
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35 bores. SP961. A2 14 Decenber 1992 - 12 - |If desired, several adjacent
bores can be grouped together by suitable porting in the end caps 3 and 10
and/or by cutting back the web walls 7 so that heat exchange fluid flows .in
the same direction through two, three-ori3mfe 5 adjacent bores as shown by
the arrows in Figure 1. The-block 1 is encased in a stainless steel

cl adding which lies in heat exchange contact with at |least the two side . _
faces of block 1. The cladding is conveniently forned by 10 applyi ng twoj
opposed L ceugfisientoitaideaw ablt thenvasnydi re@dnahitq RASEES 28080t t om

Itlpfs of thel 1 O\ tHCEO" ﬁﬁﬁeéxfgaiﬁ@k L hémihd!il? Ir&:dhetbettlloméﬁnverlap

o forma closed sl eeve ,aroun (o]e e ace ock are
encased wit HOVENERlredd dS BT eeﬁﬁf’?%fgst‘ﬁfi%ﬁf’d #ﬁﬂﬂ?%@é?ﬁ‘}él%lﬁ@ﬁ UG the
side pl at esyd®hinf tinsi ckaddingnabr ambientpitamperature tte é¢nsereathat used 3
to strength th PS, rgqi the Jl "_
ports 8 &and @'éﬂ‘gﬁﬁa rfé’&?& 468Tmogl1cd gap‘)';sl%é degﬁ areﬁlforme from .

t hi cker natenndhnghan t he S|de wal | s 20, for exanple 20 from 2.5 nmm sheet
as opposed to the 1.6 mmsheet for the side walls. If desired -t he ends of .

the plates 20 can be welded . to a U shaped. st ai nl ess end ca
serves to md@ntusee Bha: plats @b &l bt & dRF %6113: d'ri oapVﬁngﬁﬁ

subst ant i al kg aniediich el dpTapet: ﬁrebzeel dddithe oMl way ‘a&hd floblstafifial .
end o e ok cSxeRBLEociodiE, 3By Carale AR OAT hEs o 8T
is preferre@hhmhnnnﬁmxmemebetweeneadaaceutv@dGGNﬁpdnt§ﬂﬂa nOrmal wa¥.end
cap 22. Asﬁﬁ%t”kﬁdhéﬂé&”fﬁ&idE¥¥5ﬁ§ﬂtﬁ¥bﬁﬁﬁ'f@bd port 8 to the bores )
: : 2 in the block 1 to chill or freeze the foodstuff in contact |
with the vertlcal faces of’ the plate. The plate thus can be:
15 used as a conventional heatlng or coollng'plate, -except that
- the food is not now in contact- Wlth the aluminium qf the
block 1. When freezinghis completed the block of frozen
foodstuff is :emmved-fremrthe;chamber_between:adjacent
“plates. .As indicated-above, the frozen foodstuff may adhere
20 strongly to the surface of-the”plate,'even.where-this is
given a coating of a plestip,f_fbr' example ' polytetra-
fluoroethylene. = It may therefore be ‘necessary to pass a
heating fluid through bores 2 to cause rapid thawing of the
external faces of the frozen-hlcck; Alterﬁatively,~where .
25 the cladding has suitable secondéry'paSSages”or'the block 1_-_\?3
carries external grooves or secondary bores adjacent 1ts7
outer faces, steam can be passed through those grooves or
secondary passages to cause rapid thawing of the external
faces of the frozen block without the need to 1nterrupt the
- 30 flow of free21ng fluid through bores 2.

As stated above, the invention has beenzdeScribed:in terms -

of a vertical plate for a freezer. However, the invention

can be applied'to'the construction of plates for use in a .
35 horizontal freezer and to heating as opposed to freezing or |

-y
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formed as a loose fit over that end of block 1 so that an internal air
space 25 is fornmed within the cladding. As the block 1-cools, it wll -
contract faster and to a greater extent than the cladding so that space 25
is enlarged and 35 thus draws a vacuuntw4htn the cl addi ng. This may be
SP961 . A2 14 Decenber 1992 -- 13- sufficient to draw all the vacuum
requi.red to ensure good thermal contact between the cladding and the

bl ocks, However, it is preferred_to draw sufficient initial vacuumw thin
the claddi ng @R0%HRg f%ﬁéﬁﬁ%§ ® to ensure that 5 the claddi ng conforns
to block 1 without the effect of cooling. In use, the plate of Figure 1 is
fnstalled in a vertical plane in a plate freezer in the normal way and
foodstuff, 10 for exanple |loose fishes or fruit juice is fed to the
chanber formed between adjacent. plates in the normal way. Heat exchange

