Title; Heat Exchanger for use in Cooling Liquids Field of the Invention
[ 0001] The present invention relates to heat exchangers for cooling
| i qui ds. Beckgvmoodd of the |Invention ['(5'002] | ce maki ng wretluiAres/ @6
chillers are well known. These types of nmachines are used in a nunber of

industries including theulbopflREQE S ' lIj sties, I.f I shi ng and gener al
cool ing applications. CTWM@%@WR—%l nt above
their freezing tenperature, while ice maki ng machi nes generally cool water
or a solution belowits freezing point. Ice machines and chillers use a
heat exchanger that is generally cooled by refrigerant that flows through
i nternal passPigtd of YHé MiverioNy other liquid to be cooled, is introduced
onto the surface o € heat exchanger. If the liquid is frozen, a variety
of method® are then used to remove the ice fromthe heat exchange surface,
I ncl udi ng usijo®0O4] Scr apT hie; ; ' r arily to
rel ease the il?g._ ]SI urry T’%eﬁg#@ep ge?trlﬁqﬂaa ett(??g%lle né)fcﬁ\gp b?%g?%?%(?l hat
is frozen usd&M@ﬁ-has mxed with it salt, or some other substance, for
altering the freezing point. The resulting slurry product has a sl ush

consi stency and may be punped, meking it preferred for many applications
where the endBQ i% K eble conveyed. Furthernore, its energy storage and
transfer char ' r to other types of ice. [0003] US Pat.
Nos. 5,150, 939 and 5, 363, 659 by Lyon, as well as US 5,632,159 and US
5,918,477 by l%\hdi scl ose heat exchangers in the shape of a disk with

i nt ernal pass[ggg ys f dfethrkipgmaciinemand ehillers/ate wiebrkgonine Théss typesof

t he di sk. Th ' it LA et fixed scrapin chani sm whi ch
emoves | co o nadiies A Bsed 8 MuHer s i Riids el g P Red ipeerai
mating di sk Hpdsties, fishimg,ofandhigehetalccuolr®y aapylivasions. Y Cilleds 08Y&S Iiﬁ‘ﬂidists

I nternal surface. @g)f the grooves in the two hal vesare rror

The pattern
i mges, so tigftne\';\ﬂgn??h% RRINY &Doxe thell; Egezing tamperaturegeviiler jice making
15 machines generally cool water or a solution below its freezing point. Ice

machines and chillers use a heat exchanger that is generally cooled by
refrigerant that flows through internal passages. Water, or any other liquid to
be cooled, is introduced onto the surface of the heat exchanger. If the liquid
is frozen, a variety of methods are then used to remove the ice from 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 applications
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



correspondi ng grooves mate to form passages. The manufacturing of this heat
exchanger involves chemcally etching each separate half of the disk, which
i s expenswoeooddd0®4] The two devices-by Gall disclose aroeatazeosaoessgi ng
device that is formed by cutting fluid passages into a thick nmetal plate
using a mlling machine. Once the passages are cut, a thin flat plate is
j oi ned to tlage miroedmppes.ese thatonher the halvesi are. matachandbrazed tegethee pl ate

IS not as expensive.as chenical t ghy i O ' S one
b ate i o borRgoRRERIAAc A0 ep nekatt iphhesseafe The dhhiraBhpRESE MRS
expensi ve pheaesxchangdrhigvplvesrchnticallyaetahirgk eachtsepacatenigall of thaaisk,
refrigerant does not cone into contact with a significant portion of the
heat_exchand@'@@lﬂ@ﬁ@m’M@e reason for this is that there needs to be
sufficient material between the channels to provide a | arge enough surface

area for5br 40004 i n orlhertwadeviees burzrlpdisslose & heatoshangingrdeviegthatint i n

heat exchanger.s di s$¢l .o ' ol kSl ; i -~
exchanger t ?(gﬂr écg%gi %@ﬂgéir}lrﬁ%etpggﬁ%érserl{ﬁee%tnﬁlgggﬁgﬁl éﬂ]éstlgn%%lﬁgd@;ﬁlglpg The
refrigerant macliféVvOncéihé lpaseages ass eut, ta tiindlat tphatei istjeined| topthesadied.
There is an opti nmal ran%(;of vel ocity bor,the refri t: If velocity is

) f
too small, tﬁ@eﬁeaﬁomPlﬁ "lﬁd'é!‘f i'@ﬂ’@gﬁ‘@ ’H@lﬂgeﬁ?eglg‘te@g%{jﬁ? EXREMIVREE be
suftielent HeRftA Senfdi ,éédgoimh%r%eéf oRlydiRelpléke 4 BEbHaGAEd 88SOT

back to the reserv he conpressor. velocity is too large, the
conpr essior wipposedto dotmehigyis stid @olengtiyvandyexpensivg pracgise: latiae pringpe

outlet forc al.l, of the mass of the refri S r |1
cross secti g‘sﬁld'% Bﬁ.att géqh%pgﬁ§e@enr§£r§qr§gﬁﬁ§$§ﬁ'\gi %Pﬁﬁer gﬁé ?oﬁk%;ravﬂf@rgacr 0SS
sectional flgyhiféhr SEHibRIIANEhda® exchangersurabeCThy . redbors fobthiay itigt a
single inlet and outlet, the channel |length and the velocity are increased,

and t heL ef ortberenaeers o be sufficiers ipatesiabbeiaetnthposhannelfoto RIOV|A$R 43O n t he
i ce machi . i . |
" GO 88 rorAng ih e B Hnstdhd BrestBf, Prcfionoer of the

prior art, e he Tefrigeran oclty isto
15 [0005] The refrigerant in heat exchangers disclosed in prior art is

introduced into the heat exchanger through a single inlet and removed
through a single outlet. The refrigerant is driven by the compressor through
the internal passages. There is an optimal range of velocity for the refrigerant:
If velocity is too small, the heat transfer efficiency decreases, and there will
20 not be sufficient velocity to carry oil, which is picked up from the compressor,
back to the reservoir of the compressor. If velocity is too large, the

compressor will waste energy.

[0006] 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 inlet 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.



I ncrease the cross-sectional area, which increases the cost of

manuf acturing.[0007] It would therefore be advantageous to have an ice
maki ng nawbize/osddd a heat exchanger -that has a | ower presIN2805700436acr 0SS
it, as well as a velocity of the refrigerant that can be reduced to an

opti mal rangg, 008] Jt woul d be, further, adyant agepus to have a heat
exchanger foﬁw@&g in a'lthPPIHeﬂ‘%?fqr%ebW?Hgaqel%‘g an'rsﬁ‘aﬁf@ ARd'Eeei Magmg

i nexpensi ve magRRle witRAPRkat éxcManylr BRatHis! Q%wéld}éﬁé?sfsﬁ&e@k@p herdagvie &4 heat
exchanger in which the refrigerant passageways allow for the refrigerant to

cone into a Wekaser velegitkef the refiigenant thatcanche veducedie arepriimalrapget he di sk

surface, to inprove heat transfer. [0010] It would be further advantageous

to have a f|[008]at e hkavowdd deafugther iadvantageous do davera haht exeteanger Hon so
e to w.thstand high

as to provide hLUgh Pﬁat transfe%. Eﬁjtt were still abl. _
pressures of YFHET 7 SPTIPREE igqMaciypg fhat a0 bRemadedn andnexPeiSiNe 'WaNaR" ce

Ki hi Lth flat plat t h that all ' t
Rl S T W R T B G
little addi tivARAl tHEOYEFigbrint PacEageWhyd aNdl RytheGefridé?aiilo EhRICints a8t @

further need to provide™a scrapi ng mechani smfor an i'ce naking machi ne that
is sinple, roleater degreeas theymadropntast withl the quajosty ©of the alisk surfaceeta o
service. Summary of t | nvention [0013] In another aspect, the invention
is directed W'ﬁﬁewsgﬁaf‘%-f or heat exchange, conprising at |east one

fluid inlet, _at, least gne fluid ouflet, a first outer plat nd a second
outer plite [N nferonsybe et snntadsius’e Ttk &ulf B PERLo
bet ween the &xdrdng@hdn SRRRACthHRUbEfer Wallse werd NRin BBEAs It8YSlovile hRftshebf part
defines at | east one series of fluid channels. Each fluid channel is

defined i n ptansfey huiavarasdll able foawighsdand highairessiwres of dhe efegeranind by t he
I nner |ayer. The at | east one series of fluid channels makes up at | east
one fl ow pat [00d]ween Ahether needss tmprovidaiad i¢enimakingmhathineawith datplatene
fluid . :
heat exchangers that allow simultaneous scraping of several heat exchange
15  surfaces with a single driving motor and little additional power for each

additional surface.

[0012] There is yet a further need to provide a scraping mechanism for
an ice making machine that is simple, robust and easy to service, and

requires little clearance to service.
20

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
25 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
30 one flow path between the at least one fluid inlet and the at least one fluid

outlet.



outlet.[0014] In another aspect, the invention is directed to an apparatus
for heat exchange, conprising at least one fluid inlet, at least one fluid
outl et, awbiostooomsver plate and a secofid out er pl ate, amdTAM200500985ayer .
The inner |ayer is sealedly sandw ched between the first and second outer

| ates. The i I ' rt. nes. at_l.east one flo th
betweon tho A00 Lot ona¥ndifig” pepc "R inbROOAT™ Bhec®t 4T Srer@id B The
i nner | ayer rhmat@xchange) gompllt%iud@ta?]aﬁt_ﬁ]nﬁ ﬂmiutiplfet,sacrbta@m?némtat# aaﬁérr]t, geflne
t f the flow path. e sections mate together i
o ke SATRART ableahia kol P, 0 enamoaore. T s g
[0015] In onds ssaRéfly safdwihed bBAREeRiind fiRst dNEPREAA SORPTISES TheMider o
ice machine with an ‘apparatus for heat exchange. e heat "exchangeé
appar at us 5i nd@ygieat lepst int part sefines it deashcneefiove fpatfe betvedery thenat st onbape,

fl ui tlet, h | ted at a
poi nt mear or i ifiet b toret Est BB 0B oyl e g oMby SRS 1 ons
in a puzzl e- tiygladera plugsitgof seetiomethdt kachadefim@tome bt ol @égﬁﬁentga&f‘th?f the
sections cong(gi ses a thin piece of material with parallel flow channels.

t

The puzzl e-t yi9¥ BAthanfRensRctions mate degathentn alpugale-liker canfiguratisndta makeow
cont i nuousl ya“é’iré’ﬁb‘;"gﬁ”ﬁi&l‘ ef ’hetiﬁﬁgfﬁpeﬁhe different sections, and out the

outlet. An a tion eature S ‘enbodi nent is that the sections are

confi gur S t the Wel@l Laner surfaces. of the top and bottom
pl at egcoﬁrg i go?ﬁﬁcont aé’ﬁmévm ﬁts%éﬁg{ f"f'ﬁ%&“?‘?‘ﬁ%‘*ﬂg Qtff\tf'Su'&P{ef‘ §é’gﬁ?r5ﬁ§. aIn
one enbodi mermhillef ohéceé machinenwithhansapparanss Gbr friak! édhdnigaw Thanalts are
corrugat ed mat Sﬁi al, and the, przzl e-type arrangenent is symetrical wthin

the plates. AXENENIMaAPPIatEtKklydesdiat feriandbotiom Blatﬁ&r%fr@enﬁﬁéﬂytmsame t he
. y," eativd f :
1, ove SR St O A8 Bt il S HIRREL Dot o

advant ageous enbodi nent, ere are two ets an
whi ch is evepointdieac et an thegedde obthpeplates, las welpasra plutralitynoplsattiond i 4 he

