1- Title: Heat Exchanger for use in Cooling Liquids
Field of the Invention 5 [0001] The present invention
rel ates to heat exchangers for cooling |iquids.
Background of the Invention 10 [0002] Ice neking
machi nes and chillers are welid- known. These types of
machi nes are used in a nunber of industries including
t he food proceg ing, . blasti fishing, and genera
cool i ng appl i cattorss Faapgetiordige i Gooling Ligaids al | y
to a point above their freezing tenperature, while ice
meki ng 15 machi nes generally cool water or a solution
below its freezing point. Ice nachines and chillers

use Biehbef tlexiivengen that is generally cool ed by
refrigerant that flows through internal passages.
Water, or any other liquid to be cooled, is
i nt rl880%ed onildet bresentr inaestion’ rdlies heahe&X&RAAGErs fof coolin
the fjquRiei d s frozen, a variety of methods are”then g
Quids .

used to renove the ice fromthe heat 20 exchange
surface, including using a scraping device, or heating
the surface tenporarily to release the ice. Slurry
i ce 0 tione in that the water that is
shrozen usually has mxed with it salt, or sone other
substance, for altering the freezing point. The
resl002hg s| uee ynqiinglozichings afd Dhilkls afOWsil kheWsY TREL: types
MY oG a BARS 4 H\%id ngalt Breferred,fo.r many

FEUSRENE pyrmbenRf idusiies inplysingde food processing,

appl I cations _
-conwigstins, ahind)enntr gendrab BBRIPYaiRARIR. ﬁﬂiﬁers cool liquids
tr e%‘yc%r cter %él cs . are superior to other types

of Yce. [O ﬁa Rt pagve f(hir frieezing teyaperatirs, 9bie 66O making
19y mgchinesagenetdilyasod!Svattr 32 L3RtaRd S; (7 by

Gal | .ir?é:l 0S he.@t exchanger s in%ttﬁg %ﬁéﬁleﬁg(ﬁ eglz' i%%"t' lce
wi theTheEt Flersqusin s heatr exehanget rthateisapenerally cooled by

t r aekigeaint nigatt fvs3PirddHEhte? i The disk . .

rot.at es éé?FE _cont act vviltﬂ%‘ea f'lﬁagg% S%%ﬁ%%ivﬁ’éter'n%rcﬂyn?tgﬁﬁ liquid to

whi’CH- PR §1tfadeced pptaithersurace of tiiembeat éxchinger. tifthe liquid

di $kfrégen, 20§ Wt b | | sk hal ves, each of

whi ch inelu diﬁfi)é Dl u%l{gqgta{/@gl#é}gugédsﬁ refmove the ice Eom the heat
20" exchange surface, including using a scraping device, or heating the surface

temporarily to release the ice. Slurry ice differs from flake ice in that the water

- that is frozen usually has mixed with'it salt, or some other substance, for

- altering the freezing point. The resulting slurry product has a slush

~+ consistency and may be pumped, making it preferred for many appliications

25 where the end product must be conveyed. Furthermore, its energy storage
. and transfer characteristics are superior to other types of ice.

{0003] US.Pat. Nos. 5,157,939 and 5,363,659 by Lyon, as well as US
5,632,159 and US 5,918,477 by Gall disclose heat exchangers in the shape
of a disk with internal passageways for the refrigerant to travel along the
30 interior of the disk. The disk rotates in contact with a .ﬁxed scraping
mechanism which removes ice formed on its surface. In Lyon the disk is
formed with two mating disk halves, each of which ‘includes a plurality of
grooves on its internal surface. The pattern of the grooves in the two halves



grooves on its internal surface. The pattern of the
grooves in the two halves -2 are mrror inmages, SO

t hat when the halves are mated and brazed together,
correspondi ng grooves mate to form passages. The
manufacturing of this heat_gxchanger involves

chem cal Iy etching each separate half of the disk,

whi ch is expensive. 5 [0004] The two devices by Gal |

di scdresmmar hﬂagesemhaag\irmgw dm/hﬁleei et mated lfaﬁd! eskeldytogether,
cuttin u passages jnto.a thick net pl at Si.n .
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f | athel akehangejr anvodabst chdnfiieallyi dtckitlg qaloht sepacate Al eft e disk,
theéﬁg K. Althau h mlling the plate is not as

exp eé‘genﬁ’ﬁ mcally etching it, and in this

‘pro only te i s, bejng.machin d as Q sed
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ressor roug the internal passages. There is an
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[c006] Having a single inlet and. single outlet forces all of the mass of
the refrigerant to pass through a small cross sectional area. For a fixed mass

25 - flow of refrigerant, a smaller cross sectional flow area corresponds to a larger

.. velocity. Thus, by having a single iniet and outlet, the channel length and the
velocity are increased, and therefore the work of the compressor which moves
the refrigerant in the ice machine system is significantly increased. in the heat
exchanger of the prior art, the only way to reduce the refrigerant velocity is to

30  increase the cross-sectional area, which increases the cost of manufacturing. '



exchanger of the prior art, the only way to reduce the
refrigerant velocity is to 30 increase the
cross-sectional area, which increases the cost of
manuf acturing. -3- [0007] It would therefore be

advant ageous to have an icesmaking machine with a
heat exchanger that has a | ower pressure drop across
it, as _well as a velocity of the refrigerant that can

be f@MMed t oft avoldt thargfore dbryadvantagests Ite havel 8njee making
fUr pRhiROYAR ARER W chihded tzﬁglg iov@éfjﬂ@%@ﬁé dgtgf aé'oss it, as

use in a chiller orlcermc atc
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pressures of the refrigerant need

to WisovelBealdranstermaki ng machine with flat pI ate heat

exchangers that all ow sinultaneous scraping of several
El:hangét would beatsibeniadvantageogs do dhave ngﬂatoptate heat
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a stangiernguiseneatill @hieftormthatanddnghrmasagreﬁaxf mmmfrigeaant

is sinple, robust and easy to service, and requires
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Summary of the Invention

[0013] In another aspect, the invention is directed to an apparatus for
heat exchange, comprising at least one fluid inlet, at least one fluid outlet, a
first outer plate and a second outer plate, and an inner layer, The inner layer
is sealedly sandwiched between the first and second outer plates. The inner
layer at least in part defines at least one series of fluid channels. Each fluid
channel is defined in part by the inner surface of one of the outer plates and
by the inner layer. The at least one series of fluid channels makes up at least
one flow path between the at least one fluid inlet and the at least one fluid
outlet,



by the inner layer. The at |east one series of fluid
channel s makes up at | east 30 one flow path between
the at least one fluid inlet and the at | east one
fluid outlet. -4- [00141 In another aspect, the
invention is directed to an apparatus for heat
exchange, conprising at |east one fluid inlet, at

| east fl first out | at d

soaortPRaL L, ! i BHbtEL gefeot! hEShvalioRis Braeln iR apparatus for
| ayerheat @xgimg@d lcprpeisidai at et kmab\mmmélteaal‘ Ieb§t: o@fluid outlet, a
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in a i cqonfiguration to
por t I%g ﬂﬁ%’aﬁtﬁ grsef’ Gaf'bég%]e PRe @ﬁéncag (segments of the
an edlbediatienThefsectiong ﬁn‘é@tdg@!he‘?mrd&%% ke & b!u%?]lor?rto make
ice HB%}Lne Wi Bh gg}ﬁg rat us for heat exchange
heat NERYEOU S UieHPURS IB¥R! udes flat top and bottom

gen raII t he sane at | east one
b i BR18] o0° 0 00 kit Bcembaament af dhe lavention comprises a

I ocac!ulﬂerabr dee paadﬁm@ ealth Gin Apphitusdee Iféfat tgﬁh?,l,gaé ©$he heat
as a EI uraIJtF% of sections in a puzz type
ar r an’bcgﬁ@%? apae des Bat tap @ng bottem Fﬂﬂ@ﬁéﬁ gemeraily tiie same

_the stapet aDlaa%stl eﬁ?@fflu{ileﬁlet %anBtfie-ﬁt%%% ffd?é oﬁﬁét%hé\# located at a

channel s. puzz

w th rall el w
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fd ovpuze AuRksgénd

differ elr?:wgect [ or% e;ngd'ﬁegﬁ?e[% ﬁlleéagolﬁ Itateq{qu&%n“E }06&8§ i %ﬁ%’f of the
f eatSFCEOTS CompasenBJRinnRinee jof material twith se(a:ltebﬂm aheannels. The

-confptﬂmbﬁtﬁpéoaﬁgnéélﬁéntt %?O{ﬁ%'o {I alléﬂrg I([Se fluid to flow

surfaces of and

contcgetm%ttsw Erw@ ﬁheunlat fthrough ghe u:ﬂmgﬂ mbaon?eetahdm the outlet.
I opeadRifRpal ct i ons of

paral l el 1ow ¢ el i gP"é"’%ﬁ% <hiipas aregonfigured so
2phe thratdhe majgrity cdrtmamg:erreutfam csfythmttbﬂi aﬁalbomhﬁblatet &Sne in to

p|aE8 | i.n d ouflet is
di rreniztimc:)tﬁ‘g@JI mé){i@ '%?VI’{@ qiw thlecﬁ%{] Pt 0{1 eempodiment of the
si gifiveniiemtthe seblionsodf, paraltel Floancteintels! &reddbrrugated matenal and
adVFHé @%geygw nbrgdl nment, .there are two inlets and
“outlet of ARSIt s e“\ym?ﬁ"%a‘@’é@“éh@ﬁﬁﬁ?ﬁe /&;@@onally,
-, each inlet and outlet is dimensioned so that the fluid flows through a
25  significant number of flow channels. In an advantageous embodiment, there
are two inlets and two outlets, each of which is evenly spaced along the edge
of the top or bottom plate. In the aforementioned embodiment, the top and
bottom plates each include an inner fing and outer ring portion, where the
inner and outer ring extend beyond the sections of flow channels. The flow
30  path of the fluid through the sections preferably includes the fluid flowing in
through the inlet and in towards the inner ring, then flowing around the inner
ring towards the outlet, before being directed back and forth, first towards the
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of the top or bottomplate. In the aforenenti oned
enbodi nent, the top and bottom pl ates each include an
inner ring and outer ring portion, where the inner
and outer ring extend beyond the sections of flow
channel's. The flow 30 path_gf the fluid through the
sections preferably includeS the fluid flow ng in
through the inlet and in towards the inner ring, then

f | onienghe mmid& b butie®ralog paths euededsiveipelssdr t@the outer ring
befofﬁf’@?l ntg gted back and forth, first towards
t heé@'t ly BGHIRL the outlet, al ong pat hs
|ver cl ser to th uter nd fi
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i niddiding gngpgemest within dhe ollay eafgag emrans fof okatng the ‘shaft, and
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renmovabl e neans to connect t e inner carrier tO
holerthodinaent Bie. sqoyring dneaiitoisd? miate walded & the w%mer and

' S b%!tﬁ& ?6 %é”@lué??dAE Qv%l}lh thd FHh%vzﬂBﬁJ 6dn%c me2k R8Y b8 a bolt

e renovabl e connec ng neans may
be thatmsint be mapwzciaﬁo Hhe twioweehrder may shdﬁe logty The shape of the

e oSl fiFarande pRliBRBI Lud! Vot BE ARPELERPRLRIBC'SD that

-15t hathenShatesiget that isdigecaritaat with the heattexchange surfdne wears out,
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'rreo’rm:hamsm [0017] In anot her aspect, the |nvent| on is

an i ce maki ng apparatus that conprises a frane, a
pl [0OA7]t y oflnfdmithgrl @pect) dizd im&uﬁmnngarsucamakmdpparatus that

EChryives & el Bgfei PRI ol sRURHSd barate

20 SCwithinnenfeang, means doDEbMtthubasly Qﬂuyﬁllymgs.a tsbiitioh cover dine heat
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o hEARTGRE: SooA ARG T TREvng et ARl thpilom on the
f 1 aliffadeOof tikAheabegiiRigatd. inS@id) ebearmatt! imelatioh Qkels are

I n anot her aspect: the present invention relates to a
mese@ued fn the frame to create a generally sealed compartment.

[0018] In another aspect, the present invention relates to a method for
establishing an overall continuous flow path from an inlet to an outlet through
an apparatus for heat exchange, occupying substantially all of the surface
area beﬁveen the inlet and outlet, comprising the steps of: providing a plurality
of sections, where each section is made up of a paraliel set of flow channels;
cutting each section at one or more angles to selected groups of parallel flow
channels; abutting edges of each section to one or more other sections,
thereby causing the flow 'path' to change direction; and assembling the
sections in a puzzle-like configuration. Each section may include all



25 establishing an overall continuous flow path from

an inlet to an outlet through an apparatus for heat
exchange, occupying substantially all of the surface

area between the inlet and outlet, conprising the

steps of: providing a pluralg-ty of sections, where

each section is nade up of a parallel set of flow
channels; cutting each section at one or nore angles

to S8MGUCHy agdRpsalied chaanels pbanY Biven Twinthwheethy; a section may
abuiriclue REGRS 16 patin %%%éiﬁaghiie?ﬁ&%eto ndBHdindt her

sections, thereby causing t ow path to chanhge

di r FOOXigpn;  andthas seipebisN Ginki NSdvaheidesOBf thi aevi%e? il become

puzzl e-1ike configuration- Each section may in
al | @PRaTent; g’ﬁf‘] é%?f@"%ﬂg pBetailed| Deserptien singt thenyacgomeanying
POi thtawirfeer eby a section may include parallel flow

paths in opposite directions to one another. [0019]

O her aspects and advantages of the device will becone
apparent fromthe follow ng Detail ed Description and

t heBaethegpaiptiditof Dralwimisngs. Brief Description of
Drawi ngs [0020] Fig. T iIs a transparent front view of
a heat exchanger in 10 accordance with an enbodi nent

of the present invention. [0021] Figure 1 ais a
tr {A8Rr ent Figew a§ & higadspater® X eéaNGeH %h‘%/‘”héag ?xchanger in
or

Fi qur wi t.h indiyvidual flow channels renpve
0¢ %%F?V%P?)e vatFl?gt‘?’%lP ineghef the presenbiREention. r ef ri ger ant

t he the heat exchanger. [0022] Fig. 2 is a front
Vi é@ggart i al PYS aﬁ]ﬁﬁl%é'ﬁ?a'lﬁf't ‘éﬁ‘]”i (gé%?rﬁﬁ?hgx‘?hﬁﬁgﬁ shown in
magigune 1, rwithe (relividuie] ook thamiel Reho R asli dERY Bfiliditate flow

presgnt. i nvention, jncorporating the heat exchanger

sh 8IS tAkes By fefigeraptihranighithe heat exehangeross- sect i onal
' k . li 3-3.1i Fig. 2. 0024] Fig. 4 i
BT B LT et s

15 of maghipleaieacodPdadc@Odith drictherSerhSodiMeRNE1 Y& (r)éﬁtceﬂg invention,

onnecting the scraping evi ce

base pl at.e,
shﬁ'PPPPORiMéﬁe heatexggnper shawspinfigwedt the top web

fr e scraping device in fig 4 with a scraper
) com&%{] ed t ﬁgﬁ’.@ IS a cross-sectional view taken along fine 3-3 in Fig. 2.