M uid flows through feed port 8 to the bores 2 in the block 1 to chill or
freeze the foodstuff in contact with the vertical faces of the plate. The
pl ate thus can be 15 used as a conventional heating or cooling plate,
except ‘that the food is not nowin contact with the al um ni um of the bl ock
1. \When freezing is conpleted the bl ock of frozen foodstuff is renoved
from the chanber between adjacent plates. As indicated above, the frozen
foodstuff nay adhere 20 strongly to the surface of the plate, even where
this is given a coating of a plastic, for exanple polytetra-
fluoroethylene. It may therefore be necessary to pass a heating fluid

t hrough bores 2 to cause rapid thawing of the external faces of the frozen
bl ock. Alternatively, where 25 the cladding has suitable secondary

p ages or the block 1
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carries external grooves or secondary bores adjacent it

can be passed -t hrough those grooves or secondary passage a :
thawi ng of the external faces of the frozengbl ock wi thou !ngm,ﬂ@uu’ _

interrupt the 30 flow of freezing fluid thYough bores 2.
the invention has been descri bed in terns of a vertical plate for a
freezer. However, the invention can be applied to the construction of

plates for use in a 35 horizontal freezer and to heati ng as opposed to \J-

freezing or SP961. A2 14 Decenber 1992 - 14--"cooling of foodstuffs.
SP961. A2 14 Decenber 1992 1 . A heat exchanger menber adapted to

S a2 dner ot MRAG SXORRBISE PERORE AR RR, 1, ST (R SRRRBEG

t hrough whi ¢heramsl @trérg;gefrmlilarnmra fbardy,, awhiich membemmompriseh;l: ng of
stainlesg steel Qv S he n
cont act \?’m t the%1 %ﬁoséﬁgéia;iﬁ %gghaﬁtg)ggme er as ct%a‘?fn I n c?al m 1,

wher ei n thethemﬁﬁhn?ugh(ﬁ#ﬁﬂﬂ@howhléhahﬁ§§ eerhenge wediumsgart flowihe
core nenber gper eby differences |n the thermal expansion 15 and
contraction_between the cor fla d|n can be‘gfconnndated A

heat exchan§e mefero4teE| & 3199 e? 9|s§| feel over at least

those areas of the member to be in direct contact with the
10 body. '

‘2. A heat exchange member as claimed in claim 1, wherein
the cladding is capable of relative movement with respect to
the core member whereby differenc':es in the thermal expansio’h _

15 and contraction between the core and the cladding can be_
accommodated : -

3. A heat exchange member as claimed in either'of claims
1 or 2, wherein the stainless steel cladding is adapted to
20 be subjected to an internal vacuum whereby the cladding is -
caused to conform closely to the outer face of the solid
core and whereby the claddlng can move in sliding engagement-
with the core to accommodate differences in thermal
expansion or contraction between the cladding and the core.

4. A heat exchange member as clalmed in any one of the
preceding claims, wherein the core comprises an extruded
block of aluminium having heat exchange  fluid flow
passageways formed therein. '
5. A heat exchange member as claimed in any one of the
preceding claims, wherein the bores for the heat exohange*
fluid within the core follow a serpentine path. .

35 6. A heat exchange member as claimed in any one of the B

@
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1 or 2, wherein the stainless steel cladding is adapted to 20 -be—sthj ect ed
to an internal vacuum whereby the cladding is caused to co sely-to
the outer face of the solid core and wherebysthe cu“ nu ﬁﬁhﬂ)&ﬂ‘\l n
sliding engagenent with the core to accomo e difits mal '

expansi on or contraction between the cladding and the core. 25 4. A heat
exchange nenber as clained in any one of the preceding clains, wherein the

v i d_ bl f | um ni i h h
i r ow precadiid S1RimtuvinzRin EnsPdbe Ts VAN TY onBThged \ETERRS .o
cl ai ned i n attheomdadklimiap. precedi ng clai ns, wherein the bores.for the heat

exchange fluid within the core follow a serpentine path. 35 6. A heat
exchange nmenber as clained in any one of the precedi ng cl ai ns, wherein