?}c g;egﬁggé 8?@&2&%88%%?%@#&%@{26&%%%5 Oet ioopmaﬁldalt)gt?on%ayglgtelsr.]Céalljc%e o?rt]hé nner
sections comprises a thin piece of material with parallel flow channels. The
puzzle-type arrangement of the sections allows for the fluid to flow
continuously from the inlet, through the different sections, and out the outlet.
An additional feature of this embodiment is that the sections are configured so

20  that the majority of the inner surfaces of the top and bottom plate come in to
contact with the fluid flowing through the sections. In one embodiment of the
invention, the sections of parallel flow channels are corrugated material, and
the puzzle-type arrangement is symmetrical within the plates. Additionally,
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 ring 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



i nner and outer ring extend beyond the sections of flow channels. The flow
path of the fluid through the sections preferably includes the fluid

f1owi ng iwotbesmegivot he inlet and in t®dwards the inner ripogicA2b@moddsowi ng
around the inner ring towards the outlet, before being directed back and
forth, first towards theinlet, then towards the outlet, along paths
successi vel ynlet, d)lsm taveards dhe outiet, slang paths supegssively Rlosegke Eh?eoqiﬁf [eg.
[0016] Anot her ture of bﬂg lRe sent invention is an apparatus for

scrapi ng nataé' i) Yr%‘ﬁ?‘b‘%} ?1 pl ates, which conprises a shaft passing

per pendi cul t hr ou f oll |

positioned %Hlxgen thg‘rlﬂtﬂé?e e r[eno tP% %E@Lﬁﬁﬂenlﬂgﬁt gt%){vr dr’ﬁé@%efoédge of
the plates, sariling shatkhialfrofChemeen mspltatwmlai eog\ptnbeslaeﬂgaﬂlpe‘ssmbe
carrier, an inner carrier with means to secure it to the shaft

posi ti onéd perpendiculady taraughethe; eentre of the Ripteh R JEW: C3if '?ﬁlpﬁgE'RQeHOI | ow
carrier, Qe 8 ﬁe? LOQifg 1S8kth lsuffticht 6 TRYER the 88 Esofttﬁecpﬂé‘t%cé the
AR 5

i nner carri oW carri n one enbodi nent he securing neans
is a plate Wr@ﬁ@ éfcsdrbﬁensrrmsltlormdraleng dimildm@lth eﬂtha)caﬂmer sarafriner garngs| | |
t he renpvabl e connect

h
hol | ow carr Mé'F fﬁﬁan§l t%)g%ge%nﬁg r']tstpnn&yesﬁéﬁfgaﬂa F{%tgmg‘t@ﬁganﬂgeem%%g? ;?? ey G 'hhe
preferably s ﬁ?q RRAEHIA LY hbffow @URTET! MleBins dort fodting1eie dHaet, @d@e t hat

is in cont act Wlt heat exchange surface wears out, the opposite edge
may be used retﬂwablwrmaanent@l connect the firnestcarrier itk NAIOWEATESN- s 0N6017]

I n anot her a i nvent.i on tMSert ri ses
a frane, a 'ﬁg‘&‘% me;?“ e qe&yrlBga{péglp'sg% F%Wgeg'eﬁégé)?g%g p%far%llmvm thin
the frame, R footheCoNa. nA@lwéwttse:p@huvmea:ombunmg)mearsrmaymmaauolt
exchangers, and scraping neans for renoving ice c stalsgﬁ for n t he

surface of tthat raatbecsemayress. thephallow EW@HM%YHS €are
e 2 pskfabinf Hbrefati S8 e lgh iatyRe | BibarATRAS Tr@@é?&rblé QQlﬁét In

anot her aspec esent nvention relates hod for establishing
an over ajs ognén theesigel that jsainhcdmtact with ithe dteat @xahange setface waags out,
the opposite edge may be used, thereby extending the life of the scraping

mechanism.

[0017] In another aspect, the invention is an ice making apparatus that
comprises a frame, a plurality of flat plate heat exchangers arranged parallel
20  within the frame, means for continuously supplying a solution over the heat
exchangers, and scraping means for removing ice crystals that form on the
surface of the heat exchangers. In one embodiment, insulation panels are

secured to the frame to create a generally sealed compartment.

[0018] In another aspect, the present invention relates to a method for
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, comprising the steps of: providing a plurality
of sections, where each section is made up of a parallel set of flow channels;
cutting each section at one or more angles to selected groups of parallel flow
30 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



an apparatus for heat exchange, occupying substantially all of the surface
area between the inlet and outlet, conprising the steps of: providing a

pl ural i t ywofoemobisons, where each sectdon is nmade up of paTmanasimwbsset of
fl ow channel s; cutting each section at one or nore angles to selected

groups of pa f hannel s: abutting edges of each sectiop to one or
nore ot her sé@ﬂftlg(‘ﬁ‘l? ,s%’?ﬁeﬁ@@leﬁgﬁgﬁlﬁsta&]@ng'l%\f\&bgpﬁ‘tt WﬁEFﬁPﬁ/g% S&FE%’&W%; and
assenbl i ng timelrrcharans fiow patbiead bppbsite drddtiong b dnethoth&ch section may

i nclude allcontiguous and parallel channels at any given point, whereby a
section may Emlsgde paDérclashb&y BAHNAdVANABRSSHf Ghdi HEGEE ORAI A BRR
anot her. [0019] her aspects and advantages of the device will becone
appar ent f r oagPR&ENt dremwihey follawing eBetadledr Descripticm dindh ¢he cacnopapariying

dr aw ngs.g Br%igwiﬁgécri ption of Drawings [0020] Fig. 1 is a transparent
front view of a heéat exchanger in accordance with an enbodi nent of the
present invention. [0021] Figure la is a transparent view of the heat
exchanger shown in Figure 1, with individual flow channels renoved for
clarity to iLlustrate, fJowP t hs, taken by refrigerant through the heat
exchanger . [é&ﬁ%ﬁé‘ﬂ%ﬁ%&ﬁ view, partially in phantom of an ice
maki ng machi ne in accordance wth another enbodi nent of the present

i nvention, incorporating the heat exchanger shown in Figure 1. [0023] Fig.

3 is a cross-sectional view taken along line 3-3 in Fig. 2 . [0024] Fig. 4
is a side vilOQ201 a scFigpi hgsdaviraasparent dranti vigworoé ai beatoexehangsrein

[ 0025] Fg. i % | € A E%ﬁ >t 1 ng the scraping

devi ce t{o(gt hécdgcﬁ%?@‘c-e.e B\%‘]&E?éd' ?’gtrg:‘l ?ﬁ)e%e\r}f@\?vgﬁﬁéd'he top web fromthe

oD P e RN 5 1458 G CRGS e ha buchGRG B P
Figure 1, with individual flow channels removed for clarity to illustrate flow

paths taken by refrigerant through the heat exchanger.

[0022] Fig. 2 is a front view, partially in phantom, of an ice making
15 machine in accordance with another embodiment of the present invention,

incorporating the heat exchanger shown in Figure 1.

[0023] Fig. 3 is a cross-sectional view taken along line 3-3 in Fig. 2.
[0024] Fig. 4 is a side view of a scraping device for scraping one side of
a plate.

20 [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
25  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, connecting the scraper to

the web.



scrapers. [0028] Fig. 6Cis a top view of a mddle web of a scraper. [0029]
Fig. 6Dis a top view of the bottomweb of a scraper. [0030] Fig. 7 is a

si de vi ewvofo@/qbwot shaft, connecting-the scraper to threrTwaojsD0dks Fig. 8
is a side view of the scraping device used between two plates. [0032] Fig.
9A is a top view of the web fromthe scraping device in Fig 7 wth a pair
of scrapers [@®¥Hect ed Fi® 3 is a[ gdgyjewiqf theTapiag {ASYIGH %W‘gpep’}’féer\‘/\é‘ﬁof rom
Fig. 9A vmt_fbrl)#g the scrapers. [0034] Fig. 10 is a side view of the spray
tube used wPlh The scraping device in Fig. 8. [0035] Fig. 11 is a top view

of the secti In analt at i ve l.e= r Fg?ﬂg i

pl ates. [005@??% gure ﬂa&é%%qu\gﬁgééfrtgﬁwe&ﬁé@vhgﬁggﬁe |e%?§gl\)?§ﬁrgrfgd;? shown
in Figure 1lyith blirididcrkdpéretohheuteghainnel s removed for clarity to
illustrate flow paths taken by refrigerant. through the heat exchanger.

[0037] Fig. 466313]! s a m\gnohl @éﬁ%ﬁ'\ﬁmﬁ'oﬁﬂ@emwwm Righ @A iwithoat thee heat
exchanger sfiownin Figure 1. [0038] Fig. 12b is a magnified sectional side
view of an &ctaperative configuration of the portion of the heat exchanger
shown in Figure 12a. [0039] Fig. 13 is a top view of the sections of

anot her al t 40034] ve puFg! €0 iy peside nvigwoidhe speaykbe vsrd pithitbs sqraping) Fig.
14 is a top Vview .ofF.th sections in puzzle type arrangenent when the device
has only ond&VifED H8dCone outl et . [0041] Figure 14a is a transparent view

of the heat exchanger shown.in Figure 14,  wt.h ind]yi flqw S
renoved for [OP&P) ty tcﬁg-l §2LR 'Pl“bwllb‘ﬁtst?é'?ﬂ?%aﬁfﬂgg{*art‘lfvsg)r%%[é i ?ough
the heatysexclipdifiment between the plates.
[0036] Figure 11a is a transparent view of the heat exchanger shown in
Figure 11, with individual flow channels removed for clarity to illustrate flow

paths taken by refrigerant through the heat exchanger.

[0037] Fig. 12a is a magnified sectional side view of a portion of the

15 heat exchanger shown in Figure 1.

[0038] Fig.' 12b is a magnified sectional side view of an alternative

configuration of the portion of the heat exchanger shown in Figure 12a.

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

puzzle-type arrangement between the plates.

20 [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.

25 [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

30 arrangement of the horizontal embodiment.