20.

25

{0024] Fig. 4 is a side view of a scraping device for scraping one side of
a plate.
[0025] Fig. 5 is an end view of a base plate, connecting the scraping
device to the shaft,
[0026]) Fig. 6A is a top view of the top web from the scraping device in
- Fig 4 with a scraper connected to it.
[0027] Fig. 6B is a top view of the top web from Fig. 6A without the
scrapers.
[0028] Fig. 6C is a top view of a middle web of a scraper.
| {0029] Fig. 6D is a top view of the bottom web of a scraper.
[0030] Fig. 7.is a side view of a pivot shaft, connhecting the scraper to

the web.



[0027] Fig. 6B is a, top view of the top web from Fi g.

6A W thout the 25 scrapers. [0028] Fig. 6Cis a top
view of a mddle web of a scraper. [0029] Fig. 6D is

a top view of the bottomweb-of a scraper. [0030] Fig.

7 is a side view of a pivot, shaft, connecting the

scraper to the web. -7- [0031] Fig. 8 is a side view

of the scraping device used between two plates.

[OQEEH1] Fi g. Fi§ Bds @ $ide vieweol thie ddneping lieVicernsetdebetween two
scr%gi ng device in Fig 7 wth a pair of scrapers
cofffetted to it. 5 [0033] Fig. 9B is a top view of the

we m Fi g.. 9A Wit hout. th scraper 0 ig. -10.
S TgR " iy G W4, i BP0 e BipvG oMo 1P 7
S Cwéthianghir ofescrayeers pofmegtedo if 0035] Fig. 11 is a top

view of the sections in an alternative puzzle-type 10

sar fe03ggnent gt W8eis aheppliatvest tHO0&B)] fribig frige 9A withiast the

10

a trang,’%arent vi ew of the heat exchanger shown in
Fi gUPB®P1, with individual flow channels renmoved for

LR |0, MALES KD S PRES0 BB Dhgh Ut Bhoin

madevnide ind-ige®.t i onal side view of a portion of the 15

heat exchanger shown in Figure 1. [0038] Fig. 12b is a

mafPiiBs] ed - sddig.i Dhiala pdéew bitve aicliomsaintaer alternative puzzle-type
ration, of the rtion of the heat exchanger
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ho oﬁigus’teem ,((jlﬁliﬂ!l Hlmiﬁidaa!i ﬂiulws chanrelsz Fintan\xeﬁp{e:d r alariyn g;ie ﬁithanstrate flow
e vi ce. has ,on ope .inlet .and one outl et.
b kel B SR Wotio DR pe BhoBRBef0f The hont
in. Fi 14, with i.ndividual f]
oHBRREPS R oiRd i & afiies sestohl A ids? F 3, porth of the
heat exchanger shown in Figure 1.

[0038] Fig.l 12b is a magnified sectional side view of an alternative
conﬁgurat{on of the portion of the heat exchanger shown in Figure 12a.

{0039] Fig. 13 is a top view of the sections of another alternative

puzzie-type arrangement between the plates.

[0040] -Fig. 14 is a top view of the sections in puzzle type arrangement

when the device has only one inlet and one outlet.

[0041) Figure 14a is a transparent view of the heat exchanger shown in
Figure 14, with individual flow channels removed for clarity to illustrate flow

paths taken by refrigerant through the heat exchanger.

[0042] Fig. 15 is a top view of another puzzle-type arrangement of the
sections when there is only one inlet and outlet.

[0043) Fig. 16 is a front view of an alternative embodiment of the ice

machine where the heat exchangers are situated horizontally.

{0044) Fig. 17 is a top view of the collection pan and sweeper
arrangement of the horizontal embodiment.



pat hs taken by refrigerant through the heat exchanger.
25 [0042] Fig. 15 is a top view of another puzzle-type
arrangenent of the sections when there is only one
inlet and outlet. [0043] Fig. 16 is a front view of an
alternative enbodi nent of the ice machine where the
heat exchangers are situated horizontally. [0044] Fig.

17 i top View .t he ,col L.ecti.opn pan and sweepe 30
arr Egﬁsdent o’f: E}t hfeg Hord JIheagw e%g‘& FERPING gi’é%{CSOE%] use with
Fi g.hotigontgi platesp vi ew of the scraping device for use

wth horizontal plates. (0046] Fig. 19 is a side view

of dP@4]ai r oFigs dPdparside vewsif wnk tpairasfusirypers toaginafaneously

t wo b 5 [0047] Fig. 20 is aside view
of g@%rphéi e@?’gﬁﬁ{ﬁ"g&&e@mm for scraping a
gor i al plat.eoqt00 Fi .is a top view of the .
scr&pl_na el en@ﬁt 2 ksa%)é% Vl’er‘iﬂg 8%%%'39?&3 ?'ﬁgte’?é"e‘% for scraping a
hor hedranial piatet e. [ 0049] Fig. 22. is a perspective

partially transparent view of an ice- 10 making
nmaclM8li n addgr d4rse tep vievanbtheescrapingdilament tHat iiin contact

pre ' ' [0050] Fig. 22a is a side view of
the%@&'}ﬁ hgﬁzgﬁ%%t% Figure 22. TDetailed Description

of fdpagfENbodigent, L Ref erence i s nmade to ,
i ol RAsE o NLIRIE 22 12 4 BRlcti BRARNY tetnPRERt oew, of an ce-
@ ccopliagceaghing i Accardameb vithnamithef enftodimeseof the present
invap%'tm. The ice maki ng machi ne 10 conprises a
plurality'of flat plate heat exchangers 12 within a

su framg, I st,em 15 gnd a. | i.qui
S’ oy tidazede BERRN ol egRleln Shtin riditk 22
heat exchanger is nmade up of a first outer plate 42,
a second outer plate 44 and an inner |ayer 45
POThddqfEE , | L St second outer plates
42 % 44%1}5%[%}“%%&ﬁﬂ§é{ﬁ6§ m%p'gcl udes a plurality of
qenal | portions 47 each of which has two | ongitudi nal

[0051] Reference is made to Figure 3, which. shows an ice-making
machine 10 in accordance with a first embodiment of the present invention.
The ice making machine 10 comprises a plurality of flat plate heat exchangers
12 within a support frame 14, a scraping system 15 and a liquid supply
20 system 17. Referring to Figure 12a, each heat exchanger is made up of a first
outer plate 42, a second outer plate 44 and an inner layer 45 positioned
between the first and second outer plates 42 and 44. The inner layer 45
includes a plurality .of wall portions 47 each of which has two longitudinal
edges 49. Along one or both of the longitudinal edges 49, a foot portion 51
25°  may be integrally joined to the wall portion 47. The one or two foot portions
51 join the wall portions 47 to one or both of the outer plates 42 and 44.
When joined to the outer.plates 42 and 44, the wall portions 47 separate and
define flow channels 53, which are used for the transport of a refrigerant
through the heat exchanger 12. The channels 53 are arranged to provide a
30_ flow path of the refrigerant between one or more refrigjerant inlets 32 and one
or more reﬂ'_igerant outlets 34. In the exemplary embodiment shown in Figure



edges 49. Along one or both of the |ongitudinal edges

49, a foot portion 51 25 nmay be integrally joined to

the wall portion 47. The. one or two foot portions 51
join the wall portions 47 to one or both of the outer
plates 42 and 44. Wien joingd to the outer plates 42

and 44, the wall portions 47 separate and define flow
channels 53, which are used for the transport of a

r ef rilgHieaheat Q’tﬂh@ugﬂ thés stestn badhgihgeinldR. 32ThRd two outlets 34,

chanp id 30, 1 ow
Che  FoNSverot SR Soss bl i ot e Phanal 12 otk tower or
32 afi®refdets g2 afdrmltietsffm gerant outlets 34. In the

exenpl ari/ enbodi mrent shown in Figure 9 1, the heat
exc EEW&@ 12 i flewpath isamdag;tdamtmamhqtr&eiiﬁe anaf thdhnels formed

e rnativel ossi pl e for
t he ﬁ%gtegg% anger %Se'i ‘ih%%% Eﬂ%st agﬁ "ﬂ\%pl@y?r ﬁ)“é‘f aghfrom a
and Hid | iates teaa pmmatmg flhlldv\b?tbdth Bys cuﬁtﬂﬁt,Sttﬁl@deW flow path
_conp nel,s fo

' sand%béﬁ'eg{eth ﬁ/e%lr? %P"BI% %’r E’%nﬂf"’l’ ﬁ’ﬁ‘ﬁ? i’?"c{“ﬁﬁ’éﬁ“ ghdplet and
I ealootﬂlﬁbrﬁ heingl umdbrstnbﬁtthatoozay COSRRIALT Agjabbnt n§hannels that are
out the t
tae Fnedin BAPUIERShrandction hiduohoelP3 enotbdbaden eath (through
0| @il itk inoet layer sedtidneipagicipatiag & aRdadW ﬁbthosﬂalghéht) belong to
ser i pTﬁ ﬁ% ﬁ,‘cegte channel s that are . aligned
par al arr geé' nt throughout the length the fI ow

: pat roughsl ner | ayer sections

“part ngatl ngRl r?rll](‘éa 'ISIrB eptft ﬁ‘gg@gh%nﬁylﬁﬂ'%@et%a" pofdion 47

-samto thegowet: pldtélﬂaz]anﬂeftlea@ﬁt? ¢hd @oﬁ?ﬁgldggt{l'r %ﬂcgfalegdvaéltages

andja%’l4 gﬁq'h%dqt heéla VaB n'éﬁé'aéihe étéﬁt‘bparhoad%rmasgé@ made

‘aref&m‘v@'mdﬁn Sbahaguaelagay| t
| de 15 rel ativel g S?’h%%a nt.f(ﬁ\:?eﬁ\;\?ﬂ igaﬁ)?fo?ﬁ&?,@ 47 and

T eI 3?%?@??/‘1”3‘?‘3&%'0%%@3% e\pasitioped thetween: theandter plates 42
assand a¢4ed TRt inPAirh| %@ldéé ﬂﬁtah@elgo e%te?nr%jrng d‘t structural

the ou Bl ates 42 and urn provi
rel BE @ erﬂ’]ﬁtﬁ!\d SﬂCOS@ outar plates 4@&!1@!9443 Thls in turn,

: betmguté%%é'rfe%t e 3? 99 F&Es‘t‘ eRlif aﬁ’éa%ﬁ}hael%eégxchanger

This, In turn, con res t eat exc
24 o When fefigarant ssmculatadrthrdmgauheemmﬁa ua@ewmessure
refrigerant is circulated through the channels 53

und@95k essulbe hexisuchanger Heamaptehexpted B bB)préssurized to
X REVESh LBoREH %fgstfd?Zlﬁgja) ahd about 300 psig (2070 kPa), and may

thus be configured to withstand at least up to about 300 psig (2070 psi).

However, in some jurisdictions, the heat exchanger 12 may be required to

25 withstand pressures that are higher than their expected maximum internal

- pressure during use. For example, the heat exchanger 12 may be configured

to withstand as much -as approximately 450 psig (3100 kPa) to meet local
regulations in some jurisdictions.