the core is whol | ¢ diRdlosedchapgenmenber| a6diHpimed im ap¥t oagciefhgehe

renber  as scl prigRédihgny@is Pf wh8febnpthectladding et dher endl Id¥ the

cl addi ng at one end o% the.core.is forned with hgat, exchange fluid inlet

and outlet p&OFE ZfR FOrPPEyvd 3}%‘# £xGhange eﬁgu%ﬁplgig r o (AREIRF ¢ s

and the cl adgiorks andeisoparoviifled. with aeatighixi hemdjecapnisecuwading athed i n

any one of t%%r;%rse%gﬁ %&'é{d&&i YLithP U d of the cladding is '
n

provided witfi an end cap contai ni a gap between the end cap and the
associ ated part of the core whereby the gap increases in volune as the

cl addi ngfl@r(]p%'lds £} Qiéﬁt?rékéhé%(gé5mbﬁbﬁge a%o\r,\cﬁéil!ﬁé:d‘gi@t ahgaohe! 'y ithéi al
Zselsts 1 or miesbding: Gladtien PREROLHo Chaddih. oF AR heleddiBHa ie,
n@ber accor girvoyidedcawitihcawfefiddecap containing a gap between the end
cap and the associated part of the core whereby the gap
increases in volume as the cladding expahds preferentially
15 to the core during at least tﬁe_ initial stages of heating or
cooling of the member, which increase™ in volume assists
formation of a vacuum within the cladding.

9. A heat exchanger member according to any one of the

20 preceding claims, wherein the cladding and/or the outer
surface of the core is provided with secondary bores whereby
a second heat exchange fluid may be caused the flow through
the heat exchanger member..

\ 25 10. A heat exchanger member according to claim 1,
' substantially as hereinbefore described with respect to and
as shown in any one of the accompanying drawings.

11. A -vertical plate freezer, wherein at least some of the
30 plates are provided by heat exchange members as claimed in
any one of the preceding claims..

12. A method for subjecting a material to _ thermal
treatment, which comprises placing the material in thermal
35 contact with the surface of the cladding of an heat
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20 preceding clainms, wherein the cladding and/or the du_t er surf.ace of -t he

.core is provided with secondary bores whereby a u!“ ige fluid -
may be caused the flow through the heat exchangeﬁmﬂ “mflmm r A heat

exchanger nenber according to claim {¥\substahti‘ll'y 8s herki nbefore
described with respect to and as shown in“any one of the acconpanying '
drawi ngs. 11. A-vertical plate freezer, wherein at |east sone of the 30

pl ates are provided by heat exchange menber s as clainmed in any one of th\;;a
pr ecedi ng ci%?F‘Fl%ang?r mambeE A5JClpdmeds i) cdaimgl andypassizg anm heater fal

treatment, 6§EPE1AE Madhith ke "ebeei dheredhaidbas 3o @@Rlradt W th

éﬂihiﬁrgfefcﬁeﬁ%aeﬁ iR BRERRETn heat exchange f1uid-

t hr ough the core thereof so as to extract heat fromor supply heat to the

mat eri al . 5 ;} . An{gaéﬂ&g % éurou 'lndéig}.ﬂlz %/\/n Qfﬁeg'e flés lé\pé}llng :

heat exchange 1 i d I'S passe 8 thée bores in core
freezing of ¢¢elingchear; exﬁhaageeé nédnhast pagsran§broughd the heres in

- through secopg@ryobar ee hBhS BoeCraddizag aail %het Hﬁt&ﬂ%@.(}ea?fd thesefctnfd

wher eby the materi al at_o dj acent i s_caused to fhaw
Whor oby t he Rt danangs F1uid Ush BRgeel EnEpgh, fecoRASEY Seranc tiber

14. A net heladding asdpoectiegurfaceiof the cove wherely tite matentight,
substant{al Iy aérhsaﬁh%ﬁftort%edeéﬁd&ﬁ’g W & Ned§S88 Cto! Bnblle vﬁ%&%‘ﬂ%'}éﬂé‘g

dr awi ngs. _
frozen material can be released from the heat exchanger .

member. - S o \J

14. A method for - subjecting a’ material to thermal
15 treatment, substantlally as here:l.nbefore descrlbed with
- respect to the accompanying draw:.ngs. ' '

SRy