[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
vi ew of awoabdsaombi ve enbodi ment of the ice machi ne whece/daArersnsedse
exchangers are situated horizontally. [0044] Fig. 17 is a top view of the

col l'ection papoasf sweengr ﬁgﬁ@r@gﬁgﬁgwgw I e SEARY WeyE G TRA Wifh045]

Fig. 18 is a top View of "the scra evi ce u rrzontal

pl at es. [O004d)orogtal pdates. a si de vi ew of one pair of scrapers for

si mul t aneously scraping two horizontal plates. [0047] Fig. 20 is a side
view of a sir{§046kcr apilfig. 40 dsrarsidé eievs of ape paireofrsuragenstfal sphataneou8§4 8]
Fig. 2 1is a top view,of. the scraping elenent that is in contact with the
hori zontal plSEraPINgdwadicriegtal Q%t?g a perspective partially transparent
view of an ic ki ng hipe in accordance with anot her enbodi ment of the
pr esent iﬁver{ﬁggm, [ 00509 & ¢ aside yiewLlq siagly Wbmgtﬂ@“ﬁﬁgﬁﬂfﬁgr@iwﬁ ig
Figure 22. ' ription of the Enbodi nent [0051] Reference is made
togFi gure SDQ{VﬂZIgﬁgaslﬁﬁg an i ce-nmaki ng machine 10 in accordance with a

first enbodi f the;pr t, jpvent The | ki n Chi'ne‘iﬂlfg
conprises a ?gl’hgfl ty g?laf ?Eﬁgﬁg eg'%yaﬁpg‘fcggﬁbﬁﬁs%?w?tt hiSdNs 6?tt
frame 14, a ssithathenigorigositaipldte. and a |iquid supply system 17. Referring to
Figure 12a, each heat exchanger is nade up of a first outer plate 42, a

second outer [DDagp 44 ong. an isnaepeﬂsﬁé@t_iveﬂf%aﬁ%‘-ﬂytﬂr@ﬁ%ﬂhr@ﬁﬁ‘OWotff’tfh fied_st
and second outer plates 42 and 44. The inner |ayer 45 includes a plurality
of wall p@&rti'BRENG7MagBiNesin \AGcerdangs Wit poelget lrmbedimaniee§ flee pspeent one
or both of thﬁvérﬁ | tudi nal edges 49, a foot portion 5 1 may be integrally
joined to the wa portion 47. The one or two foot portions

[0050] Fig. 22a is a side view of the housing shown in Figure 22.

Detailed Description of the Embodiment

15

[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 refrigerant inlets 32 and one
or more refrigerant outlets 34. In the exemplary embodiment shown in Figure



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 def i neofbewosivannel s 53, which are®sed for the trameparazoeioosnss
refrigerant through the heat exchanger 12 The channels 53 are arranged to

provide a flo t f twee one re refri a
inlets 32 andwofrﬁ'e% 'E?ﬁn%rcegpégf K'ng ?‘Qqu‘g mteﬁs 13%0 '&@N‘BI%&? g"'
enmbodi ment  shioowever, Eusyult@rhatﬂ:él? d@%@bl@f@@'ﬂ@@ﬂéﬁt éa&:hlaﬁgéhq)zﬂto Rave feweMer
inlets 32 andtworﬁ 34 however it is alternatively possible for the

heat exchangeMoig! Weats 34 nore inlets 32 and outlets 34. [0052] A
flow path is understood to c rrBrlse the all of channels forned by the
sandwi ch bet W9882] he ouh dpwppathds uadersteprtto t:(ayelﬁsettuatall efichdnrwis éorfrtetd d

|nI et to c u I ter

"segment " % O@p ?%bﬂ&wl Heb%t“%%&'t iS5n @%" tcpﬁ%%a%\ﬂ Bﬁ}eﬁ I@é‘?\r&\‘ ﬁ?‘:é"ﬁf) ﬁ‘?f*éta and
outlet, it befluig intedetsaoadopbrtingnfiyida oatiel. eBy oforaeistCeid teRANAGNS pathat
are aligned |,,nF8ar at,,l el arrangenent throughout the | engt h the fl ow at h

(through all PR 1Snkse [RyAETINg R POBIRN Rhrhe drpapathyt ewvetemeamlalﬁt@mdh
segment ) bel of\gelt Ojt thesin ft‘!ﬁ%e 868 th t59@5§]seﬁ gecffe&gg 2t i 1oy 1a.

By joining the wal | portion tot ter ates using t gfoot
portions 5 1, allg@eérlalpaialldrara@mmem tbmughwdthéjlmtgih\thetﬂlﬁgepam {thedughhe
wal | portjon de relative that a.relativ reat er
number of1lovvaIEfA" ?ﬁﬁ% rgrﬁ%r %%C"%%@&a’ﬁt'eﬁt"t%&t%ﬁcﬁz’w BAY seamen 85’ gto
posi ti oned beheeamd mgmer plates 42 and 44. This in turn p!’OVI des a
relatively greater nunmber of structural nenbers between the first and

second outer pO8SEs 42 I@é‘f@ré’r?ce iS'thade itd Ftl i@ 1§0’Bé/i' '@tﬁ&%aﬂ%lgﬁ(ﬁ%nger

12 to resist deformati on of the heat exchanger er ant
circul at ed t Hedhgwutereplatemadiands44 Uﬁm‘erthprfestpoﬁlonﬁcﬁmlts]evémi duvanhtages

(207 Khay andiarolBrEEeI0RE d8ehis et Byl RBLEE AZomAghPerias
Wi t hst andisat rekaivelyuthin,os@lthat a3Ratieig gté’&éf’ ri@ﬁ’nBer of wall portions 47 and
associated foot portions 51 may be positioned between the outer plates 42
and 44. This in turn provides a relatively greater number of structural
members between the first and second outer plates 42 and 44. This, in turn,
configures the heat exchanger 12 to resist deformation of the heat exchanger
20  when refrigerant is circulated through the channels 53 under pressure.

[0054] The heat exchanger 12 may be expected to be pressurized to
between about 30 psig (207 kPa) and 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 facilitates’ maintaining the



However, in some jurisdictions, the heat exchanger 12 may be required to
wi thstand pressures that are higher than their expected maxi muminternal
pressur e woriswgouse. For exanpl e, the h¥at exchanger 12 poaycA2eospoodss gur ed
to withstand as much as approxi mately 450 psig (3100 kPa) to neet |ocal

- : i edicti B Vi relatively thin wall
borti ons 47, PpEeTeziay EaCt88Ry ehBeuRE. T Mckps arihalaiparians | n
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sel ect ed L empo Wil gsriofaa 1§ SRS aP Yyt Aend Bhdy

' B ré' .47 IS 0 t
Tw. The thickness Tw may be, for exanple,’ appro !mgt eé@gg'.”&)tgly ?@%W
The channél v ItjstRderstaey duatibe channel widti Wi mgedaot be ahifgfth lanBGhkt ons

47, i s shown " roxi matel y 16" (4.8 It s
unaelr :t ood t hﬁmﬁgaﬁﬁgn@% \l/)rmgﬁ ﬁ%@h Bgﬁ'oﬁ'oqf?ié% Cﬂﬁé'f‘%'rﬁﬁ%ﬁr ¢Indheneds @
"channel wi dtfitid cehtacs irterfadewitarthé 00tedplates 40Ny g4 53 wherein there is a
fluid contact interface with the outer plates 42 and 44. [0056] The ratio

of the wall pi@OSEPN t hi ckneﬁhé\ﬁaﬁ&ofﬂ%wang%‘?dioﬁ’%rﬁéﬁhe‘é%eﬂwgRﬁ%'cgﬁﬁntepa”

approximately 1:8, is nore preferably betwe approxi mat
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Li : 0Xi ly. 1: 25, ch as for exanple
appr oxi macel ot ISTEHENY Jci ot R RER] 3125 oot Biterabiuniges en
structural meappeoxin(ately th20wahhd peniay obe %Mééﬁ"‘%ﬂ)ré)hﬁ)afgflgs'[t?@d axgcond

t 42 and 44 the thicknesses of the first and second tes 42 ‘and 44
Prlal;‘ EZ kept r3HPIPX %’W%ﬁ%ﬁ afior RxaIpissapproxinately 5224nd second pl at es

42 and 44 ar at Tpl and Tp2 respectively. The thicknesses Tpl_and
Tp2 may eachelgéggﬁgroxi%héwpg(ﬁ nelalivelyzgraateronurnbesof $i0dE6ial firemberst (ie.

ortions 51 My ({6 rtions 47 have a thjckness
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: 15 thicknesses of the first and second plates 42 and 44 may be kept relatively
low. The thicknesses of the first and second plates 42 and 44 are shown at
Tp1 and Tp2 respectively. The thicknesses Tp1 and Tp2 may each be

approximately 0.120" (3 mm) or less.

[0058] The foot portions 51 that are connected to the wall portions 47
20  have a thickness Tf, that may be the same as the thickness Tw of the wall
portions 47. The foot portions 51 are preferably relatively thin so that they
interfere relatively little in 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 first 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 portions 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



portions 47. The foot portions 5 1 are preferably relatively thin so that
they interfere relatively little in the cooling of materi al deposited on
t he out erweundeame®oof the outer plated?42 and 44. The f eotr/q@avdsionse5 1
permt the joining of the wall portions 47 to the first and second outer
pl ates 42 and, 44 over aggrel atively large surface area, thus providing a

rel atively Jefigesant hat flaws dhjavighithe higat exshangarakiolhs terme sainanting' she

wal | portio Ttol r i ' ; ' . and
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corrugat ed shepurality eofi 80. ta\ PBQrdedree ditedacds satcthenseclionmbprdersyradred
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se?ect ed par'éﬁ?% 'a%?%v&“ﬁ'é'?hgb'&f" A& I’?é’up%lﬂgée 3%"%'8_8 f’ﬁ@gﬁgﬁ)l opgtiadly  The
flow patlss meyefsednadRakp ohee dRNEValKeY paREME HndN@s Ayl MEktRAS tinidieimapunt  of
heat transfer that takes place per unit vol une ofrefrlgerant that flows

t hrough t he Wihiatingopaffejar Fop examele, @s shayn e friguie' 13, dhe yeliket @Ttt@ﬂe(vf to ?
g=r == e Yy Dy fis] _ el
flow path secmﬁﬂas%ﬁhg'gb&.taﬁ '&?ﬁgeéée gﬁyogeg%@gée{ah Muuﬁ.t;&%mﬂégg érfgll%}ﬁ‘él' y o

90 to 180 degree Intertaces at rs) or Gsi ng
at | east ondloacpath segghentsecti on interface) partially reversed at |east

once in a v-like pattern, and usually nultiple times in an undul ating

pattern. For[0880pl e, Makingake inmerFager 45 #3m bffuiality sPmBEhg Yeltiohs gbannel s
at the sectiqgn interfaces may be repeated multiple tinmes in a single flow

pat h sedfento! ¢iBis@tedsReRl Mater 'ﬁ"rﬁfgﬂidleéy%rselﬁ&tﬁm‘ oentingofasrthei figw gfatht i ng
sections 40 i I | ROV sel | for
the flow patﬂk}l‘?s)\,”egé S#E%E’Qﬁgfg?m%’“?ﬁ% HV\%IH ﬂg%rs Srﬁctﬁ%bhgé,h ‘%‘ﬁ?‘ﬁ*‘?%?t er s
of the wal | gnerin ters4af Hrel outert plates 42 artk 4dped albatprevidsandekdivelgnd

al so provides_a relatively .inexpensive way pf incorpoyating.these

advant ageouén?)éoﬁrﬁlwgswﬁxt% 'Pﬁ%’lpﬁéagtnggﬁ'@ﬁﬁrﬁf@@"h@geoﬁjeééﬁ?gJHQ tZ'G 'P\%ﬁte.

together in excRHAGéE1d. KiheCoutitiond! 40 hizite tbdHENIA szzrebm@éoﬁfrg[wé A

are not limted in any way to traditional puzzle-piece shapes. T0061] The

t erm " cdbrudheugh their shegesrivaplpp viewdare net dmiteddin any ngay to traditional
puzzle-piece shapes.