- [0055] By having relatively thin wall portions 47, the overall surface
30 areas of the plates 42 and 44 that are in contact with the wall portions 47 are
relatively low. This permits relatively greater contact surface area between

‘ the plates 42 and 44 and the channels 53, which facilitatesimaintéining the



bet ween about 30 psig (207 kPa) and about 300 psig
(2070 kPa), and may thus be configured to wthstand
at | east up to about 300 psig (2070 psi). However, in
sonme jurisdictions, the heat exchanger 12 may be
required to 25 withstand presgures that are higher
than their expected maxi mum i nternal pressure during

use. g‘ﬁ %5_( ng t he heat exchanger 12 may be
conf PiFSE2 apd 4diat sslested tamppiatireas The thicknesatofthe wal portions

psi 94733 @Bowhadt Tw. MRtinlRAals T{vetﬁlf‘lg?)?ez/e e:-{aﬁnqje.v\%?qroxmately

juri 0055] By having re
por t Iﬁgjr@t‘ @E {3 ha ehannet width betwesn :m}mt oharirfeb-defining pairs
pl at ebwhf poibrisda?, Netsralm éﬂ“y\i‘co'%@%a gtgrﬂ;%;?rgxmatety 3/16" (4.8

pgrtlos47 are relativel hi's
| afiWeltys yrdarstopd éféﬁ’(tﬂa%ph&ma‘l wirtth SVeasdt huEsNunitdié and that

" pl at 4
faci Egata'é?“@hg“fdﬁﬁg.%ﬁrﬁ b AT oPfe HBhiS 53 uhersinyghere s a
sel Ho@téﬁtd@ﬁe&f?g? with 1"&19utehplatese%arm‘ 44he wal |

portfgﬁg 47 is shown at Tw. The thickness Tw may be,
f.or g’pl appr okhereatisl of the valiqsorfiéh thickness Theto the channel

charwiaih Wc.thnyé l@%@ Qh&?lagg%}&m@*é&gi‘ %laﬁg%{?:g?pg e ably Between

wal | portions 47,
: gﬁpraé’f?f fleiy d@rl&s ‘and4 a@pamnmelw t1: :@ mmd@r%rte%?ﬁblyhﬁ;ss than
t he apprsxig e ot i form an
term" channtce3 ig r!bgf'g]rag f%egwﬁ%'?tla!?ﬁmé‘fm?tﬁb’ 1:20 and
chafRBIoXEmatalyet:25, rsuchn as dori e:xamplé hpprdxﬁfalélﬁelmz.ﬂt erface
vvlth t he outer Rl ates 42 and 44. [0056] The ratio of

t hel9B71 por tByhaving akeletiseligreaed mnbér&sf%bctumdﬁan%rs (ie.

ma

S B ol i s 1 .
thisknreges 9f theofst amnd eequejf ﬁlb?@t% kA& 14t hap be: keplt relatively

a i et ween approxi mat

1ng8Wa(l gﬁ’é glp%l?n%;%l‘?f%sa?la{]h? fmallz%nde SERAN da:gatpgp 2e30th i @re Shown at

apptRkiandt €3 rés@attely| ?@Eé%tﬁ%}tt&%@s‘é‘sn’(ﬂ pf drfel ?BQVrﬂlle each be

r ural menbers (i e.
gofﬁpgés&%%if@e@&e@"‘f'ﬁé’rf?ﬁ%t and second pI ates 42

t he i ckpess of the first and second
it‘)&éalﬂ angﬁgéf &Eﬂf”ﬁ giﬁhqté}fgtqooeegleqi dovtherwell portions 47

20t hll”@MaesﬂBd(rﬂi; tmethtat Frigly {
s ht szﬁ’e?g;%ggr??%goih% @ﬁk?‘\gssaw/ 8fthe wall

p
°i‘%g1§s‘bf The Qﬁapﬁr'a?"w @rsmreteéablappiaoxelmmal 30 that they
0 W@ﬁe@rdla’ﬁvew littRS® the cooling of material deposited on the outer

_ surfaces of the outer plates 42 and 44. The foot portions 51 permit the joining

of the wall portions 47 to the fi rst and second outer plates 42 and 44 over a

25 relatively large surface area, thus providing a relatively secure and sealed
joint, while simultaneously permitting the wall portions 47 to be relatively thin.

[0059] - The wall portions 47 and foot portione 51 may be integrally

. formed together in a section 40 of corrugated sheet material. A plurality of
such sections 40 may be mated together so that the channels 53 direct the

30 refrigerant along a set of selected parallel flow paths between the inlets 32
and the outlets 34. The flow paths may be made to be generally serpentine to
increase the amount of heat transfer that takes place per unit volume of



[0058] The foot portions 51 that are connected to the

wal | portions 47 20 have a thickness Tf, that nmay be

the sane as the thickness Tw of the wall portions 47.

The foot portions 51 are preferably relatively thin so
that they interfere rel atliely little in the cooling

of material deposited on the outer surfaces of the

outer plates 42 and 44. The foot portions 51 permt

t her Qfﬂg@amhaﬂfovisl"lﬁrd’é%H the Pkt Qﬂﬁnaﬂ@ert V3 t'h‘Fa ﬂce'nhs%erﬁaﬂtme is

second outg.6 (?I at es and 44 over 25 relative
| ar GREAITPIR & 3/flow path segmest wherein ﬁ'er@rempw grasiggw Gsing

da sglark t |
el Do S COlte N6 | deqre T hIRABE, U 1RE libh DborkiBR) or
wal MRstizielnusing A deagloenporedtenandla seofioheinterface) partially
s ntregeky )ét iéé%ﬁ '@Qetzﬁ%ebhiﬁé )&H?tleﬁ} zaﬁﬁl: 9&%[@0:118&8[@ times in. an

corrtgjgl%§ sheet materi al

sediNdyfling patiar. Fer sxarpale; sgshpwn i Figuratl3; He viikepaltern of
53 ahRsls f§ I !

o AEA 2t B DR e thaf kB Gy SE i S G A S single
outflovtrathgegnrpat. f | ow pat hs may be nade to be general ly

seré)entl ne to increase the anount of heat transfer
t hi9068lkes pMaling Hea innar fayeor b ionpa plurslityraffmatingy sextions 40

10t hat cf)}rﬁdﬁe& '%h@é’t%‘na%é?ﬁl E e%xg hapgd tlo%mn-g”]ﬁ ghe ﬂé\ﬁtpaths

serpentine' to a

- mef%fiCWStﬂw@leuwe'afdhmovalkeg sguat;imluoyh {usimg of ﬁ:qulvalll poitibyis 47

Of 319@ ifh Qerilrﬁ;oofﬁ\%r &&tet gia%%g aasmt Qli%s sgot lgﬁa& cgesr g (ar{s:aiveiy

I rmedi at e (usrn one
se@?mﬁﬂﬁl\fﬂ way @é@)conmraﬁmg tl‘geséladaam:ageduafedt&r@stmm heat
r nul .t
ncla P P22 SeBriodReh HEHE edery it e pfiaier s gt Ration

15 13th0uglee thelr |shepepairt plam wbw aranoelimited it hyseay i tdntraditional

e repeated nultiple tines in a single
owp HE t [0060] Maki ng the inner Iayer 45

I . at t
-cﬁ%&?ezrih e Rideh 6 il braady, Gcdetine: ap cndyating
f qattehre of bemispwhias sery m/ddﬁﬁia thel l@él ti M9t Widthioh tN@lchﬁﬁhels

SRR e TR e e St o ahage ot b

20

25

- 30

'pltlm'lbéeasas rmbattameioythe Eﬁéﬁ?ﬂﬁt\ﬁﬁd%i’espfthe dimensions of the
ﬁ egratlnat hese advantageous features into the

XeFdieamat leaskparially sRRlaner swiface wiativecto the euter
ppmés%Q lali@ 44 0This G:Hbﬁhbp&rfé’o% Fdteved'td hgkin %&?@: 0 &JHIOI‘IS
g pg?nofvthee Véhgﬁﬁelnﬁéus' Ih?staemdlttrl] V%fn%lat rela:e% ttoran aval(l)arl)le contact
surface sufficient to form a joint with the outer plates 42 and 44, when the
corrugated sheet material layer is sealedly joined to the outer plates, for
example by brazing. This contact area is maximized when the bends are
formed at 90 degrees, however it will be appreciated that bends having a
- partially curvilinear pijoﬁle could be used to advantage albeit with a somewhat
lesser contact surface. It will be appreciated that the smaller the foot portions
51 are, the greater the surface area of contact that exists directly between the
refrigerant and the outer plate 42 or 44 (see Figure 12b). Thus, the

configuration of the corrugations can be selected to provide a selected



puzzl e- pi ece shapes. [0061] The term "corrugated" is
used broadly to define an undulating pattern of bends
whi ch serve to define the height and wi dth of the
channel s through which fluid flows through the heat
exchanger. The shape fornmed by 20 the bends is

i nportant to the extent that?"it defines the di nensions
of the channel including an at |east partially

c Om‘&l%ff b%’tWéé}Pﬁnera%&]dt ¢ sézﬂm%; %rfgbg §Fea ﬂcﬁﬁ%sarﬁgurﬁ'?ﬁ direct
44. Thi s copl anar surface erred hereirn as th

f oJiU'CbEﬂ'Wt@hBlanPnéﬁC’lthfé icdesiedl wal I s has a width W
that relates to an availabl e contact surface

suffPPE?lent 6 Telnatechcprfigvratipn:af sesionsuf@fis prayided inFigure 1.
a”%&dﬁaon‘é{h%enﬁdlﬁan"cﬁascef éé&ﬁhsdﬂ.osbvﬁ%h Q?BK/%' éﬂﬁePéM %w paths

seal edly joi ned he .outer plates, exanp
Sr abgtwgen PﬁBsOfc'@ﬁtQad‘t[etar?c?aaﬂ@ amgx9hinper] onflets 841 @r@@rﬁ'@yn in

ar EFlgur@E nRd 4at 120%ends Sre SRIEIY, | Hi (WeF 1,01 and 13 show a

appreci ated that aving a part y ‘curvili near

'- pr dfaat @xdmg@r i witea s cidipwnpalhe betwesgn twp imlets 32 and two

appr ecl at ed?ﬁﬁs ?ﬁ%hgﬁltgl ?@r“j ?he oo?wgﬁ‘lg an‘%‘t‘éS qﬂ of flow

~ar @athshetyeemone fmﬁéwqweolaleé%of cont act t hat

exists directly between the refrigerant and the outer

10p| 40@6312 or Hach sentiomid@unay beisut aTamon-zefie angle relative to one

' ‘;?2’5:%%%%% i, SO R e e

s e aldngdghein mwjeedaee,athamanh@s &¥dformed by dhe eotrugations change

krg?tfogn l@é@iﬁg)rnspée%{lgn ﬁ80¢ fh%t of Q%edﬂﬁa%? | fl‘?edSe(L 8]%6%|r$ﬁé‘n 40

aration sections I'S provi
F| gmmjttbd to Addiher sactionctintoi apangé thenflove tireeticin agedn,4Mhd so on,

s ol PR 4B, R it R Yhciniet 835 BRC MR | o

Fi gactiom 40,mdy indddeaall doﬁtigm&!seaﬁquréllecahbunelgl a;tuat@s given

1, 11 . and 13.show a heat, exc

(] Bw"bafr?sswmgﬁ"?w%eﬂg@ﬂaw i’ Gyl girggtions to
Fi gne afothér.and 15 show a heat exchanger 12 with a set

of flow paths between one inlet 32 and one outlet 34.

10[(1(1@3133] Eate inaet lager @myn&led@ bh clterariryP4e Z@E@aledly join
I e reI ative to one ﬂﬁggacent secti ons

5 qeE00NE PltEs (13,200 A0 aa'?%é'ﬂ?fgputegpsﬁgheﬂes to
t hﬁﬂeﬁre%@ﬂe&k’@ﬁ%f iRy T RRBLR fon® thd BUEER Hphéids of the heat

corrugati ons change
exchanger 12. Apertured mounting tabs 50 may be provided about the outer
ring 48 for the mounting of the heat exchanger 12 on the support frame 14.

- The tabs 50 may receive therethrough tie rods 100 (Figure 3) which mount to

- 25- the frame 14. Spacers 22 may be provided on the tie rods 50 between

30

~ adjacent pairs of heat exchangers 12 and between the heat exchangers 12
and the frame 14 to fix the one or more heat exchangers 12 in selected
positions. The outer ring 48 may extend around the channel portion of the
inner layer 45 (ie. the sections 40), and also around the inlets 32 and outlets
34.

[0065] The term “sealedly” is used to refer to a property of a three layer
sandwich (i.e. the two outer plates 42 and 44 and the inner layer 45) which



direction fromone section 40 to the other section 40.
The second section 40 is abutted to another section
40 to change the flow direction again, and so on, 15
to establish an overall flow path fromthe inlet 32 to
the outlet 34. Each section 40 may include al

conti guous and parall el chddnels at any given point,
or a section 40 nmay incl ude paraIIeI flow paths in

opBFé%! sdégcg tﬁ’eat 841‘6 ahﬁnﬁém the
et AR R B0 kgD

a er e an O sea
zothrﬂ%!a‘yer sanca»wqh s'dmm tmrapmswzsmm p@geunee fin the range

abBWJ?l{vggh ab8 @(5 PQﬁ (3@6‘?!5%1 tbgut i1 ¥§Iﬁ éZ(Sﬂ?kIL" ats%gﬁularly

rigeran rom fter per es o
hewhen dhe Ivserdien l&2i rem@ramrmb mmmlanng) jaibshé Maymes irbsuch a

5P QUSSR ool BE W Elgd ERBatd Bl Lo Bb S eRlgerant

t he € su
tabscabﬁcrmwﬂ*edmatexeﬂmget h2ough tie rods 100 (Figure
3) which nmount to 25 the franme 14. Spacers 22 may be

- pr [0@B6EEd on Thedhadt excloaiger 30 rpt ivbena shaft passithrpagh aperture

0559 SR AT Hich R R IhE i T Wil RHELH 8  traper

exsystang d 640 pass thesethemighdor cmniebhmts) scFapere @6asn bothgides of

10 ' 0B NerE S EnGH L Clni Soblbied IR {ol ofe o TN, eo.

s ”””T'Zé’?z"“‘deﬁ‘;“é‘"gﬁﬁ s GebcBds o Al Udne teeheat exchonger 12
@%ﬂ %ﬁmﬁﬁq it s FisonRs Tl 81 nt bs 42 and. 44

HoREE, ' oxdhe %ewsé‘e??ﬁ”“ Gt & inBer g 181 ngh Soflgal oins

t ithedirdtagreel sé@ﬁdel@fésV\#E anat44huogbth|@r ety Brir inbéhp@dpheries

o Fist U bR S 5o eyl ek o S o

t Hrorred WA PeripHefies of Hedat ekcidhgemer tant to join
the layers in such a 5 seal ed manner so as to preclude

erooesinent ghck GRU/S ﬁéataé;@hhn &f dongfin@hts, IRIGHRG tHirst and
of thse] heat exchanger [0066] The heat exchanger 12

nmdgenrd Plates (g @angdadd. #m BIgR aayepw@r dinggs46 and 48 and the
t RRERdAY QD9 hiapMbeC hddR! frohS at S&itabld YVieatehal tsubf 4931 nidallic

part of the scraper system 15 to pass therethroug
20 f gnatgt@dinecti on to scrapers 26 on both sides of

-+ [0069] The joining of the outer ting 48, the inner ring 46 and the foot
- portions 51 to the outer plates 42-and 44 may be carried out by any suitable
means, such as brazing.

[0070] An:exemplary flow path through the puzzle-type arrangement of
- 25 the sections 40 may be described as follows, with reference to Figures 1 and
' 1a: Refrigerant-enters the heat exchanger 12 through the inlet shown at 32a
and travels along section 40a towards inner ring 46. After travelling through

~ section 40a, a portion of the refrigerant is directed from the end of the

- channels 53 in section 40a into section 40b, changing direction and travelling

30 alongside the inner ring 46. From section 40b the refrigerant flows into section
40¢, and on through into section 40d, where the fluid changes direction and
flows away from the inner ring 46 for a brief period. The refrigerant flows from



10 the heat exchanger 12: It is contenplated that for

sone enbodi nents, eg. when the heat exchanger is used

as a chiller, then the heat exchanger 12 need not

have the shaft pass-through aperture 55. [0067] The

i nner layer 45 includes an ifaner ring 46 that seal edly

joins the first and second plates 42 and 44 together
nner peripheries 15 about the

al on hei
pas SS%P{iH 4@% Lﬁﬂé It sectn 40cqalpng:e glifferemtescit @f kbaymets than were

r ef ntaiger gib tsecfié h ri £
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Agraat ‘?"H% pach Iﬁ@ ?een‘élon “Pb tanémen sakdntd sEctioed042As can
and békech fbg th8 "fﬁM QHQNQ %befherﬂeﬂ%%r 4‘? é:%ﬁgnuneét pgz%sg\gr}ﬁrough the

ectiops 4 from a=sui
o REEONs 46k At i 69362'@8 ‘the ootlel shqwe089 B4ZheTHeofiow @t shown
t hebemledh fHeGnids. 32faht%glg ”§féa trbhé‘%afb?wﬁ”d ﬂérn‘rﬁ frgegt of the heat

portigns 51 to the ou
car BXYE@ngeR 18yshemwn @ulFrgam ¢ Ihwilhbe retahtias shrr@zpmon of the

LoOatarblo L I Bl L Pl B

-f ol PHWE angther qusrtar of dwe heatl-'emham;sarlj 2anRefrigérant also ﬂows in a

1

dRef Siilgr fatte 12 .th ugh t he
inlet shown rﬁ%rggghttlgeﬁgll‘%a%\?@ %?En{j’ %%‘3"(? e fyffets 34a and
towtfds inner ring 46. After travelling through

section 40a, a portion of the refrigerant is directed
frdAPTHe end!tovill bacnotehthatd at 1B3st sonseof tmdhﬂans A0 Osuch as

- SeGlekfith 46, thﬁn@ﬁgepa%tg{?rvg ta'nl(%&%&%g%%‘éﬁéi'ﬁ'@% ipRne direction,

al ongsi de t'he
r efandgiongnethet chenrietd i tseoppaite df@etiorand on t hr ough
into section 40d, where the fluid changes direction

15and00%2ons addgitibnally, thveill ibeneoted Ithilﬂ %ttfeojblrﬂs betvden at least
d

- Peishid 3_ he o'i’eécfd% S a%tg ltg%%m%cg 23 é%d@nga%%\%égnn a4gort|on of

back |n sect
chagelising 4uwhanmne tHeadtemnblr 581 et &€ boafe 4Rfed. Oé%h dRat the

h f
aleio8pA0ond baRk BEHSERIb Fores onme rﬁﬁtr{siaggé%f%ﬁeasggﬁme of
Astfwajmmtb@emwn ladjcBAt E&QNNS ViEDY the EHE?):{ rﬂS%E?PLp at

nLi,npues, passi t hrogugh the 5 sections
3%%8? nglgs. %ﬁﬂp%('t'%ﬂﬂ)ﬂ path cambe mrgyidedow pat h shown

the inlet 32a and 34a runs through one quarter
Eo\ﬁﬁgf hea It will also. %e noted that, in some other%omts between at least

some pairs of -adjacent sections, such as the joint between sections 40b and
40c, the channels 53 meet at obtuse angles. Such joints can be provided
between successive pairs of adjacent sections 40 to pemit a relatively

25 gradual change of direction in-the flow path of the refrigerant from one

30

Jdirection to another. - For example, the flow path provided by the heat
exchanger 12 in Figures 14 and 14a includes only obtuse angle joints
between adjacent pairs -of sect'ions 40. In the heat exchanger 12 shown in
Figures 14 and 14a, the overall flow path has a shape that follows the
generally annular shape of the heat exchanger 12 and does not double back
on itself. By providing at least some joints where channels 53 meet at obtuse

- angles in adjacent sections 40, the pressure drop i'ncurred in the overall
change in flow direction is reduced.



1

exchanger 12 shown in Figure 1. It wll be noted that
sone portion of the refrigerant that enters the heat
exchanger 12 also flows to the outlet shown at 34b in
anot her quarter of the heat exchanger 12. Refri gerant
also flows in a 10 simlar patern through the inlet
shown at 32b, to each of the outlets 34a and 34b.
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o ' PETEN Shely Foieh S pis 1A endeRdec apmpHSly 50% (o
It irﬂ]qmgﬂﬁﬁtély Qg?eﬁdifl tgé %Ggél?ghﬁér et 4% depbhlifG ' beriath factors,
such v%eaher of not the heat exchanger 12 has a shaft pass-through
aperture 55 and the overall size of the heat exchanger 12.7 In some
embodiments, the flow portion méy cover between approximately 75% to

25 approximately 90% of the area of the inner layer 45, and preferably at least

30

~approximately 85% of the area of the.'inner layer 45, and more preferably at
least 88% of the area of inner layer 45.

| [0077] . The scraper system 15 will now be described. Passing through
the heat exchangers 12 which may be aligned vertically in a generally parallel
position is a central shaft 16, which may be supported on the outside of the
frame 14, by a pair of bearings 18. The shaft 16 is driven by a motor 102
through a gearbox 103. A plurality of threaded rods 100 pass through
apertures 101 in the apertured tabs 50 which are mounted to supporting



of the heat exchanger. This reduces the overal

pressure drop experienced by the total refrigerant

fl ow across the heat exchanger since pressure drop

varies 5 proportionally with the path length travelled

by the refrigerant. [0075] There are tradeoffs well

known in. the art when increasing the path |length of

t he refrlgerant On one hand, |onger path | engths
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bncergfeddtvethe SIRA0LRY i B FRbaadrr ot Framyozgtest 3 For a
15heaatcr@mm dagoee ZBZthka)t {scmpee the lﬂ@mhﬁt&ﬂréa%gio?/éhtahbew ‘nozzles 36
por et ween approxi mate ot 0
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an plamee hezzdd \36abn! saﬁiraplﬁ@ Pheshdmdg | 28 Qﬁa(f’ 95rab§§ %eﬁlates
nore preferab
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heat e c ers 12 I cal I
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16f It t
16 a b ntﬁegﬁoggﬂ;ﬁgﬁh@@q\gﬂe%ﬁgd gﬁaﬁedi%-%aéélﬂﬁ%ﬁ is then
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t hivagd ffpdged BA% Rt helibs i hine 10. A plurality of insulation panels

60 are bolted to the frame, creating a thermally insulated compartment.

25 [0080] With reference to Figures 4-10, embodiments of the scraping
- devices are shown. Figure 4 shows an outer scraping device 26 which
comnrises a carrier tube 54 that is boited to the shaft 16 by use of base plate

56 (shown in Figure 5). Welded at the end of the carrier tube 54 is top web

62, shown in Fig 6B, while middle webs 64 {shown in Fig 6C) are spaced

30 evenly along the tube 54, and bottom web 66 (Figure 6D) is welded at the
base of the tube 54, near the shaft 16. A plurality of scrapers 58 extend along
‘the length of the carrier tube 54, secured to the welas. by a pivot shaft 68,
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apertures 101 in the apertured tabs 50 which are

mounted to supporting -16- brackets 20. The rods 100,
brackets 20, and spacers 22, may hol d the heat

exchangers 12 in a vertical position as shown in

Figure 3, and are | ocked iq pl ace by nuts 24. [0078]
Bet ween the outernost heat 5Rchanger and the frame 14
is b5 positioned an outer scraping device 26, shown in
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at the end __of

56 in Figure 5 t he
\gpdty@ %qugtet @ﬁowgbshafts 68 (shown in Fig 7) Each pair of
scrapers 58 along the length of the carrier 84 are separated by a bumper 78.
A bar 90 is welded to the webs 88 and secures bumpers 78 in place. The

- bumpers 78 push the scrapers 58 away from each other and towards their

respective heat exchange plates 12. This design aflows for easy maintenance

~of the inner scraping devices. . ‘Rather than reinove the flét plate heat
exchangers 12, all that is needed is to remove the bolt 86 and the hollow
carrier 84 may be sfid out from between the heat exchangers. Furthermore,
because the carrier 84 is less than half of the diameter of the heat exchanger
12, the necessary service area around the ice machine is small.

[0083] Shown in Figure 10, on the opposite side of the shaft 16 from
the inner carrier 82 is a spray tube 92 which is welded to a base plate 56 and

- boited to the shaft 16. Along the length of the spray tube 92 is a plurality of



62, shown in Fig 6B, while m ddl e webs 64 (shown in
Fig 6C) are spaced 30 evenly along the tube 54, and
bottomweb 66 (Figure 6D) is welded at the base of
the tube 54, near the shaft 16. A plurality of
scrapers 58 extend along the length of the carrier
tube 54, secured to the webs, by a pivot shaft 68,

17 shown in Figure 7, where its shoul der 70 secures
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™ hg s%?asplungndgxlml:gs\/\go.’fz 05016%%4’&3 Ithrc]etcgequgg eWhen the ice passes the

outermost edge of the plate 12, it falls down into the pan 206. Figure 17

25 - shows a top view of the pan 206. In the pan 206 is a sweeping device 203

‘attached to the shaft 16, which totates together with the shaft 16, sweeping

~ the ice that has fallen into the pan 206. The pan has a perforated section 212.

. As the sweeper 203 passes the perforated section 212, the ice falls through

the perforated section 212 and lands in the sump 205. Ice is then pumped out

30 of the ice machine through outlet 204 into the storage tank (not shown), where

the ice is separated, and the water is pumped back into the ice machine 210.

. Bevelled corners 207 ensure that when the ice falls into the pan 206, it slides
down into the section of the pan 206 reached by the sweeper 203.



of the inner scraping devices. . Rather than renove
the flat plate heat exchangers 12, all that is needed
is to renove the bolt 86 and the hollow carrier 84
may be slid out from between the heat exchangers.
Furthernore, because the carwi-er 84 is |ess than half
of the dianeter of the heat exchanger 30 12, the
neceg around the ice machine is

service are
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shaft. 1 mvj,ng the jce-water mxture from
Su?%'rggé%g#é?ﬁ'é h‘@afzaaﬂ, Inner scraping devices 202, that are situated

~ between two p_lates and scrape the sides of those plates simultaneously, have
the scrapers 220 welded to a holiow carrier, which is then slid over an inner

25 carrier 82 which is bolted to the shaft. Nozzles (not shown) are directed at the

30

- . plates 12 from the carrier in order to spray the liquid to be frozen.

[0089) l_n ..‘the_ﬁgur_,es, the inner layer is shown as being made up of a

_ plurality of sections, which fit together in a puzzle-like fashion. Each section is
~described as including a plurality of wall portions and foot portions, defining a
plurality of flow channels all of which are integrally joined as part of that

| section. It is alternatively possible for each wall porﬁoni47 to be an individual
| _piece, which has a foot 'portion 51 integrally connected thereto along one or
‘both longitudinal edges 49. In other words, it is optionally possible for each



exchangers 12. The ice is pushed in an outward
direction directed by orienting the scraping devices.
202, .201 towards the outside. Wien the ice passes the
out ernost edge of the plate 12, it falls down into the
pan 206. Figure 17 25 shows -@otop view of the pan 206.
In.the pan 206 is a sweeping device 203 attached to
the iich rotates together with the shaft

EBFH’& 'WES PEPqdgd ona oF fwe feat PortianstdHetopenan individual

206. p“ébetmans individuale EbRRtRoIRE LR phatds. As the
sweeper 203 passes the perforated section 212, the ice

f al | 0088} ough Intthe MpkéNrat Ge Sﬁ&ﬁlh?’ ﬁngéﬁ?@tr}ﬂ:édql%@décréﬂers for

the is th unped o
rrachlcﬁgg{]ﬂ 8’&5@ (%ﬁt ‘Ffe‘?atg'ollgqtnrﬁyxéhﬁ'ﬂ&efst b s gltematively possible for

shovwne omineke heah@xdheAgers 16 Have s"f}-lbge I
punp & ack f| nto the |?:e machi ne 210 evel P&\@F& sc}ai)mg one
cor ners ensure that vvhenthelcefallsmtothe

pan @gg It sb_i qﬁ down into the section of the pan
506 P%lheq bin (e s ches-making madges st hpemghown to
dev iinelede8 blurd@y oﬁh@aﬁé)@:“ﬁngé}s HOYE 8 é@rn%ﬂg!% é)%%gwe' of any of

rier th a&lurallt sScrapers

scr %f"ez’é‘ grRgMachings E?e'f'clzsis apinglechaat exckangepri 2226, such an

18 r alternz€es,ithe
are ére i Ens gga%,ﬁ;ngffﬂg ﬂlcfdo%rgan gl?r%g %(?ﬁg@lz?rbeon BFQ Q%ch outer

A 55H SVBYY!. Butible updersiasidithal the inner werapep2@ weulienot be
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with the heat exchange plate 12. [0087] Scrapers 220

_ ar e[omasced a"ﬂ{&ldehrﬁaﬁlﬁ? erggi hivd! o ﬁg?tbe?. oce%?ﬁtléeoe a3 providing
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SUSREER By 36! Aot T o o8 YA S Sreen et 101 tht
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?(ﬁaofl nggsoéhﬁe}eqq(gxphgngers 12, the scrapers 56 and 28 scrape off the
ice. . The ice may be collected.by any suitable means, such as by coliecting it

25 in a suitable conduit connected at the top of the chamber 99.