[0061] The term “corrugated” is used broadly to define an undulating
pattern of bends which serve to define the height and width of the channels
through which fluid flows through the heat exchanger. The shape formed by
20 the bends is important to the extent that it defines the dimensions of the
channel including an at least partially coplanar surface relative to the outer
plates 42 and 44. This coplanar surface, referred to herein as the foot portions
51 of the channel walls, has a width Wf that relates to an available contact
surface sufficient to form a joint with the outer plates 42 and 44, whén the
25 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 profile could be used to advantage albeit with a somewhat
lesser contact surface. It will be appreciated that the smaller the foot portions
30 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



pattern of bends which serve to define the height and width of the channels
t hrough which fluid flows through the heat exchanger. The shape fornmed by
t he bendswooéenpoerobant to the extent-that it defines thecdiornsioonssof the
channel including an at |east partially coplanar surface relative to the
outer plates 42 and 44. This coplanar surface, referred to herein as the
f oot porti otradeoff hetweer theramueint ghsealinghsiwfaceprgarang theramopal eft dikegto an
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anount of sealing _sur
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eren
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Fi gures 13 show eat exchanger a set” o ow pat hs
bet ween two grnhetes adRcentis¢éotivnsud0,edcs thed whengtheesedivnsrate Ipatasotogethrsat

exchanger 12 with a set of, flo th inlet 32 tl et
S0 T0065)  iens st puler diarsy b chafinels 5 Togned dvMereario R TErBE one
or nore ad] Qﬁﬁéﬁioﬁﬁ?@grﬂg%% HoioR A0 dAtheIREr $dQionesd.i TRe seicendwieeton aget her

along their outer e s, the channels 53 formed by the corrugations change
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so on,
section 40 may include all contiguous and parallel channels at any given

point, or a section 40 may include parallel flow paths in opposite directions to

one another.

[0064] The inner layer 45 may include an outer ring 48 to sealedly join
20 the first and second plates 42 and 44 together about their outer peripheries to
prevent the leakage of refrigerant out from the outer peripheries of the heat
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
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
30 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



to establish an overall flow path fromthe inlet 32 to the outlet 34. Each
section 40 may include all contiguous and parallel channels at any given
poi nt, orwe w@afo®n 40 may include patallel flow paths PoTapROGI0MESs
directions to one another. [0064] The inner |ayer 45 nay include an outer
ring 48 to sealedly join the first and second plates 42 and 44 toget her
about t heir poecledep @scapperdfethet beatr exchangehmeditindge. defrigerantydroamitheut

: o D her! .
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t heret hrough tie rods 100 (Figure 3) which nount to the frane 14. acers
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t he one Or nore heat exchanger I'n selected positions. The ou ring 48
may extend ascape ouhef thiedreatlexpbangermdf the inner |ayer 45 (ie. the
sections 40), and also around the inlets 32 and outlets 34. [0065] The term
"seal edl y" i[g0e6d t 0 THef lesatiexchapgent2 mayhave alsheft paspahramghdaperturei . e.

the two outer plates 42 and 44 and the |nn I 45) whi | ud
escape of tH® @th%ﬁﬂéchﬂﬁrmﬁﬁ(@@.‘J'P’éghﬁgﬁ/g&h?t gﬁrBﬁ#?qEBﬁ?ecﬁFg%p?qsrayer

sandwi ch wh ' '
Sbout 20 porysin J5HB s Mefefrough ot Snrebaasts Serabrs 96 oh e sles et he

medi um 19 a thefhéah@xahanger 12. iltsocontemplateddhat foresome e@nabodimanth €g-seal ed

manner so as to preclude environnmental concern r i ape
out of tne min BEReAbEERdnaRerAS hoatet, Bl ther d A AREeE 12 Char
pass- t hr oughedpeidtitavethe shaftpaRsan@ughvdperturgebni t s the drive shaft 16
that is part of the scraper system 15 to pass therethrough for connection

to scrapers r@ﬁem bot hrisd fier Yhydrs HRAIERXEM MR Tink246 that Seslealygomisat ed
that for so enbodi nents, eg. when the heat exchanger is used as a
chiller, thdhetflist ancitseeantipiafes 422and 44 together along their inner peripheries

15  about the pass-through aperture 55, to prevent the leakage of refrigerant out

from the inner peripheries of the heat exchanger 12.

[0068] Each of the heat exchanger components, including the first and
second plates 42 and 44, the inner and outer rings 46 and 48 and the
sections 40, may be made from a suitable material, such as a metallic

20 material.

[0069] The joining of the outer ring 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
40c, 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



need not have the shaft pass-through aperture 55. [0067] The inner |ayer 45
I ncl udes an inner ring 46 that sealedly joins the first and second pl ates
42 and 44wbageidoesvoal ong their inner Peripheries about the/q@ass/diwseugh
aperture 55, to prevent the | eakage of refrigerant out fromthe inner
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h the inlet shown at 32a and
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channel's 53 in section 40a into Section 40b, changing direction and
travel | i ng aleffigeraatthaientersdhe heatexehangesii2salse flows40bhe betleeshdvgeaant

flows into s I: | 0t.o iog 4Qd rethe fluid
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di fferent seg of channel s than were taken through section 40c towards
section 40d. i‘—'tP'om section 40c, the refrigerant flows back into section 40b
and then bacquiYnto section 40a. As can be seen by the flow arrows 52, the
refrigerant tlnues Bbxdlibegnatad dhatiniatdeastconem of e sectiansi 40, rembhass t he

outl et shown e v! t e t l.hket 32a and .34a runs
t hrough one %%%Iroﬁefo%ﬁhtshréh@gzﬁﬁeﬁ%\ﬁ%%%&lg&ﬁgorkmhlﬁﬁlﬁgL'H ong digetion;’|  pe
noted t hat samealomgtotber chianreds imethei appiosité dirketiorent ers t he heat exchanger
12 also flows to the outlet shown at

15 [0072] Additionally, it will be noted that, in the joints between at least
some pairs of adjacent sections, such as the joint between a portion of
sections 40d and 40c, the channels 53 meet at acute angles, such that the
refrigerant flows back on itself to some extent. By providing at least some of
the joints between adjacent sections whereby the channels 53 meet up at

20 acute angles, a serpentine flow path can be provided.

[0073] It will also be noted that, in some other joints 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 permit a relatively
25 gradual change of direction in the flow path of the refrigerant from one
direction 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 sections 40. In the heat exchanger 12 shown in
Figures 14 and 14a, the overall flow path has a shape that follows the
30 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 incurred in the overall

change in flow direction is reduced.



34b in another quarter of the heat exchanger 12. Refrigerant also flows in
a simlar pattern through the inlet shown at 32b, to each of the outlets

34a and 3#b.20§d0Fdh It will be noted that in at |east S @UE/C2003809B6Ct | ONS
40, such as section 40b, the refrigerant travels along sone channels 53 in
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[0076] The inner layer 45 comprises a outer boundary portion, which is
made up of the outer ring 48, a flow portion, which may be made up of the
sections 40 of corrugated sheet metal, and optionally an inner boundary
portion, which is made up of the optionally provided inner ring 46. ‘The flow

20 portion may cover an area that is between approximately 50% to
approximately 95% of the area of inner layer 45, depending on certain factors,
such as whether or not the heat exchanger 12 has a shaft pass-through
aperture 55 and the overall size of the heat exchanger 12. In some
embodiments, the flow portion may cover between approximately 75% to

25 approximately 90% of the area of the inner layer 45, and preferably at least
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
30 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



proportionally with the path length travelled by the refrigerant. [0075]
There are tradeoffs well known in the art when increasing the path | ength
of the rekopig@r@nioo On one hand, |ongef®path |engths | neceaseodsveodss e t he
refrigerant has to renove heat fromthe material it contacts, making its

heat transfer I-¢i_ent . rter pat reduce the_pressure required to
nove the ref rqrgglﬁegﬁgofar@eh@rqéeﬁﬂg@af; Ségfqﬂ"gs%ﬁﬁce{ﬁ %Hiaéﬂlﬁ?'di tiue €ali ng
the refriger axchhhgaysWi in heasstidi pdsitidanys BHEWh an tRigereas " Ay are Mckelfint he
sections 40 ra%/ be used in the heat exchanger 12. e arrangenents shown in

Figure 1 and iﬁj?ﬁ"ﬁ!@%ve been found to optinize the tradeoff between
shorter and |onger path |engths for various size units, while providing
full coveragd0878} he seatweenaheaowtermhet peat exchangs] antdheriramel 44eis 45

conprisesza u ry.p Lon, ' s.made. up. of the auter ring 48,
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optionally provjded inner ring 46. The flow portion nay cover an area that
i s between aﬁﬁFb?ri‘gr%fﬁél 50% to approximately 95% of the area of inner

| ayer 45, depending on_certain factors, such as whether or not the heat
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45. [0077] THEALEXGhANOL ity thigHoB owlets: srEiuresand; bark Quih t he
heat exchange®ugf d%h@étid@/ﬁ@é%%t%?ﬁﬁé@ﬁtw&é} 96t Warr OPBRL A RAGA! | ©!

position is a central shaft ) e supporte nt si de of
the frame 1410 e gopled isofpupwred inje the. mMEchineh4Dt thréugls thei skeft 1B, dhept or

102 through %ppaei/%rdbé?@(er]t%'supr‘fa%leu&atlhiet Neaqfe}crﬁraﬁagresdﬂ%gosm 1n%9_z e%sfatlpcgrog gh
15 scraping device 26 that scrapes the outermost heat exchanger, nozzles 36
are disposed on the rear section of the scraper 26. While it is possible to
place nozzles 36 on a scraping mechanism 28 that scrapes two plates
simultaneously, it is preferable to place them on a separate spraying tube 92.
The scraping devices 26, 28 are then rotated by the shaft 16, removing the
20  ice-water mixture from the surface of the heat exchangers 12 and causing it to
fall down into the hood 38. Once in the hood 38, the ice-water mixture is then
pumped into the storage tank (not shown), where the ice is separated, and the
water is pumped back into the ice machine 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
comprises a carrier tube 54 that is bolted to the shaft 16 by use of base plate
56 (éhown 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 webs, by a pivot shaft 68,



apertures 101 in the apertured tabs 50 which are nounted to

supportingbrackets 20. The rods 100, brackets 20, and spacers 22, may hold
t he heat wech@nmers 12 in a vertical-fosition as shown ipaTKiAgQusmo®ssand are
| ocked in place by nuts 24. [0078] Between the outernpst heat exchanger and
the frane 14 is positioned an outer scraping device 26, shown in Figure 4
whi |l e the i shewngeFagurey ovdweetszs_hwmﬂm% $EQUIgR itdn lace. pbe 5¢aRets g%t ween
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surface of eat exchangers 12 and causing it to down into the hood
38. Oncdoi n of thehswrapes, Aheg.tt@mapewtens;dmioéthe ¢arear fube &t ifiond thﬁe

storage tank (not 0 i s
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are bolted t1g, itealdl@ip. thﬁdwgautmegn@rrohwm barriemsubeiﬁddandn$)aptayedtout[ 0080]
Wth reference to Figqures 4- enbodi ment s, of the scraping devices are
shown. Fi gurtee pozpl %ﬁsérﬂﬁ I#b%é‘? ®iates Wit theeshat- whi ch conmprises a carrier
tube 54 that is bolted to the shaft 16 by use of base plate 56 (shown in