[0093] Referring to Figure 22a, the sealed housing 97 may be generally
cylindrical in shape, and-may be comprised of one or two sheets 301 of flat,
preferably insulated material bent into a cylindrical shape and sealed at its
edges. The chamber 99 is sealed at its ends by two preferably insulated end

39 - panels 302 (Figure 22). Altematwely, the seafed housing may be generally
rectangular in shape.



design. Pin 227 is used to connect scraping elenent to
the hol der 223, while a screw secured in thread 228
keeps the pin 227 in place. 20 [0088]. In the case of
an outer scraping device 201 that scrapes the
outernost side of an outer pLate 12, the scrapers 220
woul d be welded to a carrier bolted to the shaft.

I nner scraping devices 202, that are situated between

two [9I088ks and: r@ﬁhmgt EE satesb@ft ﬂizmggﬁt&tilﬁ% chljﬁft 16 that passes
si ave e scrapers. wel ded to a

ol | SEABh o plNER: GekSq oh M i febe drovendiioseal can be
car raceomizhedby biny suitbld @dahe), SuBR a8 b9d pluliiBZdrgackingtings.
shown) are directed at the plates 12 fromthe carrier

in d0685] t o spitesnatibe configiuiratidng diehd rReRme 10088 HoskBle. When
nner . I Ng, maade u

tshe fi cadhe Layer is shown as be . mad p ,

5 a‘fa“ﬁfjﬁ’%§| 953 Sl Bhion o0l Gyidaes ot Tiesgeirdiatidh the Scraper

puzzlyeteim Kié fsanbl equirtd.C RighiRE Ma3Nbicughtl 16 'ddPekt afith the heat
ns an

i ncl ydi a rality o [, portio d foot
por 15 6ha%bee A umping ths R i 2nf ot ol e paambsroTihe cate
of  wiipeimpng detereesl thy degidtetd ahichant ilid Baooled by the heat
section. |t L5 alternatively possible for each wal

por ErGFWES 8be an individual piece, which has a

00 tion Jntegrally connected thereto al ong one
1ér i%dgéi I ong%ﬂﬂir}hﬁl ahoysedesayiplion eanglifutego pmbodiments of the
opt paesaht Yinpartivhb|ie Wlir beagppreddtedVahbt RRE t R8N lVention is
its assogbpt d o&& or two foot portions 51 to_%e an )
i ndPYTFRYP'e E‘?--éE figation; and nehanagu aithgut slepedingd from the fair
t hemeahiig dtltié 88cornmPiiYitg didinfshe figures, the ice

maki ng machi ne i ncludés scrapers for scraping both
si des of each heat exchanger. It is alternatively

ossible for 5 one or nore heat exchangers to. have

nly a single scraper for scraping one side thereof.
[0091] In the figures, the ice-making machi ne has been
shown to include a plurality of heat exchangers 12.

It is alternatively possible for any of the ice

maki ng machines to include a single heat exchanger 12.

In such an 10 alternative, the machi ne may include an
outer scraper 26 on one or both outer surfaces,
however, it will be understood that the inner scraper

28 woul d not be included. [0092] The i ce-nmaking
machi ne 10 has been descri bed as providing



liquid to be frozen via a Iiquid source through the
[iquid supply system 17 to i5 be ejected fromthe
nozzles 36. It is alternatively possible to provide
the liquid to be frozen in another way. For exanple,
referring to Figure 22, a seghed housing 97 may be
provi ded that defines an internal chanber 99, in which
is positioned the heat exchangers 12 and the scrapers
26 and 28. Liquid to be frozen may be introduced into
the eghameer 99 via a chanber inlet 101 that 20 may be
posi Tioned anywhere suitable, such as on one side wall
of the housing 97. The chanber 99 may be

sub . akl: kJ.led with the liquid to be frozen.
Thui%m?%%%#gé?agéchangers 12 are subnerged in the
liquid to be frozen. As ice forns on the heat

26 and 28 ff th
oo T e Aol IS PR axeinss, copiSte bl o means.
such as by collecting it 25 in a suitable conduit
connected_at th op.of the chanber 99. [0093]
Ref erri nga o Fi g\dﬁ%&ﬁfﬁ? ﬂt‘ﬁ’é"'gﬁal ed housing 97 may be

gener al | yb}cyl i mdiésssabné fiukinamet; and may be conpri sed
f flat, preferabl

of one or {wo sheets 301 y

i nsul at edmat er ?\aﬁrsi erj ‘ﬁi‘t@ -9 sesard attersplatee veiadein each
sealoatbr plate has an alge Surfdbeasdanbefer 0thc; 3R]l €d at its
ends by t preferably insulated end 30 panels 302

(Figure 2% . A £8r daf¢ry dRYer. 1 Waereisn| e Honesi rigyerayis beealedly
gensamdvished BsivaBa Yhé first And RBPSHd odter ﬁ{a?c%g %d%rein the inner
a tha

hou |np 97 seal s about the rotating s
pas B¥E" 2t IFRstdR pad defines ableastone sasigsafduisk chiamaels, ani avherein

t o becH fdd @handdliis defAdd ﬁf".ﬁzg*? g:r tRS Frﬁ[&)glégﬁggg og%ngnéf the outer

sui tabl e neans, such as by ura ‘ packing
ri npjates ansh oy the ingemiayer @ndowhergin e ehdeast ankeseries of fluid

chi i el ngkds 8 8F Ic2sEond G uf BRWCBIIRE offodty gng fuid inet
t he@rtihg7d least pre Buidi®itles not required. Liquid may

brought into contact with the heat exchangers 12 by
punping the liquid into and out of the chanber 99. The

rate of Po@ppaptueserardingdo tiakn degherin saMiurhistd R frigerant.
liquid is cooled by the heat exchangers 12. 10 [009
Whi | e the above description constitutes enbodi nents of

t hé. predereppanaistcicoordirig towldim 1 eviRpENeRE Hrd Idyanls sealedly
t h%aﬂ&ﬁi%ﬁ@& to pv}(ﬁs%}lg 2 plrgssure of 450 psi. |

4, - An apparatus according to claim 1, 2 or 3, wherein the inner layer

- joined with the outer plates defines a series of channels constituting at least

part of the at least one flow path, the channels defined by inner layer wall

.~ portions that provide barriers between pairs of adjacent channels and integral
foot portions for joining the inner layer to the outer plates.

5. An apparatus according to claim 1, 2, 3, 4 or 5, wherein the inner

layer comprises a flow portion, wherein the flow portion includes a corrugated
sheet material. ' o |



susceptible to. nodification and change w t hout
departing fromthe fair neaning of the acconpanying
clains. 15 -22- Clains: Wiat is clainmed is: 1. An
apparatus for heat exchange, conprising: a) At |east
one fluid inlet; b) At least one fluid outlet; c) A
first outer pl ate and a seddnd outer plate, wherein
each outer plate has an inner surface and an outer

sugf ace; aQ d?tﬁg dddp nd ﬁ;églrabewq%r g9 P?}I r\«ﬂ'[é‘?émc}he inner

Ia er is se san ween' t he
ol C@Uiﬂ@ﬁe%laa‘t edter atm!mdherr pontion randi an@nrrugaa@cb isheet metal

ch§5“'°f‘s'°‘"aa‘5 ol 2R irer BN Vol A% dngrpt e sheet

nne erei each anre
in rrpﬂaltpomort dfcthe nmear lewfmersodn anea thdt it Ihe‘memreapproximately

pl S ,AN nREek Y @l erein

egEs)?1 éﬁeg ‘gr}rslxles o#’ ?’ ?’A’ dé;j\r channeg %R%%r e&t Ca%tamP le
onapprosimately h7 356t tee approlimadely| 8Gtst ofothe fias df ithé dhner layer,
an . el t L 2. appar at

2 OptlBug oy ISeRP mp RS ol 6% 4 B, afsa, PLRERRE" G Bner rayer,
r ebpticgalypat least3apphoxiaa ey 88%sof diecancdiof fhried [@lenl m 2,
wherein the inner layer is sealedly sandw ched to

wi thstand a pressure of 450 psi. 4. An apparatus
aclor di nfn tapparatiss docoliing 13, claiimes e whetdie éaro‘.heéhérﬁbe@mas a

th the outer. plaes nes a ser .
| ot S5 SR ke Sl ol e & ST dtieress.
o nand Whavepethie, ratib ef tHeaRaiepertidR thiceRsH Yo tHYEfarindY @idth is less
I ortions that provide barriers between pairs of
V@)L' Eéﬁ% channel s and integral foot portions for
joining the inner |ayer to the outer plates. 5. An

aﬁiaratus according to claim1, 2, 3, 4.or 5 wherein
| i nneih aPRgEAtuS AesPIding to daigw/ pwhereim thetratiei of theewall

f Izggj_mmtdkﬁasé thEdeanAelCAlhYS e thasfiogt material .

9. An apparatus according to claim 6, wherein the approximate ratio of
- the wall portion thickness fo the channel width is between 1:25 and 1:20.

10. -An apparatus according to claim 6, wherein the approximate ratio of
‘the wall portion thickness to the channel width is between 1:18 and 1:25.

- M. -An apparatus according to claim 6, wherein the approximate ratio of
the wall portion thickness to the channel width is approximately 1:22.5.

- 12. An apparatus according to claim 6, wherein the thickness of each
outer plate is uniform over the entire span of the plate.

13. An apparatus according to clalm 3, 6 or 12, wherein the thicknesses
are the same for the portions of the first and second outer plates that are in
- surface communication with the corrugated sheet material.



6. An apparatus according to claiml1, 2, 3, 4, or 5,
‘wherein the inner |ayer conprises an outer boundary
portion and a corrugated sheet netal portion, and
optionally an inner boundary portion, and wherein the

sheet netal portion of the imner |ayer covers an area

- that is between approximately 50%to approxi mately

95% 4 the area of inner |ayer, for exanple

appr oxt mat 1"} APRYAYS acepiding tawlaim\3, 690200 3twierainahe efickness

t he iofirtee cbtﬂylerp,lategﬁhl Qﬂ?écke)’c&ﬁmpﬁi%étﬁorf%{ho}fh ma}:to(rarugated sheet

85% (ﬁflat%n the area of
opt i on ‘;\’j'sa?‘)tl'@%rﬁthﬁ‘bﬁpﬁrf?%ﬁﬁt@Y? 12868 O'fm)'. he area of
inner layer. 7. An apparatus according to claims5,
vvherq n eagh channel has a channel w dth, and wherein
-each 'Wal | PBriRRAaKEsaceowlng o sk o or 19, cihersin sa@N@ner layer .
wher eomptists hat bmepfbddﬁ@ﬁegﬂblimgu‘?rég{ao teg.%).‘ég Ssg;rggatgd sheet

channel width is |ess

accoP B! Boeated within theeuter boundaryr@irtion.of the wal |

portion thickness to the channel width is |ess than

1:20,9. An_apparatus according to claim®6, wherein the

~ appr 8ki mat" raRnasatys  acensdingl fo pc:ham (Yh Wmeeéme§§dt finer tayer

the ehaizel M dhdes BOGﬁJai'r\gleﬂrlﬁr%o a0 rvgpﬁre(rhéhe corﬁjrg];ated sheet

appar at ys, accordi n

‘apprBREHRLiE seatadowihin thieute Houndadyi pitidmiagl rtﬁé s;n,{eq) boundary
t he poygmnel width is between 1:18 and 1:25.

apparatus according to claim®6, wherein the
approximate ratio of the wall portion thi ckness to

t he qghanngl, 4 tely 1:22.5.  12.

'appg?aﬁsg‘ac ggdg} %Fgg@ Xtﬂw i, §9e WBEFEIR Hlae hmgbtma‘gée outer

of €ad afblmpﬁtorpaad!e;ormgmﬁdfg)feglmé@é il e,

of 55@ "de?é’ﬁ tha3:orAN Fx%ﬁara us accorndl n e%&gfaﬁtlﬁlﬂﬁfhe same
Y 8i et FRAMY9R deategalds tsaated figsh ovithirhéhe outer

porb@lém@r\oﬂontcba. first and second outer plates that are

in surface conmunication wth the corrugated sheet

material. -24- 14. An apparatus according to claim 3,
6 12 or ABappstisadddfdihdtFd t t | at
TICHIRRE 2.8 iordl &jef Paftor e

!ﬁbj‘% Fce conmunj cation Wth

, mat ePTial?YFs 5 6Pnsiivted: Mar pipralitycofritner yayerl@ctihs fothed in a
) ;g | pdu%:alr?ﬁtgf@éﬁh%erﬁéﬁp B %eFé?n meaérmn%e%en% sui/)\'i}antfa!f; aligns at
least one seneg of adjacent channels formed in each of at least two adjacent
sectlo_ns and wherein the aligned channels at least in part define a continuous
flow path between the at least one fluid inlet and the at least one fluid outlet.
19. An apparatus according to claim 1, 2 or 6, comprising a plurality of

- inlets and outlets and wherem each fluid inlet is in fluid communication with at
least one fluid outlet.