Figure 5). \I8082H at tfiigurend showsearcannerescraping davice 2pWhigh Is used
15 between two flat plate heat exchangers 12. There is an inner carrier 82,

which is welded to the base plate 56 (Figure 5) and bolted to the shaft 16. An

additional, hollow carrier 84 slides over the inner carrier 82, encasing it. A

removable bolt 86 secures the hollow carrier 84 to the inner carrier 82, and by
doing so, to the shaft 16. A plurality of webs 88 are welded to the hollow
20 carrier 84. There are two groups of scrapers 58, which are secured to the
web 88 by two separate pivoted shafts 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
25 respective heat exchange plates 12. This design allows for easy maintenance
of the inner scraping devices. Rather than remove the flat plate heat
exchangers 12, all that is needed is to remove the bolt 86 and the hollow
carrier 84 may be slid out from between the heat exchangers. Furthermore,
because the carrier 84 is less than half of the diameter of the heat exchanger

30 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
bolted to the shaft 16. Along the length of the spray tube 92 is a plurality of



62, shown in Fig 6B, while m ddle webs 64 (shown in Fig 6C) are spaced
evenly along the tube 54, and bottomweb 66 (Figure 6D) is welded at the
base of tweedmeo®d4, near the shaft 18- A plurality of ecrapeis/ddsextend
along the length of the carrier tube 54, secured to the webs, by a pivot
shaft 68,shown in Figure 7, where its shoulder 70 secures it in place. The
scrapers 58 nazelepr3f.eabthe whatestflowvs mto phe gheftilp, st flows theasighathe sarayl f or

flake ice. [[008 Referring to Figures 6A a 6B, resti i n t 72 in
each web i sL“ébGF }ﬁl‘?st aﬁgr OVHShWQEh%?FaQ%Z@&g’%d ‘{Pg?wgé \Weélgedjeg Mt (If)‘$ ebgie%ttt he
first bar 74ygRfngére12elfaddesti ng between the first bar 74 and the second
bar 76 is a rubber bunper 78. This rubber bunper 78 pushes the scraper 58

away from bgboézﬁyz and e$6 SRBWRCAR RMEr VB BOdMEHt ST thbNEe frhaking! at e
heat exchander 12. The Shape of the scraper 58 allows it to be sinply
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u , and 1s sprayed out, e nozzl es t t 54 rotates.with th
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bet ween two 2 [ j [ 82,
whi ch 1's. wergedtafe i BERorSte BN BORat ralCi6y, faiing ARLIRANE! Mat?? 16,
An aidl t1|oonaét;<,chbngénsvﬂzwhidheare&digﬂbddlmizon@dlyﬁme demecallycparailerp@tioreiscasi ng
It. renovabl e bol 6, secures the hollow,carrie tQ. t | n '
82, and by GoPRETASalic! REVGR B tUPRTEA O HESputs{estt b 88T 250,47 eq T
the hol I ow qi{ddr e Bilectibffan?d®6 by'a pHiCoMSedingSBURIRIsS1§8, which are
secured to the web 88 by two separate pivoted shafts 68 (shown in Fig 7).

Fach pair ofgagpper s diuabAifie! dRehRodfibdtiexchtnga pidterarfftrs ppseaeat od
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the machine 210 through a plurality of connections, and is then pumped into
each heat exchanger 12 . Fresh water, salt water or any other liquid to be
frozen is pumped into the machine 210 through the shaft 16, then sprayed
over the surface of the heat exchangers 12 from nozzles in the scraping

20 devices 201, 202. The scraping devices 201, 202 are then rotated by the
shaft 16, removing the ice-water mixture from the surface of the heat
exchangers 12. The ice is pushed in an outward direction directed by orienting
the scraping devices 202, 201 towards the outside. When 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 rotates 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.



[ [ [ flat plate heat
of the inner scraping devices. Rather than renove the
exchangers 12, all that is needed is to,fenove the bolt 86 and the hollow
carrier 8#ormag/doeossl i d out from between the heat exchangerscA2busdobuss mor e,
because the carrier 84 is less than half of the dianeter of the heat
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of the plate 12 are aligned closer to perpendicular to the direction of the length

of the carrier. The differently angled scraping elements is not essential to the

design. Pin 227 is used to connect scraping element to the holder 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
outermost side of an outer plate 12, the scrapers 220 would be welded to a
carrier bolted to the shaft. Inner scraping devices 202, that are situated
between two plates and scrape the sides of those plates simultaneously, have
the scrapers 220 welded to a hollow carrier, which is then slid over an inner

25  carrier 82 which is bolted to the shaft. Nozzles (not shown) are directed at the
plates 12 from the carrier in order to spray the liquid to be frozen.

[0089] In the figures, 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
30 plurality of flow channels all of which are integrally joined as part of that
section. It is alternatively possible for each wall portion 47 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. \Wen the ice
passes t hwoeudsannmst edge of the plate4¥?, it falls dowecirrdazodsneogsan 206.
Figure 17 shows a top view of the pan 206. In the pan 206 is a sweeping

[ 203 : . : [ 0, to her, with the shaft
16, Sweoping {on KSR WG 2udeiat3n ol & ool faiBY BB péiahind i
perforated sepiscerthatlis.indigidublly soesmted Bdthepasteeplatde perforated section

212, the ice falls through the perforated section 212 and |ands in the sunp
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the ice fadl sgf ' i ' tion of the pan
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in Figure 18, sidadheieobrise a carrier with a plurality of scrapers 220. Each
scraper 220 has a holder 223 with a top section 226, a rear section 224,

and a front sEO91dn 225[n dmel f})gme;ﬁi mzeSgwhjakﬁr@t _ Zﬁﬁcl‘fi?é Hﬂ%& Qj'réggsgpgwgﬁf&t Rg
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scrap?ng edgeincizidadt hat are angled outwardly so as to push the ice towards,
and finally over, the edge of the plate 12. Successive scraping el enents
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to be frozen in another way. For example, referring to Figure 22, a sealed
housing 97 may be provided that defines an internal chamber 99, in which is
positioned the heat exchangers 12 and the scrapers 26 and 28. Liquid to be
frozen may be introduced into the chamber 99 via a chamber inlet 101 that

20  may be positioned anywhere suitable, such as on one side wall of the housing
97. The chamber 99 may be substantially filled with the liquid to be frozen.
Thus, the heat exchangers 12 are submerged in the liquid to be frozen. As
ice forms on the heat exchangers 12, the scrapers 26 and 28 scrape off the
ice. The ice may be collected by any suitable means, such as by collecting 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

30 panels 302 (Figure 22). Alternatively, the sealed 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. [0088] In
t he case wO 2a06/00098r scrapi ng devi ce Zég'that scrapes t lreT@a2e0sm006486Si de of
an outer plate 12, the scrapers 220 would be welded to a carrier bolted to

the shaft. | crapi Lces th are sifuat efween two plates
and scrape tﬂgegﬂ es ofﬂ?enggégg‘ga?%eg’%glsnﬁs{"‘étn@gugqtéﬁn%§6QRtWr%ﬁ% 220
wel ded to a fthefethvoughrtogsreviaht lebkage Ohee fifuid tovss fraBeh NMHis €8AN E4H b2
which is bolted to ,tggqigaft. Nozzl es (not shown) are directed at the

|

pl ates 12 fr GRCOAWIiE Anyrsuitalie meansush asky pirkialitytof Rackindgings.
[0089] In the figures, the inner |ayer is shown as being nmade up of a
plurality of [988%] ons, Altareative eonfigysations ¢fithe machine-110are passitlen/Vheach
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i ndi vi dual | y exshaegesdld.o the outer plates. [0090] In the figures, the ice
maki ng machi ne includes scrapers for scraping both sides of each heat
exchangerio | t[0086HI t er Nahile ehg ploowe ldescfiptioro menstitutes enfitesdimentshafighes to

have only a single scraper for scraping one side thereof. [0091] In the
figures, the Hreg@rﬁalw _'F?ﬂch'fn\é{ﬁlhé’joe t?@g)ﬁegﬂt@ﬂnq"t‘%t iqh%l Bffese%t piYBaIien yisof
heat exchangeficdgtiblet td makifieas | R YerBRge! WitholiP depariny ffé}ﬁ kP Rk ng
machi nes to include a single heat exchanger 12. In such an alternative, the

machi ne may iMeaniog chtheaceampanyip@claison one or both outer surfaces,
however, it will be understood that the inner scraper 28 would not be
i ncl uded. [0092] The ice-nmaki ng machine 10 has been described as providing

15



liquid to be frozen via a liquid source through the liquid supply system 17
to be ejected fromthe nozzles 36. It is alternatively possible to provide
the |i quiwotoodmeodonozen i n anot her way.22For exanpl e, refPemrrdargsionodssgur e
22, a seal ed housing 97 may be provided 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 chanber 99 via a chanber
inlet 101 t ha€laims: be positioned anywhere suitable, such as on one side
wal | of the housing 97. The chanber 99 nay be substantially filled with the
liquid to be frozen. Thus, the heat exchangers 12 are subnerged in the
liquid to be What®claiffed g€ fornms on the heat exchangers 12, the scrapers
26 and 28 scrape off the ice. The ice nmay be collected by any suitable
means, such as by collecting it in a suitable conduit connected at the top

of the chanbey 99. 0 rring to, Figure 22a. the seal ed housing 97
may be generally cy{a‘?'nag)ﬂaééﬁgﬁ ’@%%peé‘,‘;haﬂ SRS npri sed of one or two
sheets 301 of flat, preferably insulated material bent into a cylindrical

shape and sealed at jts edges. The chanber 99 is sealed at its ends by two
preferably insul ate® end gaieast onefluickinieli e 22). Alternatively, the seal ed

housi ng may be geneppl |y 146 g pe. [ 0094] The housing 97 seal s
about the rotating shaft iﬁg %%&E%Iggfgusﬂeguﬁ eret hrough to prevent |eakage of

the liquid to be frozen. Thiistsmdér plate mdaa warpht shedr blaténwhetsin akica
means, such as tb%' I%H?ghural i.ty of r%'%cki ng rings. [0095] Alternative

confi gurati ond'6fP AR AR;NRersYIrigce ghdsan py I Striase; igured as a
chiller, which coolg) but gdeesinpgt Iary;@e,z%&%m'ﬂwd@nﬂgheuawa&ers g e

is not required. Liquid nmay brought 'into contact with the’heat exchanders
12 by punpi nfandwiches betweendthgrfiisivand secentkouteapliates 98nd Whereintthe ddner

punpi ng det ergi : r i the liquid dis, cpoled b he heat
exchanger s 12%%}8%&?%%%5@ ?%in%g\tl)%\)égﬂe%?% so%f %%§B?Fﬁ%§sg%cﬁrﬁ’g‘dﬁr?ﬂﬁnt S
of the presergachnfuddichannel is défifedbia parpbgahatister Siataddsf BRE e Me LKt i on
is
plates and by the inner layer, and wherein 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.