. 20, - An apparatus according to claim 1, 2 or 6, wherein each fiuid inlét is
in substantial fluid communication with a single fluid outlet, wherein a series of

channels defined by the inner layer wail portions define a different flow path
. for each respective fluid inlet and outlet pair.



conprises an outer boundary portion and wherein the
corrugated sheet material is seated wwthin the outer
‘boundary portion. 16. An apparatus according to claim

7, wherein said inner |ayer conprises an inner

_boundary portion and wherein the corrugated sheet

material is seated within t¥es outer boundary portion

and the inner boundary portion. 17. An apparatus

accpr din rei

utey " path JepoPliE HBcatiey @ Bl oL BE o9 Ytk bBSHow path s
ar ecogghtotesiiy apluyalith of different towl paﬂm@meﬂthe cor r ugat ed
sheet material is seated flush within the outer

. boundary portion. 18. An apparatus according to claim

1, 22.or 3An ahpamtus atcdrding tto puirn 1®, fariteer dompeisiigagicleast one

|s u allt i_nner

|ﬁr9%§£¥]éru§e%ﬂang )z{'? g’hi)%t/‘ aﬁh?éﬂ%g oIS {n s%%sggﬁ?égnﬁ&rhgﬁswth at
ar ﬁeﬂajmﬁxﬂja@eblsmaatlagéds,ecadmsgns at | east one series
of adjacent channels fornmed in each of at |east two
adj acent sections and wherein the aligned channel s at
I ﬁﬁt i PMHprdm‘tl{c:Ta_cgorﬁmt dondlaims 14 loﬁ\&aoamiierb‘at thieechannels

e at.least. on uid i
{1 oSt ot 1835 pnchfer Byt sedion secr gl VT oF aramaete of o
2 tzash oneoapfacenth fhner hydradddtivn Gh af Maet swandifferent dlow path
and V\,herel n each fluid inlet is in fluid comunication
wi SRYREMS; east one fluid outlet. 20. An appar at us
accord| ng toclaiml1, 2 or 6, wherein each fluid inlet

i n substanti al fI uid communication wth a si

(1 8" ou ARPARER ACROIINGEIo GAIME5, WIRIRHING Tt pAIE segpents

t heefindte by| fAkCEhRlels BORSIAMG. S04 | AtCledstdbhé GhSEH IalibP ection
path for each respective fluid inlet and outlet pair.

- 2silre<zt§ tha\fluidyipane diceclien di-af legst ene flawrkath seggent and in the
gnetdm%ct.?.% QﬂEQ tiche dii?é}fffow agztﬁ% Aﬁbheﬁt.p' urality

of d ferent tlow pat segnents. appar at us
according to claim 18, further conprising at |east one

iS- 25 | angr azﬁz%‘rétﬂg t@c&ﬂ‘ph@;h thNRifRanie! i %Fcﬁn' the channels

st ant 1 al ['east two a
i nqmstlttaylgratsleash o flod hatinsegppal throsghas qxhurallﬁygoft@ntuguous

cl ﬁling} ila%ep %eg‘t%dns\'\@&fneei e shggtaﬁt}?awnc(?nlcﬁlar flow path between said at

" least one fluid infet and said at least one fluid outlet.

26. ‘An apparatus according to claim 18, wherein the channels
constituting at least one flow path- segment through a plurality of contiguous
- inner layer sections definé at least one serpentine flow path segment.

27. T An apparatus according to claim 26, wherein. the channels
constituting at least one flow path segment through at least two adjacent inner
«. layer sections are aligned at 90 degrees or less at the interface between the
sections.

| 28. An apparatus according to claim 25, wherein the channels
constituting at least one flow path segment through a plurality of contiguous



constituting at |east one inner |ayer section are
aligned with the channels: of at |[|east one adjacent

i nner |ayer section in at least two different flow
path segnents. 24. An apparatus according to claim
23, wherein the flow path seggents defined by the
channel s constituting said at |east one inner |ayer
section directs the fluid in one direction in at

| eas{"GAERYET BRptigas Arealignedat ablse anglbe at therio®ikee between said
di r egédtasi N at | east one other flow path segnment. 25.
An apparatus according to claim 18, wherein the
channel s const i t uti ng at | east one flow pat h segnent

thropggh a Rhu

sections defi n st anw‘ﬁl v 09'7’%% f‘ﬁ%\ﬁ?'ﬂalﬂ?ﬁ channels
FZ; \Sémcgnggﬁéft lea$teaﬂa: ﬂogepéthLB&bmiiﬂtethruoglﬁgcilg:oﬂltﬁ% inner layer
claim 18, vvherlgngg LS TR gﬂ%‘ ga?@g Igracg the geglionseast

one flow path segnent through a plurality of

cont;;(guous yer cti qns efl ne at |east one
serpenti ne 1 é?a{ra{% %gﬁ?rrg 970 A dfpawhetgin the channels
R i;f"? cass” o “gf‘é'v“&‘ SaChomane o, layer sptiops are
I east'bt WO a%] ac"er’{'taa n%r%fpﬁgﬁé‘r +ddcls o’%sa"é‘rg’ al i gned

at 90 degrees or less at the interface between the
seckgions An . apparatus according to claim 25,

whe??al n. tﬁaggﬁg%ﬁog’ F' Wﬁ?’ﬂﬁ‘? . f§MBIisingast one fl ow

pat h segment thr ough a plurality of contiguous -26-

i nner i on al i gned at obtuse angl es at
t he |nte fa {e @ﬂ‘?ggﬁ" sections. 29. An apparatus

accor di ) Ableaktdriv ffld oty €i n the channel s
constitu |n% at | east one flow path segnent through
all of t Fh gpter plade and asecondouteeplate;gndd at obt use

angl es ﬁ)hh&nrhé‘rﬂ@fér&%ﬁerbhﬁhé%ﬁér ﬁ?%‘asﬁﬂ PR ALY St 1east

accord{]qﬁ claiml wher ei n t he channe
corf¥E HQW ipafh Betwaes et Ipastronsclyridinlet andtighat keast one fluid

of s gtreeron 01 13 G g Sl ot e hefing st anc

he $ecdadiggBlatasonpr i si ng:

.32, The apparatus of claim 31 wherein the sections are confi igured so
. that themajority of the inside surface of the top and bottom plate come in to
. contact with the fluid flowing through the sections.

33 The apparatus. as claimed in claim 31, wherein the puzzie-type
arrangement of the sectlons is symmetric.

34. The appar_atus'as claimed in claim 31, wherein the parallel flow paths
are corrugated material.

35. The apparatus of claim 34 wherein the corrugation con3|sts of
bends which are substantiafly right angles.



a) At least one fluid inlet; b) At least one fluid

outlet; c) a first outer plate and a second outer

plate; and d) an inner |ayer, wherein the inner ‘| ayer

at least in part defines at | east one flow, path

between the at |east one fluid inlet and the at |east

one fluid outlet, wherein tfe inner | ayer is sealedly
sandwi ched between the first and second outer plates.

32. 3Bhe apmaeaipparat L dhed wWhedisl kO r.e
configured so fhat ?%g?réelu ori t‘yﬁhgéu%ltshnae‘It Pﬁ%‘?@gt‘sgug’ﬁg%@ there
of FH‘% ooplelirpd o tiets.at e come in to contact with

the fluid flowi ng through the sections. 33. The

apparatus as clainmed in claim31l, wherein the

puz?f-e- t ypdhe appaialsmselaivied ihslain @6, whereirs theyintats and outlets
34. af A ' [ im31l, wherein the
paralle Wgﬁwﬁgg?ﬁ@ @%?%E#E’éba@é ‘material. 35. The
apparatus of claim 34 wherein the corrugation consists

of 3dkends i wal | y.r]ght les.. -27-.

36. e apnacappardtys 43kl oy 31'- £ iiaighgdniet ana
whetllieh are diraensigned: sp the I fleics flaws ittooa aigriffapt nAmbeFhe flow
apﬁfmﬁg_us as clainmed in claim36, wherein the inlets

and outlets are equally spaced along the edge of the

pl ate. 38. The apparatus as clained in clains 31 - 37,
oned so the

wh int [ | ef . are. di gens|
(o5 f1onde "%tr%tﬁggagsn‘?'#f"é i R T éféaf-l"m?‘%‘a?ﬁst."p and
39 bottom pigips eachimchelecrmoutedringiasd ah Mnedling, 38
wherein the top and bottom plates each include an
~outer ring and an inner ring. 40. 9. The apparatus as
cl 40med i A. Jhei apmdatushey elaimédien icRAr 3RNWher@iH #e, inner and

ri beyond e sections of flow paths. 41.
Thgg%ﬁgéﬁ%sn‘iﬁe%‘rfﬁﬁ@&%%@ ofifiew paths. 40, wherein
the puzzle- type configuration of the sections of flow

pa&?s di regls the.fluid to flow tﬁhrough
. € apparatus as claimed in claims 37 - 40, wherein the puzzie-

type conﬂguration‘ of the sections of flow paths directs the fluid to flow through
the inlet and in towards the inner ring, theh flow around the inner ring towards
the outlet, before being directed one or more times back and forth along paths
around the inner ring, in directions first towards the inlet then towards the
outlet, each such path being successively closer to the outer ring, and then
directed through the outlet. |

42. The apparatus as claimed in claims 33 — 41, wherein the puzzle-
type (_:onﬁguration'of the sections of flow paths is as appeairs in Figure 1.

43. The apparatus as claimed in claims 31- 40 whérein the puzzie-type
- configuration of the sections of flow paths is as appears in Figure 13.

44, The apparatus of claim 31 wherein the inlets and outlets are located
proximate the edge of the plate.

45 An apparatqs for scraping material from a plate, comprising:



the inlet and in towards the inner ring, then flow
around the inner ring towards the outlet, before

bei ng directed one or nore tines back and forth al ong
paths around the inner ring, in directions first

towards the inlet then towar@d-the outlet, each such
pat h bei ng successively closer to the outer ring, and
then directed through the outlet. 42. The apparatus

as claimed in clainms 33 - 41, wherein the puzzle- type
configurati @x)n aghaftipassipg mmdwma‘nwmpm B det@Sof the plate:

appears in s as clainmed in
clains 31- O \#1& ridr ﬁéﬁ%eecwje%‘g%g ts‘sﬁ&' WG Lﬁé:lamﬁﬁ extends
of thsallaliq themiater fI ow pat hs is as appears in Figure
13. 44. Th m 31 erelnthe inlets
and outI et:c Z?gﬂ[rg@g Cra%?%?%‘foé‘ rlongythe Inathif the carrier;
pl at@d 45, An apparat us for scraping material froma

aft passin

| at sh
Se?pgndlcgul glr Iy ‘F°63‘§ﬁp‘('§é"%%‘ﬁ??%fsm c?mégw'ﬁt i&e plafp. 5

carrier connect ed to the shaft, wherein the carrl er
extggds pagallel to the Iate luralit
scraper s pgélgtéfpg)ﬁé%uilagnﬂ med 'I"e"ri %4§fwf‘ﬁf@"t p@rmer further

andprmpfﬁ@it*mﬂz@ﬁf&eﬁrﬁﬁﬁﬁ?ﬁ'I{éu:U'antﬁBtp‘T’étE wi th
the plate. 46. The apparatus as clained in clal m45,

wherein the carrier further conprises a plurality of

nozéT es f oThesppparatds aad icithéd QR &R a h |
e%ﬂ%f s clained in claim45 vvh@} s W\ﬁ:re‘m th-le- ﬁpgps for
keepl

e serapspeincontact with dha plate wmmsepmmber bumper.
corrprlses a rubber bunper. 48. The apparatus as

nﬂ'@l aim45, further conprising neans for
rot at ng t i apparpls asiaimeddn slaim 4at tusthas carhpiisiad mewns for

cl abtatiAg theagrigi.n the rotating neans is a notor. 50.-
The apparatus as clained in any one of clains 45 to
49, wherein the scrapers are plastic. 51. The

aﬁg;@éﬂus T Slparakd dsudmedoi et Eé z{'vheremgihc-:‘ rota%ng means

Is a motor,

- 50. The apparatus as claimed in any one of claims 45 to 49, wherein
the scrapers are plastic. |

- 91, The apparatus as claimed in any one of clairﬁs 45 to 49, wherein
the scrapers are metal.

- 52, The apparatus as claimed in any one of claims 45 to 51, wherein
the scrapers include a fi rst-and second edge, and where the scrapers are
reversible to permit use of either edge.

53. An apparatus for scraping material from two parallel plates,
comprising:

€) a carrier positioned between the plates;



the scrapers are netal. 52. The apparatus as cl ai ned

in any one of clains 45 to 51, wherein the scrapers
include a first and second edge, and where the

scrapers are reversible to permt use of either edge.

53. An apparatus for scrapi ngg®material fromtwo

parallel plates, conprising: e) a carrier positioned

bet ween thef)ola"-{tl 'to'nég' at Ieatslt one scraper

positi oned al ong the T eRgPRT BPSGnedieng be;length b tescarrier;
for keepi ng9i ItBeares fapkeeping twscisper W EdhtaaAtPbdhSTates: and
and h) meaﬂf rﬁ@é srt?f‘ attétn'% E]he carrier in a plane

paral l el to the plareLlatgthe gages ia plang pasallet fathe plates.
53, wherein the carrier is connected to a shaft

passkhg per icularly _through the plates. 55. The
appa?g't us o?ﬁgggﬁﬁ\'@%’% )é\f/vﬁ&"@l% tlierein the mardemisatansedted fo a
I eas%haﬁmsshummmicmmhﬁﬁgﬁqﬁe Bhitzh is in contact

with one of the plates. 56. appar at us for scraping
rrateési al fromtwo parallel platés, conprising: i) a
shafe0.passi Hee mspapatadicf ¢lainlsg it9thel OFri |

an isrépeg{erﬁc%r rher vvith,me,ans'tE)Ms%lccgelltjdrgfehei(?:ﬁ'{‘(g‘J ?C%]ngglgﬁg}{easttwq
and T post v oRe 8B &F Whid s in egntads withensrofthe phated | el t o
the plates k) a hollow outer carrier positioned

bet%en thgwpl ates so the inner carrier is in sliding
engagement W ARPAMAYS 06| s@APipar matarial | fomt teaptratise plates,
scr apmprigingi ti oned al ong the | ength of the holl ow

outer carrier; m neans for keeping the scrapers in
contact with the plates; and n) renovable neans to

connect thy iadMakt SREH . oW, Qut e )
carrier. 5(. The a%g'arng%esfﬁ_ %’s"t"%:lﬁaaﬂyﬂb'{é’uﬁhqﬁ? 3[%*‘56,
further coﬂp@ﬂs-!ﬂﬁ'@f £3stien avitht means toozet®e {tofo the shaft and
- Sprpositithed i’;ﬁBH'd% €es, .. The apparatus as '
claimed in pckzal alm é@“?@f"t‘_%ﬁ%%ﬁ‘b‘%??%ﬂﬁﬁﬂ%ans for
) a hollow outer carrier positioned between the plates so the inner
-carrier is in sliding engagement within the hollow carrier;
l) at least one scraper positioned along the length of the hollow
outer carrier;

m) means for keeping the scrapers in contact with the plates; and

n) removable means to connect the inner carrier to the hollow outer
- carrier. | |

57. The apparatus as claimed in claim 56, further comprising a plurality
- of nozzles for spraying a liquid on the plates. |

58. | The apparatus as claimed in claim 56, further comprising means for
.rotating the carrier. -

69, The apparatus as claimed in claim 58, wherein the rotating means
is a motor. : '



rotating the carrier. 59. The apparatus as clained in
claim58, wherein the rotating neans is a notor. -30-

60. The apparatus as clained in claim53 or 56,

further conprising a tube secured to the shaft on the
opposite side if the carrieggwith a plurality of

nozzles for spraying a liquid on the plates. 61. The
apparatus as clainmed in claimb56, wherein the securing
medifs | s Eheppppasatusl aedlairoed ieclhinndd @a$6.i furthandomprising a

bO'tBS‘@' sé&:r&ﬁ‘?o ﬁi@ét‘i ft 88 the ﬁ@sﬂQ Rfed e asriet Wtﬂ%dplh&nty of

claimb erein the I enova connect i ng neans-
boITtOZZBSforﬁﬁéa)afpﬂ)aﬂlaud@fdbeﬂmsl’red in any one of

clains 56 to 62, wherein the scrapers are plastic.