2. An apparatus according to claim 1, wherein said fluid is a refrigerant.

3. An apparatus according to claim 2, wherein the inner layer is sealedly
sandwiched to withstand a pressure 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.



susceptible to nodification and change w thout departing fromthe fair
meani ng of the acconpanying clains.C ains: Wat is clainmed is: 1. An
appar at uswoanodpatooexchange, conpri sir@g: a) At | east onecfrlanz0osinbst; b) At
| east one fluid outlet; c) Afirst outer plate and a second outer plate,
wherei n each outer pl ate has an inner surface and an outer surface; and d)
An i nner Iaﬁer, V\héf‘eﬂﬁpatrﬁ%lsl agrordingyterclaign de 2, é’dl“y Waawheraia thetinrain t he

first and sagpideaifse?!dt ShterdOuNIME WOHibRCd 3P Lol B Eled® Shb & Rety Part

defi nes at st Series o anne n eac
channel is ctnfrtmmgdand eeticnally arhennembousdaryapertioh, amel whetdin thet eheetl ates

and b thelnner nd wherein the at | eas ne series of f|
e hanal & ralBeE porior orGR IpREr VBhepviTs A eRedhal AbaeEB P OKEEYi d

inlet and thspoat b eaﬁéroQﬁﬁatfeiyJ'%%Ufolfefhe ZareaNof aﬁi?\%"raidjﬁra%lor&é?ﬁ ple0

claim1, wherein said fluid i's a refrigerant. 3. An a atus according to
claim 2, whepdreximetelynfet tappproxdmately 3% gfamtmamedoft theniinnart layer,a

pressure of r erein
t he i nner 3)2?)“1B at‘f astféﬁup? ?%&5856& ol t@é%g% oé%g {Pg% oefs'nﬁér %P{Sma S
constituti ng:mronkanyaat lepst apmbxwmewtsa%aﬁth@aﬂea‘ oonwneelager.t he channel s
defined by inner |ayer wall portions that provide barriers between pairs of

adj acent channels and integral foot portions for joining the inner |ayer to

the outer plate ,
V\,here:Jn thg 7fﬂnan }I&gyé?b%gaﬁ% ?Es:ggrdﬂfgf;?%\%l%%r F?o\&\héﬂevﬁe%gicﬁ ?rh%emﬁl g{vesggrt I on

i ncl udes a ahannghwidths laedt wherein |%bh6NalA|poapm'ahasLa;\nmﬂcmmibnghtoknei;sai m 1,
er.ei,n t er. c i ses ter CBg ortlon

2, 3, 4, 5 .
and a corrgrgaﬁdew}qg‘??érélth‘?rﬁgog}ggtW%ﬁg orfig quﬁkn%ﬁﬂq he gRReW!
portion, andhgRqrgin the sheet

8. An apparatus according to claim 7, wherein the ratio of the wall

portion thickness to the channel width is less than 1:20

9. An apparatus according to claim 6, wherein the approximate ratio of

the wall portion thickness to 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.

11. 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 claim 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.



[ [ I s between
metal portion of the inner layer covers an area that is
approx?nately S50% to approxi mately 95% $_the area of inner layer, for
exanpl e approosaedeel y 75% to approxi mat €1y 90% of the area/@b2odsiwwodsaner
| ayer, optionally at |east approximately 85% of the area of the area of

: : ' ly .88% of, t he areg of .i nner
ayer. 7 hn aapar ain SERerHgs sbodRRl Bk %ﬁe%ﬂﬁ 18:fe e rinisiaess
channel wi dt hOfaihe WHtareplatesaim svrfacepaotrinamnibatorn Wit Ith@%drkmté{i“ %SS’

i j |1 portion thickness to the channel width is
?ggsm?ﬁ;ﬁl 2 t8%&ﬁé\“ga{%&gﬁgﬁJ@aarééeg'iod‘f’ﬂ@te%oélzé(%"F',')-V\,herei n the ratio of
the wall portion thickness to the channel width is less than 1:20 9. An

[ [ [ [ [ f the wall
tus accqrdin 0 claim®6, wherein the approxinate ratlgo
SEP?{ gnut hi ckﬂéss ? ? RPPEFRIHRACORTding tosclairnvidam 9. @hersid ai@nndiOlaydp

' ' i ' tio of the wall
appar at us accepffipides Oas! &itdt Goulas N .he apprgxi mate ra
pglrot ion thi cknessp?t 0 t he cl a.nneﬂu W E}fﬁ) |'@°%§'%¥ﬁ‘§f?T8 %cﬁ?ﬁtmi:e?ﬁs_ehefgl |
appar at us accoraleng) is sealed wittGn thé euteir bouRgagPpsraghet e ratio

[ [ | [ ly 1:22.5. 12. An
rtion thickness to the channel width is approxi mtely
ggparat us according to claim6 , wherein the thickness of each outer plate

' ' ' FJ‘ﬁg ; . ding to
vé6. t he pant n at appar at us. acco
Iclsa:Jm ;?r? 8r¢?2, _vmﬁg?eai%ﬁrﬁfeaét k??%ﬁnels giso ac'ﬁaemfﬁé Q(Ehﬁa(g orS& e'nHSFt{aMﬁ'é of

the first andCYBBEHRES At dAngNl Soupdatyapottion iands whicesia ﬂ@qaigﬁgggférgogp\é’gf 12

te t: | abod4,. An apparatus accordin _ _ _
E)Pelgo\r/\/:]gggi nﬁi]t e Tht C@%%gegdsw(gp I]"t te 8%8?’%[‘9?@5“?'#‘)@@%88@ ﬂtﬁﬁmhﬂu@darzygn ;
with the corrpodibpad sheet material is not nore than approximately O. 1I (
mm. 15. An apparatus according to claim®6 or 9 , wherein said inner |ayer
conprises an outer boundary portion and wherein the corrugated sheet

. . . . i ) appar at us
material is sgated Wntévaﬁérépug ¥ inﬁ%”&&ﬁ@% ,°v5r%e'r8|r}i th1e6heiéﬂts cprthe outer
according to claim7, werein said inner ‘ _

boundary portion and corrugated sheet material are substantially the same

and wherein the corrugated sheet material is seated flush within the outer
boundary portion.

18. An apparatus according to claim 1, 2 or 3, wherein at least part of the
inner layer is constituted by a plurality of inner layer sections joined in a
puzzle-type arrangement, and wherein the arrangement substantially aligns at
least one series of adjacent channels formed in each of at least two adjacent
sections 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 wherein each fluid inlet is in fluid communication with at
least one fluid outiet.

20. An apparatus according to claim 1, 2 or 6, wherein each fluid inlet is
in substantial fluid communication with a single fluid outlet, wherein a series of
channels defined by the inner layer wall portions define a different flow path
for each respective fluid inlet and outlet pair.



conprises an inner boundary portion and wherein the corrugated sheet
material is seated within the outer boundary portion and the inner boundary
portion. Wd.20dsmoapPpar at us accordi ng t@5€l ai m 15, wher ei rcrlE2b@Sighess of t he
outer boundary portion and corrugated sheet material are substantially the
sanme and wherein the corrugated sheet material is seated flush within the
outer boundatl por Anoappartusaacapidittteslaigcdr o fg Whereinatha flowopath & |
wherein at | : ] ro ' ed by a plurality of

i nner | ayer (gcg@’:t'lugﬁétbjyg‘;l R'té‘gaqlt%ega{ﬁfﬁkéﬁﬁ'f’w paetﬁ;%r%?’gﬂn%def%fent, and wherein the
arrangenment substantially aligns at | east one series of adjacent channels

formed in each of at | east two adjacent sections., and wherein the aligned
channel s at 2£ast ?‘1’? %ﬂqraﬂﬁ??@@n&tﬁt?'ﬂ'ﬂbﬂg W’H?ﬁr&;ﬁ'ﬂprb%?g\/@iﬁeasﬁé)’%

| east one flj ridxeﬁtsegﬁkgh lirgWéh iR ariess Bréim?@égtbﬁt}iau_ahgnn@htwwmat us

according to clal conprising a plurality of inlets and outlets

and wher ei n leashiwid anijacemﬂianén layémseddtiond. conmuni cation with at | east one
fluid outlet. 20. An apparatus according to claiml, 2 or 6, wherein each
fluid inlet is in substantial fluid communication with a single fluid

outlet, whergan a per apparitus BoRrlisg defdlaiad 18y of 2,1 WR&rein akierchaminkels
portions define a different flow path for_ each respective fluid inlet and

outl et pair.constitutingpaastare kpeblarengeeiorcam Manesrwih thephamnels phat 11 ow
path is consghLitad ?Moja%FH! ‘i’ﬁr%g' fayePfsﬁ@{i&ﬁ ShESE 1ddsP oA kiltretEHTRBNS patt?: AN
appar atus according claim 18, further conprising at | east one ihner

| ayer secti ogegmemisi ch the channels are in substantial alignment wth at

| east two adj acent inner |ayer sections. 23. An apparatus according to

claim18 or 22, wherein the channels constituting at | east one inner |ayer

section are p4igne@dnwddarbil ﬂmﬁp&oﬂaiﬁi 23 aaBérefthedib @ PRIt sbgmehtd ayer

section in at least two different flow path segnents. )
defined by the channels constituting said at least one inner layer section
directs the fluid in one direction in at least one flow path segment and in the

opposite direction in at least one other flow path segment.

25. An apparatus according to claim 18, wherein the channels
constituting at least one flow path segment through a plurality of contiguous
inner layer sections define a substantially circular flow path between said at

least one fluid inlet 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 define at least one serpentine flow path segment.

27. 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



24. An apparatus according to claim 23, wherein the flow path segnents
defined by the channels constituting said at |east one inner |ayer section
directs twe 2béesiocbson one direction in &l east one f | owppatda2e@sgeast and in
the opposite direction in at |east one other flow path segment. 25. An

appar at us accpyer i/dr QebfiGH BHmr [ e_channels constituting at |east
one fl ow path seg%nt tehrlgﬁu%%]l%aa“ uraa io'zgf/d%fa'lé]ﬁ? iaghlﬁj'é‘?‘?rfﬁﬁ?rb?t&’? p said
sections defi#ect®nsubstantially circular flow path between said at |east

one fluid inlet and said at |east one fluid outlet. 26. An apparatus
according to claim 18, wherein the channels constituting at |east one flow

th t st ti | L dgl |
path segment 24rouglAra @bpratis yaélfor&iﬂgnf[tguglﬁm' VLARY rF:-LnSS@%C' C}%Sqq&? | e

at | east one serpentine flow path seg An dppar a 0 o]
clai m 26, whefANSHYIRG ahdeass ene dlost ipath isegment theamighoat 6fl e prich Iagement

t hrough at | egsy; T ' r |ayer sectiops are aligned at 90
degregs or |ess |gb§ﬁq§%?| t€&r1%gégtrﬂj§8ta\ﬂgé’?q '5‘%&!%%? SEGﬁg'Kh appar at us
according to claim?25, wherein the channels constituting at | east one flow

pat h segnent :%Qroug ae% ural ity of contiguousinner |ayer sections are
al i gned at obflse a Paraluse 9G50EdING c &0 belaimenr & aiwheseirt i thes .cha®neln

appar at us acceyrétit@ingOat i florP i nel s constituting at |east
one flow path _segmen;g through a ?f?ﬂ?égﬂﬂgnf ﬁgﬁaﬁ;\bgr '”8859?36%{33%1'8%5| #§ned
at obtuse angligaed asrshawn evdmcene befigiresilond, 13014 Aadappar at us accor di ng
to claim 18, wherein the channels constituting at the flow path segnent

t hrough the inner |ayer sections are aligned as shown in any one of figures

1, 11, 13, 181and 1An aPpiratd¥ feeat akbsar isefFhange, conprising: a)
At least one fluid inlet; b) At |east onegyf’lcglﬁg;”gu ‘et; c¢) a first outer

pl ate and a second outer plate; and
a) At least one fluid inlet;

b) At least one fluid outlet;

c) afirst outer plate and a second outer plate; and

d) an inner layer, wherein the inner layer at least in part defines at least
one flow path between the at least one fluid inlet and the at least one fluid

outlet, wherein the inner layer is sealedly sandwiched between the first and
second outer plates.