64. The apparatus as clained in any one of clains 56 :
to6d2, whdhe &maﬂatus@sapmmdam claine 58| whéin tHeesecuring means

7 PRCE Blate waied @ i thrl oA NFLdliedid shOsfiam, "ol &1 "

t he crapers inc second edge, and
where the scrapers are reverS|bIe to pern1t use of

ei ther ed a WS for, co n ,

cotr?%rl Si ngﬁ' 9§pa %g &%5" g 1 e\l Jf.é/ 9’8?@ tﬁe pr Eﬂoé'ab'e
he &bneeatihg nyE=ms laartmitged in parallel wthin the

frame; ) nmeans for continuously bringing a liquid

into contact with the heat exchangers; 67. An- -
apﬁar at us 'merapmlmtng dsCelaimednipranyi org: of clhiras BoanEs2, S.‘)herem

| ur al i t% {qu pl at e heat exchangers arranged in
YEPPERAIHPRSYRe frame; -31- t) neans for

contlnuously bringing a liquid into contact with the

64. - The apparatus as claimed in any one of claims 56 to 62, where said
scrapers are metal. '

65. The apparatus as claimed in any one of 53 to 64, wherein the
scrapers include a first and second edge, and where the scrapers are
reversibie to permit use of either edge.

66. = An apparatus for cooling liquids, comprising:

o} aframe;
- p) a plurality. of flat plate heat exchangers arranged in parallel
~ within the frame;
) means for continuouély bringing a liquid into contact with the

heat exchangers;
67. An apparatus for making ice, comprising:
r a frame;

s) a plurélity of flat piate heat exchangers arranged in paraliel
-within the frame; '



heat exchangers; u) scraping nmeans for renoving any

ice crystals that formon the surface of the heat
exchangers. 68. The apparatus as clainmed in clains 66

or 67, wherein each heat exchanger conprises: v) a

top plate and a bottom pl ateabf generally the sane

shape, w) at |east one fluid inlet |ocated at an edge

of the plat ql east one fluid outlet |ocated at

an edge of § pinesns et °°9‘j“l’é’uawwfal9'ﬂ9yadfqugbmtoomtact with the
bet viwah exdienpers; and botton1p|ate wherein each section

conpri ses eh)narrowlen of material with parallel
fl ow pat hs VantioP'Hg S hJempring Anyse |ca19[t§lpéhat form on the

arraug‘euentthmrfebtemian?éﬂger so that the flow paths
from each piece allow for continuous flow of the fluid

-fromthe inlet through the sections and out the

out 168t 69. ThbeapRPatatdsSciammed R
\M}l ein the nmeans for Dri nggﬁgnét qrﬁqﬁﬁ%@ pach heat
confe anget fOrPREseSeat exchanger is a sprayer. 70. The

apparatus as clained in clains 66 or 67, wherein a
plurality of .insulation panels is secured to the

frame to cre&iordlagand@ katimpnpleteofigengtally The same shape,
appar at us @f at Ie%bﬂbﬂ&ﬂuuméﬁbeatw Gt §$%h§9 of bl

~is rectangular. 72. parat us 0

t he seal ed® CQH%\'PE ‘ﬂﬁﬁ}ﬂu'ﬁ §Uﬂ%lyb¢atdd atan edgSof fﬁbeplates

appar at us \gs I@r‘a"ﬁ‘r%' RS 67 t )

wher ej n th)g agdcr api ng; &V ce&%:tvggé@g{ngsto&angt qt@ggpla%gherem
out@AChszaclipe compriges fa narew tiergth afienatptialt with @atalle! flow paths

eX NGB secfiokl SR puﬂfe-ig &@E'ESQISB \?v:rtgsf%cg)o%réer so that the

wherein said outer 'scra
. carﬂobePatB% fraaceash lpﬂecqaaﬂnﬂu dor aontihvoushfovs befte Mid Abiethe infet

L o BAB ldy oF ooPer poe o

69. The apparatus as claimed in claims 66 or 67, wherein the means for
bringing the liquid into contact with the heat exchanger is a sprayer.

70. . The apparatus as claimed in claims 66 or 67, wherein a plurality of
insulation panels is secured to the frame to create a sealed compartment

A

71. The apparatus of claim 70, wherein the sealed compartment is
rectangular,

72. The apparatus of claim 70 wherein the sealed compartment is
- cylindrical.

73. The apparatus as claimed in any of claims 67 to 70, wherein the
scraping device consists of at least one outer scraper, and if more than one

plate heat exchanger is present, at least one inner scraper, wherein said outer
scraper comprises:



bb) means for keeping the scrapers in contact with the
plate; and said inner scraper conprises: cc) an inner
carrier with neans to secure it to the shaft and

positi oned perpendicular to the shaft parallel to the

pl ates; dd) a holl ow out er_géa_rri er positioned between

the plates so the inner carrier is in sliding

engagenment within the hollow carrier; ee) a plurality

of scraper® pasirtierob@thetteanpeipendlcar@ttb @k st phellbow the.
carri,er; ff) nmeans for keeping the scrapers in contact
vvltqj] t?he pl ates; and gg) neans for rel easably

connect i ngd)he i renplurality Iof @Erdperd peésitidrzd émh@lilﬁ@llength of the
carrier. 74.' The apparatus of any of clains 66-73
Wh&PEFES t he heat exchange plates are situated

verticallyb)75. TheampRakaépifg tle sitipatt it bantast With the plate;
t hrough 73, %/\;h%grel n the heat exchange plates are

situat ed horF¥LPRIMRRT SEEPEREPMBEIRN i sing a pan bel ow

the flat cgjate heainexehaREWith hmeans R s&ré Mol e dnaft and
renoved by the scraping device. 76. The apparatus as

cl Brpiteanedperpandicylsr todhesbafl perallepterdne platesises:  hh) a

flat areagqd)i) azPR6ASH Jukd (ﬁrﬁé\' H\bélt*'ﬂd'édt !Bﬁmfeleﬁtthér;ﬁ&es SO
t hrough which collected ice further; djj)

H’l?s'"f‘%’rc%'(/\%féﬁ |'fh§‘q|%e"9:@e€‘!ﬁﬂt &’é‘f‘whﬁﬁmﬂ% carr !ﬁl’ ; area
acr oss thge) per f of alliALeBorapd poblionEI AGRP R BRSN the

clainmed in clalm wherei n the ‘pan has raise
cohﬂé}%cﬂfﬂﬁf deflecting fallen ice towards the sweeping

means. The a t ]
75 thr ougrp 78 furt ﬁer%fH %ﬁd& r?g%gadgﬁ?rpﬂp% éf'thJ{ ﬂ%grllates,
i n@d whi ch ice can fall. 79. A nethod for establishing

an overal bgfont ! iR 1"0} %Yegéa}d&/ ]:;Br?r[;@c?iﬂg the inner carrier to the

+hollow outer carrier.

74. The apparatus of any of claims 66-73 wherein the heat exchangé
plates are situated vertically.

75. “The apparatus of any of claims 66 through 73, wherein the heat
exchange plates are situated horizontally, further comprising a pan below the
flat plate heat exchangers for collecting the ice removed by the scraping
device. |

76. The apparatus as claimed in claim 75, wherein the pan comprises:

hh) a fiat area;
~ii) a perforated area within the flat area through which collected ice
may fall further; and
i _means for sweeping the ice coliected in the flat area across the
perforated area. 3



inlet to an outlet through an apparatus for heat

exchange, occupying substantially all of the surface
area between the inlet and outlet, conprising the

steps of. a) providing a plurality of sections, where
each section is made up of .3 parallel set of flow
channel s; b) cutting each section at one or nore

angl es to selected groups of parallel flow-channels;

c) &aButti ndhedpparaths aamhauaedﬁm @lairh 760 WMhefdin Ry Ba:@hE@rralsed

i 1 e for LARLCARY SR Pl e RicBPRn P

puzzl e-1like confl guration. 80. The nethod as cl ai med

79, wh h_sect |
contF-guous 85 FPBAELNY 5F CERHON S ORI A AU furher

whecarhyyrising 8 sQinpWeldWhe i mtewRRhddd @n faljow paths in
opposite directions to one another. 81. An apparatus

for- heat exchange, conprising: a) a top plate and ,a

botIS.bm pl aAenétho@meéﬁhb%htd@eaﬁmraﬂ%ﬁﬁnuo@ﬂcﬁ& ph@f‘ﬁém an
idinl eﬁ cated at an edge of the plates

'T"&L BReOYS; Hiragh &n |appatatds for d?ﬁaédg’é:h@ﬁge heccupying
|O| alubstantany &) ofthe stifdce! Mre@fbehREbn ﬂ{éslnlﬂﬁté’r\ﬁe&tw et:otrrﬁﬂlsmg

S bo tom pI ate wherein each section conprise

B‘?ﬁ e8F Afaterial with parallel flow paths andthe

sectl ons are in puzzle-type arrangenent with each

other so that the flow paths fromeach piece allow

for conti rloRFeVidingsa efuralite of sestivnsnwhereoeasih sevtion il made up

thbﬂd%rﬁli@?s@t%%@%aﬁﬁg\sout the outlet. -34- 82. The
apparatus as claimed in claim8l, wherein the sections

are conf iguringeachsaction @t oag or imoye ahglehdo seletid groups of
SubgﬁﬁlglﬁWEﬁ%ﬁ}] @P and bottom plate cone in to

contact wt e fluid flowi ng through the sections.
83. The agpatutting edged af aaa:h sectidnajonoi@l or wieze edthert dstions,

coﬁ-@ L}}r%ggssﬂ?‘h‘é ?’3@‘1“’ the Se 5 %’@tﬁ;eas cl ai med

in claim 8], asab&bbmmﬂtdsecpamaid eebuﬁt@ﬁke paiflytiration.
corrugated materi al .
80. The method as claimed in claim 79, wherein each section may
include aFl contiguous and paralle! channels at any given point, whereby a
section may-include parallel flow paths in opposite directions to one another.

81, - An apparatus for heat exchange, comprising:

a) a top plate and a bottom plate of generally the same shape;

b) at least one fluid inlet located at an edge of the plates;

c) at least one fluid outlet located at an edge of the plates; and

d) a plurality of sections between the top and bottom plate wherein
each section. comprises a length of material with parallel flow paths and the
sections are in puzzle-type arrangement with each other so that the flow paths
from each piece allow for continuous flow of the fluid in through the inlet,
through the sections and out the outlet. |



85. The apparatus as clained in claim81, wherein

there are two inlets and two outlets. 86. The

apparatus as claimed in claim85, wherein the inlets

and outlets are equally spaced along the edge of the

pl ate. 87. The apparatus as-#-ainmed in claim8l,

wherein the inlet and outlet are dinensioned so the

fluigh flo in a_significant nunber of flow paths.

88. The amea%ﬁgargﬁ’sc?%icmef’ri"c‘?q%{’h%awhm &he, seplions are

t op cantigused tsonthaplied ajaritg fof ithe linkide a0riasd 6f tHd R 3 bottom
as clained in claim

an i (o 9. The at us
g5, PRg eeie 1o, onpe BB TLRLISWIRS Hiouat Bacestguc
the sections of flow paths. 90. The apparatus as

cl a'?ged inj¢laim 88 wherein the puzzle-type
configuratiof HPFAYSRR Cfaimeddn ¢lpigy 8attieren: et puzzie-type

t heafrangement dfitlesédions @fe Ehffigured &imMBRichiy. t ovar ds
the inner, ring, then flow around t'he inner ring

towards the outlet, before being directed one or nore

ti m84. back Theappatitls &lsoagi ]
ri \rllg?tai n _di rectpi‘p(gcgs ?i rsst i"%?ﬁgla?fﬁg@ﬁﬁrﬁe%@%gﬁéeﬁaranel ﬂow_
to

8 AhEOgReematesiabn such path being successively
closer to the outer ring, and then directed through
the,outlet, 91. An apparatus for scraping materi al
froa plal & 2ERRBRSETgaimessin ¢lainy 84 aheresatheimgre two inlets
pergreniliocolltiarsd v through the centre of the plate; b) a
carrier connected perpendicular to the shaft parallel
to the plate; c) a plurality of scrapers positioned

2,2 e TR als aBIARER! bijm B Wbl BBInE and outiets

keepi ng the scrapers 1n con

Théra gpurlvtspaced alongithe edge of theipta®®l, wherein the

carrier further conprises a plurality of nozzles for
spraying a liquid on the plate. 93. The apparatus as

cl & red i Thel anpardlus ashaaisied ihhdaimeanswherein #egaichand outlet

t hers AihtRichel to Wi t:h, the plate conprises a

r ubber burr{rJG'z]F3 HQ&ZR&F?@ ﬂé’ﬁvﬁdptﬁ%?gﬁgcﬁmaﬂ rioﬁ ﬁewmw&

91, further conprising neans for
88. The apparatus as claimed in claim 81, wherein the top and bottom |
plates each inciude an outer ring and an inner ring.

89. The apparatus as claimed in claim 88, wherein the inner and outer -
ri::ng extend beyond the sections of flow paths.

90. The apparatus as claimed in claim 88, wherein the puzzle-type
configuration of the sections of flow paths directs the fluid to flow through the
inlet and in towards the inner.fing, then fiow around the inner ring towards the
outlet, before being directec_i one or more times back and forth along paths
around the inner ring, in directions first towards the inlet then towards the
outlet, each such path being successively closer to the outer ring, and then
directed through the outlet.

91, An apparatus for scraping material from a plate, comprising:



‘rotating the shaft. 95. The apparatus as clained in
claim94, wherein the rotating neans is a notor. 96.

The apparatus as clained in any one of clains 91 to

95, wherein the scrapers are plastic. 97. The

apparatus as clainmed in any.ggne of clains 91 to 95,
"wherein the scrapers are netal. 98. The apparatus as
claimed in any one of clainms 91 to 97, wherein the
scrapers include a first and second edge, and where

the scrapegss [ (a0 f.either .
cdge. 90 A apatt PagRb pIbRAILn ool i Frid gt piate;
paral | el pPhifesarriet seppeeted gpemendicuan td the pbsit thavaliztl to the
bet pR@n the plates; -36- b) at |east one scraper
positioned along the length of the carrier; c) nmeans

for keepi ng 2 wiurglity & ecrapers positionedraibhg i lergttabethe carrier:
andandgl) nmeans for rotating the carrier in a plane

parallel to the plates. 100. The apparatus of claim 99
wher e t he @dnepes for keepingdle ecrapersan sbrathtt wilesei pigte.
perpendi cul arly through the plates. 101. The apparat us

of claim99 where the carrier contains at |east two
scri¥per s, Hhpparetust aswdlaiied Sn iokimodt, aghersint the CRLTIGH further

th . ratus for scraping material
£ omiises 2 phitainy'of nPRBE Rrishayifa s il of uf Rl
passi ng perpendicularly through the centre of the
es; an. inner carrigr W.th neans to secure it
to t3he_ shg[) gﬂﬁarag‘fjﬁsﬁ?i daimed, & slavai 2y whetadn (the means for
sh&kepipg iz $@bpers it bontabadas tHe) platePnlfiited AlrBhbérHunhSdr.
'S

positi oned between the plates so the inner «carrier
in sliding engagenment within the hollow carrier; d) a

pl Gdal i ty ThE appardes as ReimbH 4 edirtbeGrthBecd RNy Rleans for

gl B arghf o1 carT er

95. The apparatus as claimed in claim 94, wherein the. rotating means
is a motor.
96. The apparatus as claimed in any one of claims 91 to 95, wherein

the scrapers are plastic.

97. The apparatus as claimed in any one of claims 91 to 95, wherein
the scrapers are metal. '

98. The apparatus as claimed in any one of claims 91 to 97, wherein
the scrapers include a first and second edge, and where the scrapers are

reversible to permit use of either edge.

99. An apparatus for scraping material from two parallel plates,
comprising:

a) a carrier positioned between the plates;



e) neans for keeping the scrapers in contact with the

pl ates; and f) renovabl e neans to connect the inner
carrier to the hollow outer carrier. 103. The
apparatus as clainmed in claim102, furth9er conprising
a plurality of nozzles for_spraying a liquid on the

pl ates. 104. The apparatus as clained in claim102,
further conprising means for rotating the shaft. 105.
The appar at safi%asgpaﬁ FE@PenPesitonediadeng th dergtim of the carrier;

rotating meghtearsSoPkdBHifY the sofs e}%con-wc? énﬁtﬂ%géﬁ b%%es?%nd

claimed in ¢laim102, further c&)rrprl SI ng

secured t o VHREHIFIPE rafatingibe episiss in 2 pland pardilet focthe plates.
carrier with a plurality of nozzles for spraying a

quu‘m% on the plates. 107. The apparatus as clainmed in

¢l ai Y102, Wecrrparatun ef slain SBrwheredlansariier ia dohateted to a shaft

wel ihg peARnbRORH i olted to the shaft.
108@;Id'ﬁeggpg%rnat us ggﬁgpgﬁmﬁﬂgtﬁgcl aim 102, wherein

the renovable connecting neans is a bolt. 109. The

. appapat us e j i . | ains 102 to 108,

~ wher 'eiq‘n t ﬁ‘gegﬁ;‘?j&'gﬁgé Ogrc gaﬁ}élégs]ﬁpg;e ﬁ'f(fa’ﬂ‘ﬂec%ﬂaf* & (fast two
‘as EF@PREIeach enpolombichis iolcantast WBR ohe ol S, plavaer €

said scrapers are netal. 111. The apparatus as cl ai ned

in any one of clains 102 to 110, wherein the scrapers

-~ incl@%e a Anrsppaiatuss dodrapitge, makdaione e parallel plates,
SCI éRRpisiy:€ reversible to permt use of either edge.
112. An 1 ce maki ng apparatus, conprising: a) a frane;
b) a plurality.of flat plate heat exchangers arranged

in paral | ely withi he frang; %‘?‘V prayi ng means for
conti nuous )ygy\%'h%lp:F |Sh1§ %erg%rl‘r%‘?‘i“ %‘M&‘ttﬁ%"eﬁ%fﬁ the plates;
exchanger &) andinner carrier with means to secure it to the shaft and
positioned perpendicular to the shaft parailel to the plates
¢) a hollow outer carrier positioned between the plates so the inner
carrier is in sliding engagement within the hollow carrier;
d) a plurality of scrapers positioned along the length of the hollow
outer carrier;
€) means for keeping the scrapers in contact with the plates; and

f) removable means to connect the inner carrier fo the hollow outer
carrier.

103. The apparatus as -cl_aimed in claim 102, furth9er comprising a
plurality of nozzles for spraying a liquid on the plates.

104. The. apparatus as claimed in claim 102, further comprising means
for rotating the shaft.
105, The apparatus as claimed in claim 104, wherein the rotating means

is 2 motor.



d) scraping nmeans for renoving any ice crystals that
formon the surface of the heat exchangers. 113. The
apparatus as clainmed in claim112, wherein a plurality

of insulation panels are secured to the frame to

create a seal ed conpartnent.,, 114. An ice naking
apparatus, conprising: -38- a) a frame; b) a plurality

of flat plate heat exchangers arranged vertically and

par #b.el wibdiappatatud aamia:meﬂhneﬁﬁll‘m irﬁ?_atfuﬂﬁfé‘ﬁmﬂﬁismg a tube

co 0 ate an omplate o
goriiid % the ofah 8 e Boflfe 3087k e Griorrvis @ puratity of
i nl RezZesdat gutaging arfigedthen tHe plbespl ates, iii) at |east

one fluid outlet |ocated at an edge of the plates, iv)
a plurality of sections between the top and bottom

pI atly. wheTied: rapeatmu:seﬁ iciimeani taRs AVRAWIN §09Y Rcuring
fl ow_paths and the sections

rJ al th a
ar VR Bt wrie S bt ensremtvidiand bolle to heeanast
that the fl ow paths from each piece allow for

n'tdnuou flow of the fluid fromthe inlet through
the' %ect i o FRPATBHHS ARCIYMadein claifa 192, (hersiac theormmovable

ar eonnedtingwi€thss9 atist the najority of the inside
surface of the top and bottom plate conme in to contact
wth the fluid flow ng through the sections; c) a

s haog pas Sﬂhﬁ@aplﬁﬁféiﬁé‘ dis CHimeHYn sapg; BHG !¢ LBfing ?6? ';t/(? 168, wherein

| at es; )rayi ng means for continuou
ﬁﬁ%’ﬂ@erﬁ%i’ #li®n over the heat exchangers; e) a
scrapl ng devi ce connected to the shaft for renobving
Xé{ crystals that- formon the surface of the heat
Hnger dherappaatug as slaigedtin anyeonsheff tlainent02 ta)I08, where

pI é'élé'SbFa‘beFﬁar\ef}ﬁHﬂa?t' on panels secured to the frane to
create a sealed conpartnent. 115. The appar at us as

claimed in claim114, wherein the scraping device
111, The apparatus as claimed in any one of claims 102 to 110, wherein
the scrapers include a first and second edge and where the scrapers are
reversible to permit use of either edge. '

112, An ice making apparatus, comprising:

a) a frame;

b) a plurality of flat plate heat exchangers arranged in paratlel within
the frame;

¢) spraying means for. continuously supplying a solution over the
heat exchangers; and

- d) scraping means for. removing any ice crystals that form on the
surface of the heat exchangers.

-~ 113. The apparatus as claimed in claim 112, wherein a plurality of
insulation panels are secured to the frame to create a sealed compartment.

114, An ice making apparatus, comprising:



consists of at |east one outer scraper, and if nore
than one plate heat exchanger is present, at |east
one i nner scraper, wherein said outer scraper
conprises: a) a carrier connected perpendicular to the
shaft parallel to the plate, b) a plurality of
scrapers positioned al ong iHe | ength of the carrier
-39- c¢) neans for keeping the scrapers in contact with
the plate; and said inner scraper conprises: d) an

i nner carrler with neans to secure it to the shaft and
posi ti oned® BdfA5%idi cul ar to the shaft parallel to the

plates; eb)a pRtdBYVoPHLEplafedhbatedxcRaTddrs %ﬁ%ﬂg@&t\/\éﬁﬁ:ﬁlly and
the plates _so the inner carrier is in slidi

“engagened@lighvilliimthefeame mith gagh healegxchangeg Cﬁm!ﬂﬂﬁinigt
of scrapers positioned along the length of the hollow

carrier; g) nheans for keeping the scrapers in contact
with the pldtadop alate apd ﬁé)aﬁgmf%ate pbgengralyl Yre same shape,

connect i ng t.iy%t Ie@t@?én&ﬁmﬂ'uﬂét Ibatbd Gt APLAGYGS tAE bidtes,

carrier. 116. I ce maki ng ar at us sin

a frame; b) i@ %l'%ﬁrsépn@ﬂuwomneg@ceﬂedtaéan@dge @f(%‘l%%@‘@ﬁs

arranged hOG\QZQ”blﬁH@e’y %ﬁ%gc@&fsab{eﬁ.l fhBi ﬁﬁd TABR plate
r i cu

c) a shaft pdssing pen oug e centre
of the plat é@erela)e@brsaptuwgccrmarmsmmarmtangtjbq%nngterlal with
-suppl ying a [ 0 t t nger s; g
scrapi ng de&%gg%ioﬁﬁgcpggmtgﬁghQR@ d%%ﬁ grg§£|n $MZ%eiype
any ice crﬁsutaageniehhmthceammthemso ﬁmtftheaowfpathe fﬂmeateach

exchangers; t e . _
bel ow t he flp c'E3r$at eoh {‘t?rsl@é' gﬁ‘l'g%eorfgﬁ?a@é'd@wg% 'P%é%BUQh
the ice refisebiionsaind utthepullgl dedi ce. 117, The

22%: ,atsgg a§) ﬁlealsgq%nlsnarglc%'n ure so\maetrt?le majcth3 typcgﬂhe inside

surface of the top and bottom plate come in to contact with the
fluid flowing through the sections; '

¢) a shaft passing perpendicularly through the centre of the plates;
_ “d) spraying means for continuously supplying a solution over the

heat exchangers;

€)-a scraping device connected to the shaft for removing any ice
crystals that form on the surface of the heat exchangers;

f) means fo rotate the shaft; and .

g) a plurality of insulation panels secured to the frame to create a
sealed compartment.

115. The apparatus as claimed in claim 114, wherein the scraping device
consists of at least one outer scraper, and if more than one plate heat
exchanger is present, at least one inner scraper, wherein said -outer scraper
comprises:

a) a carrier connected perpendicular to the shaft parallel to the plate
b} a plurality of scrapers positioned along the length of the carrier;



a) aflat area; b) a perforated area within the flat
area through which collected ice may fall further;
and c) neans for sweeping the ice collected in the
flat area across the perforated area. -40- 118. The
apparatus as clainmed in clajm 117, wherein the pan has
raised corners for deflecting fallen ice towards the
sweepi ng means. 119. The apparatus as clained in any
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116. An ice making apparatus, comprising:

a) a frame;

b) a plurality of flat plate heat exchangers arranged horizontally and
paraliel within the frame;

¢) a shaft passing perpendicularily through the centre of the plates;

d) spraying means for continuously supplying a solution over the
heat exchangers;

e) a-scraping device connected to the shaft for removing any ice
crystals that form on the surface of the heat exchangers;

f) means to rotate the shaft; and

g) a pan below the flat plate heat exchangers for collecting the ice
removed by the scraping device.

117.  The apparatus as claimed in claim 116, wherein the pan comprises:

a) aflat area;
_ b) a perforated area within the flat area through which collected ice-
may fall further; and
¢) means for sweeping the ice collected in the flat area across the
perforated area.
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118. The apparatus as claimed in claim 117, wherein the pan has raised

comers for deflecting fallen ice towards the sweeping means.

119. The apparatus as claimed in any of claims 111, 117, or 118 further

comprising a sump below the pan into which ice can fall.

120, A method for establishing an overall continuous flow path from an
- infet to an outlet through an apparatus for heat exchange, occupying
substantially all of the surface area between the inlet and. outlet, comprising

the steps of:

e) providing a piurality of plates, where each plate is made up of a
parallel set of flow channels;

f) cutting each plate at one or more angles to selected groups of
parallel flow channels;

g) abutting edges of each plate to one or more other piates,
thereby causing the flow path to change direétion; and

'h) assembling the plates in a puzzle-like conﬁguration.

121. The method as claimed in claim 120, wherein each plate fnay
include ali contiguous .and parallel channels at any given point, whereby a
plate may include parallel flow paths in opposite directions to one anqther.