32. The apparatus of claim 31 wherein the sections are configured 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 puzzle-type
arrangement of the sections is symmetric.

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

35. The apparatus of claim 34 wherein the corrugation consists of
bends which are substantially right angles.



d) an inner |ayer, wherein the inner layer at least in part defines at

| east one flow path between the at | east one fluid inlet and the at | east
one fl ui dwoubdeatoposwher ei n the inner 128%r is seal edly sazauwiahehobssween
the first and second outer plates. 32. The apparat us of claim3 1 wherein
the sectionsagre confy tha f the | de surface of
the top and bgttom pl a ﬁ‘?ébgg'rrraeiﬁ?ﬁgt%)la ﬂf’ gﬁﬂt Hiopgh, 5? MRsEERythere ough
t he secti onsarg8vo iletsamobtnal otleds. cl aimed in claim3 1, wherein the

puzzl e-type arrangenment of the sections is symmetric. 34. The apparatus as
claimed in claim31, wherein the parallel flow paths are corrugated

material. 3537The a [ t|on onsi sts of
bends whi ch gre sub%?ﬁbﬁaﬂjs’ & Bl rﬂaﬁéli"gﬁgﬁ 3%%%5%§§$§3ﬂ dﬁq@f%d in
claims 3 1 tﬁre)aghal%spamdraiomg theae@geaofathevpjaiml ets and two outlets. 37.

The apparatus as clainmed in claim36, wherein the inlets and outlets are
equal |y spaced al ong the edge of the plate. 38. The apparatus as clainmed in

claims 3 1 -387, wheTrhemdd&%tU@'d%thaWedJW b@ﬁm@rsq dsrﬂ‘f\nﬁé@"ﬁ Sthitgnd ! vi d
flows |ntoaS| ni ficant nunber of ath apparatus as cl ai ned
inclains 3 9“ € gre Wf@?'é?'ﬁ%%éotm@ ﬁhld sonhOpaaS@mfemihnunmbbudﬁ flow out er
ring and an pg ring. 40. 9 . The apparatus as clained in claim 39,

wherein the nner and outer rings extend beyond the sections of flow paths.
4 1. The apparatus as clained in clains 3 1 - 40, wherein the puzzl etype

configuratios of the.,sections of flow paths dlrects the fluid to fl ow
through the Bt et and's APR3R %Est%m%@rcﬁlm 1t héf, mheweinrtbertaptand i nner

ring tOWardsbéﬁ@n%t%teacﬁ‘?ﬁé]ﬁéeQﬁ'dﬁﬂerdr'lﬁgf %gnQHﬁemngvre times back and

forth al ong paths ‘around the I nner ring, Irections®first towards the
inlet then towards the

40. 9. The apparatus as claimed in claim 39, wherein the inner and
outer rings extend beyond the sections of flow paths.

41. The apparafus as claimed in claims 31 - 40, wherein the puzzle-
type configuration of the sections of flow paths directs the fluid to flow through
the inlet and in towards the inner ring, then 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 configuration of the sections of flow paths is as appears in Figure 1.

43. The apparatus as claimed in claims 31- 40 wherein 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 apparatus for scraping material from a plate, comprising:



outlet, each such path being successively closer to the outer ring, and
then directed through the outlet. 42. The apparatus as clained in clains 33
- 4 1, whwoenss/db®opuzzl et ype configuf&?fon of the sectipomgA2bosidoass pat hs
is as appears in Figure 1. 43. The apparatus as clainmed in clainms 31- 40
wherein the puzzle-type configuration of the sections of flow paths is as
appears in Figure 13. 44. The apparatus of claim3 1 wherein the inlets and
outlets are |ocated pjcxshaft pasding pdgserrficuliy Hraleh tHScerife 8PPRMGFhtds for
scraping materi al frE apﬁlate, conprisin%:a) a shaft passing '
perpendi cul arly thro 5”@ Hierennedtrd tadhg) shaft, whergin dhe j earrien entsrdsd t o
the shaft, whgirgiidl té%ﬁ%&é;i er extends parallel to the plate; c) a
plurality of scrapers positioned along the length of the carrier; and d)
means for keeping the) cplpality of scraperspositivhed aengothat lengtibof fHeecarpar at us
as claimed in g aim45, wherein the carrier further conprises a plurality
of nozzles for spraying a liquid on the plate. 47. The apparatus as clai ned
in claim 45 vherein dhenemmitor ieepitgane Berdpefs FFEREESwR IROBRAST Wi th the
pl ate conprises a rubber bunper. 48. The apparatus as clained In claim45,
further conprising neans for rotating the carrier. 49. The apparatus as

clainmed in clgg m 48, ] s ks @ notqr. 50. The
apparatus as cl ai _rredTE‘@n%{g??pag%geaoS; 8'%@1% ngn %&0459‘,”%%?3% ‘f%@ersg‘f’g}%r s
are plastic. compristha pipralitpolsozaecionisprayingadiguidosiety platai ms 45 to 49,

wherein the scrapers are netal. 52. The apparatus as clained in any one of
clains 45 to 5 1, wherein the scrapers include a first and second edge, and

where the scégpers aTlfe apparatus as claimed in claim 45 wherein the means for

keeping the scrapers in contact with the plate corhprises a rubber bumper.

48. The apparatus as claimed in claim 45, further comprising means for
rotating the carrier. ‘

49. The apparatus as claimed in claim 48, wherein the rotating means
is a motor.
50. The apparatus as claimed in any one of claims 45 to 49, wherein

the scrapers are plastic.

51. The apparatus as claimed in any one of claims 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 first 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:

e) a carrier positioned between the plates;



reversible to permt use of either edge. 53. An apparatus for scraping
material fromtwo parallel plates, conmprising: e) a carrier positioned
bet ween twe 2pécaoe®pf) at | east one sc%ér posi tioned alpomgAzbis/doessgt h of
the carrier; g) means for keeping the scraper in contact with both pl ates;

and h) means for rotafi L L0 allel to the plates.

54. The appar at us ofq%:Igligﬁqgg@?%‘éﬂraglé?\bgﬂgorgéacfgﬁgg%g I%‘ﬁggf@dcﬁ"%eﬁ shaft
passi ng per pendi cul ad) ymeans dgkeepingthat ssap&bin CBRad MY BStHDIREs CAdd M 53,
wherein the carrier %ﬁnr%ai ns .at Ié%ast two scrapers, each one of which is in
contact with one of tMhe SPAP LY rokdingthe capierip @plpae paaliehtomthernlates al f rom
two parallel plates, conprising: i) a shaft passing perpendicularly through
t he pl ates; je% an inper carrier with means to secure it to the shaft and
posi ti oned petbendi cdNgrapraratius ehskimpd, avhetein the lvarferais ecoriiected @ lzow

outer carri erggs s@d\i | at o, the inner carrier is in
sliding engagserren?é%/\,i t ﬁ#@hﬁ&rb}(}@r%ﬁ%@atﬁf at | east one scraper

positioned along the length of the hollow outer carrier; m neans for
keepi ng the apers 'bn cont act \?n Eﬁh the plates; and n) renovable neans to
connect the iTher caf PFAPPRRAIEOT KRN, sheseincthercastier eantainsatdeasttabus as

claimed in clstrapas, edet bE LT GATBN s 5h BanBoPlith Bkl of 1AL piigag! es for spraying

a liquid on the plates. ) e apparatus as clal P%i m 56, further
conprising means for rotating the carrier. 59. The apparatus as clainmed in

clai m 58, wh in the.r I ans is.a notor, 60, The apparatus as
claimed in cﬁiﬁﬁm 53 g‘P %@ﬁ%ts{]ﬁ?ﬂ&; éSWH’?%i'Ha?e&'a? from two"‘parallel " plates,
comprising:

i) a shaft passing perpendicularly through the plates;

) an inner carrier with means to secure it to the shaft and
positioned perpendicular to the shaft parallel to the plates

k) a hollow outer carrier positioned between the plates so the inner
carrier is in sliding engagement within the hollow carrier;

) 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.

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



tube secured to the shaft on the opposite side if the carrier with a
plurality of nozzles for spraying a liquid on the plates. 6 1. The

appar at uswe=oa@ooyed i n cl ai m 56, whesgei n the securing FERTA206E/00093k at e
wel ded to the inner carrier and bolted to the shaft. 62. The apparatus as
clainmed in claimb56, wherein the renovabl e connecting neans is a bolt. 63.
The appar at 69. as c| Bheregpparatasyasociainogd in glaim 8% ar H& Furthere cemprising a

scrapers ar | astic., .6 The .a rat us cl,ai. in. .one pf _claims 56
Co 65 whor 52 FReUBH B dpe HRE LM bbRadte fiu it THE Al YR el B "y
one of 53 t gobdles\ibiesrapingheliquid apans platésude a first and second edge, and
where the scrapers are reversible to permt use of either edge. 66. An

apparatus for cooling liquids, conprising: o) a frame; p) a plurality- of

flat plate fpgat excmégﬁgaﬁ% e el iRt 66, WhofUif ' SeddritiFinedhs TBans

for continuously bringi Into con eat hangers;
67. An appaishpate welded tothe ioaer camipr Bad hoited fo ¢hd sleafe; s) a plurality of
flat plate heat exchangers arranged in parallel within the frame;t) neans
for continuously bringing a liquid into contact with the heat exchangers;

u) scrapingggeans fpre I43PAhitG a8Yclhffed it SHdin® S61alvhERSIM BB Fdifovabiéace of
t he heat exchangers. 68. The apparatus as clained in clainms 66 or 67,

wher ei n eacleohpactingieangds abeltpri ses:

63. The apparatus as claimed in any one of claims 56 to 62, wherein

the scrapers are plastic.

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

reversible to permit use of either edge.
66. An apparatus for cooling liquids, comprising:

0) aframe;

p) a plurality. of flat plate heat exchangers arranged in parallel
within the frame;

q) means for continuously bringing a liquid into contact with the

heat exchangers;
67. An apparatus for making ice, comprising:
r) aframe;

s) a plurality of flat plate heat exchangers arranged in paraliel

within the frame;



v) a top plate and a bottom plate of generally the same shape, w) at |east
one fluid inlet |ocated at an edge of tr11e plates, x) at |east one fluid

out | et | owetzeab/@mbooan edge of the plat 2 y) a pluralityrcfi/cecdsionss bet ween
the top and bottom pl ate wherein each section conprises a narrow | ength of

material with parall lons. are.in puzzle-typ
arrangenment Wi !to h eac??I o@%g}r‘\é gg; '?' %QF § h%éwlb?)@vgkgt ﬁs"W‘iﬁ?tgag%nztﬁFteg‘f"é%aﬁWeow
for continuowRedtiexahangerse fluid fromthe inlet through the sections and

t th tlet 69. The apparatus as.clainmed in clains 66 or 67, whe_rein t he
(r)rgans fGO(r)ubriGngi ng tHg 51(19 Ng MREES {YnfeReving @ny:ine dRestalsetiah fergeoni thea

sprayer. 70. siifacedfan@hest @schdnergd in clainms 66 or 67, wherein a
plourzllity of insulation panels ing secured to the frane to create a seal ed

conpartment. 7 1. The apparatus of claim 70, wherein the seal ed conpart nent

i .cl ai.m 70. wherei n_the seal ed
compart mont 12 cyl | nonecaPerans 35 Sl i daink Bbror Beawharam,eash e ms
67 to 70, whemehangérecomprgesig devi ce 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:z) a carrier connected

perpendi cular to t hev)s t‘ﬂafeaéddeb bbﬂ?%ﬁgmcg]lr&'?e%"m% §uf"rgﬁlﬂis?}%Bof

scrapers positioned al on e length o ryrer; ?'keepipg
the scrapers in contwgtati¢ast onedluid miet;locatdd shiad ddyessf the baftes, conpri ses:
CC) an inner carrier 0, se t he shaft and positioned

perpendicul ar to t hex)\émﬁﬁ%a%g§ﬁglffuéq Of'@e {'ﬁ%alttﬁﬁtélgég edgg)otdhe platesy out er

carrier positioned bgt weslordlbeoPbédtRhsLtween the top and bottom plate wherein
each section comprises a narrow 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 from the inlet

through the sections and out the outlet

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.

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:



the inner carrier is in sliding engagenent within the hollow carrier; ee) a
plurality of scrapers positioned along the length of the hollow carrier;

ff) meanswbanosweepong the scrapers in3zontact with the pcat@posaochsgg)
means for releasably connecting the inner carrier to the holl ow outer
carrier. 74. The apparatus of any of clains 66-73 wherein the heat exchange
pl at es are situat edzyer cavigr gonrestedriperpgnsticulan o dhe sghafopamllel e the

t hrough 73, \%}grel n the heat exchange plates are situated horizontally,
further co ing a pan below the flat plate heat exchangers for

collecting the ice agyoved d)wtﬁ'élﬁy&ﬁrs@ﬁép‘e]sdmsitmedwong hiee a@mgthadfupeas
claimed in claim75, wherein the pan conprises: hh) a flat area; ii) a
perforated &M thin the flat area through whi ch collected ice may fall

further; and jj) meg Q)S for @WLEQS%E gsgfgsdegftrggolgg tt\nﬁhfthé%f)l? .ea

acr oss the perforated area. at us a alnmed 1n clai
wherei n the pan has r anskeshid cmnesrserdpar odefprsesl ng fallen ice tovvards t he

sweepi ng nmeans. 78. The apparatus as.cl a of ¢ ugh 78
further conprising $sunp 8 EREl KRN ?Wbeémt@h %edgﬁ’% §ha 8

met hod for gsttRinedidiferdic@yeidite mpét'dﬂéﬁofth@md@é‘éh froman |n| et tO an
outl et through an apparatus for heat exchange, occup él ng substantially all

of the surface aread@ktweerd hatow router gﬂﬂleomqsettone@o esimtpe plates ps of :
2) providi ng,a plaral ot f SRARY eRBSgeMBRE infifhe 48Tb Larké; ™de up of

paral |l el set ow c
ee) a plurality of scrapers positioned along the length of the

hollow carrier;

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

gg) means for releasably connecting the inner carrier to the

hollow outer carrier.

74. The apparatus of any of claims 66-73 wherein the heat exchange

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 flat area;

iy a perforated area within the flat area through which collected ice
may fall further; and

ji) means for sweeping the ice collected in the flat area across the

perforated area.



b) cutting each section at one or nore angles to sel ected groups of

parallel flow channels; c) abutting edges of each section to one or nore
ot her secawoQ@nes/00bd¥er eby causi ng the f13w path to change pdirr@ebosmopssand d)
assenbling the sections in a puzzle-like configuration. 80. The nmethod as
clainmed in ckgin]?g, wher ei n each section may include all contiguous and

paral | el chafdfel s at TREPPRRIAtES B8iGRIMaghiEr dain 765 whereiR thapannbas srised
parallel flo i | ' ' : . 81 An

appar at us foyoﬁggﬁﬁx%bg%%ggié lféc"(;errr‘g&rx? m%'fagZ?%“{é%E' @i a%gﬁ%ind a bottom pl ate
of generally the sane shape; b) at least one fluid inlet |ocated at an edge

of the plates, c) at,least one fluid outlet |ocated at _an edge_qof, the

pl ates; and 2? a pl ulif | PaEﬁq%@&?'ame érf\ﬁé‘é!nofﬁ'@"?%?sa{ﬂ‘(ﬁo‘ﬂﬁ'lg nfusthgr e
wher ei n eachcerprisiig & UMD I5towahé Fﬂﬁtirh'toQ/flhiBﬁtic%rééﬂ fa th parallel flow

pat hs and the sections are in puzzle-type arrangenent with each other so

that the flow paths fromeach piece allow for continuous flow of the fluid

in through t i nl et 1 out . e The
apparatus as |7gl ai mada‘ m&@Pg?ﬁ{ %E%bﬁ%ﬁlé??ﬁo?ﬁ%"s&e%tlbgﬁgggb@ é%tﬁfzfirzmr%'a SO
that the maj ovet yo oént betlétnshrdagk uahaappafatius efor Opedtn @xbieandgsn Btalsyis@me i n
to contact with thﬁ? | uid_flow Pfg throug)g the sections. 83. The apparatus
as cl ai ned i AuRstaNtRly 3!l ofthe shHdce @ren Petween e inlehane euitlet, somprsing
sections aretfeiepglofed symretrically. 84. The apparatus as clainmed in
claim8 1, wherein the parallel flow paths are corrugated material. 85. The
apparatus as clained in claim8 1, wherein there are two inlets and two

outl et s are equal |y BpariiEd sl ehGeciss; Whdse SRch SR RmASBAIR us
as cl ai med i of alparatieBsét offitay ehanidlg, i nl et and out| et
b) cutting each section at one or more angles to selected groups of
parallel flow channels;
c) abutting edges of each section to one or more other sections,
thereby causing the flow path to change direction; and

d) assembling the sections in a puzzle-like configuration.

80. The method as claimed in claim 79, wherein each section may
include all contiguous and parallel 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.



are dinensioned so the fluid flows into a significant nunber of flow paths.
88. The apparatus as clained in claim8 1, wherein the top and bottom

pl at es eawb 200wdoosde an outer ring and34n inner ring. 89pCTha20@EMAOBEUS as
clainmed in claim88, wherein the inner and outer ring extend beyond the
sections of g%ow paths. _90. The ap arat(gs ?ﬁ?@id gi med in claima88, wherein
the puzzle-tyPe confi SuPRPRERUSAS; HaIned 1h FSRIME 15 vaRrei: e aestianssarage
fluid to flogorfiyueedso tatithe dhapfit) b RO WNIdS sufBck Wahe toB%nd BoRoh OW
around the inner ring towards the outlet, before being directed one or nore
ti mes back aRi@te 6pE 1atecgNtast wihihe flud flavdng treughithe sections. r ecti ons fir st
towards the inlet then towards the outlet, each such path being
successively closer to the outer ring, and then directed through the
outlet. 9 1.83n appdriet appératus @sapiargedsineciamh §1,0Whardih ahe, p GRS Ng: a)
a shaft passi ng ergeng[j Bul arL.@/ throqtzjfg‘t}, the centre of the plate; b) a
carrier conn¥lBRYFPPEILYUHAF SSLUPNS Bre ¢RNTgNERd syamatiedlyi o the plate; c) a
plurality of scrapers positioned along the length of the carrier; and d)
means for keeping the scrapers in contact with the plate. 92. The appar at us
as cl ai med i%A.cl ai myelapparatus ast ¢clainved im edlaifru Bl hevhereimpthies paralleplfional i ty
of nozzles f rayi liguid on the plate. 93. The apparatus as clai ned
inclaim?9 1?5’(\5\1%%{%%%”?9%&%&%@@& keepi ng the scrapers in contact with
the plate conprises a rubber bunper. 94. The apparatus as clainmed in claim
9 1, further_conprisjng nmeans for rotating the shaft. 95. The apparatus as
claimed in 3% m 94,ThgrrRRaratustas ¢lgined inClaimri!, ivhereinothere aps twatidets
apparatus asyid fldBdudte. any one of claims 9 1 to 95, wherein the scrapers
are plastic.

86. The apparatus as claimed in claim 85, wherein the inlets and outlets
are equally spaced along the edge of the plate.

87. The apparatus as claimed in claim 81, wherein the inlet and outlet

are dimensioned so the fluid flows into a significant number of flow paths.

88. The apparatus as claimed in claim 81, wherein the top and bottom
plates each include an outer ring and an inner ring.

89. The apparatus as claimed in claim 88, wherein the inner and outer
ring 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 ring, then 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.

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



97. The apparatus as clained in any one of clains 9 1 to 95, wherein the
scrapers are netal. 98. The apparatus as clainmed in any one of clains 9 1
to 97, wheoebw/db@oscrapers include asdPirst and second edgA2e0shovdser e t he
scrapers are reversible to permt use of either edge. 99. An apparatus for
scraping material fromtwo parallel plates, conprising: a) a carrier
positioned between the plates;b) at | east one scraper positioned al ong the
I ength of the carri )i shafffeain g{@érd@ﬁawuwytth%@me%n&r@ &Qﬁég fte th
both plates; and d) neans for rotating the carrier in a plane par ?1 el to
the plates. 100. Thé) a%;&@r@@rwomecae@mﬁrgendm@laé toh@ecalnaft graraliel ctonthect ed
to a shaft p@,ﬁ fl-ng perpendicularly through the plates. 101 . The apparatus
of claim 99 ere the carrier contains at |east two scrapers, each one of
which is in contact cjat plucality of stiapeps pbsitiondd alomy trpRMgEt B thdEafirapi ng
material fromtwo parallel plates, conprising: a) a shaft passing

per pendi cul an through the centre of the plates; b) an inner carrier with
means o secure it 4y nidinsToRkbeding tROSLERRASH éb%ﬁgémwmegs lafe? the shaft
parallel to the plates c) a hollow outer carrier positione getween t he
plates so the inner carrier is in sliding engagerrent wi thin the holl ow

carrier; d) pl ura a QS L ned t he | en t he

hol | ow out ergzcar ri eerlhre &éﬂgﬁifss $ ?"’H@‘g& 'Hg scr"@%‘éﬁg‘ fhe € ﬁ@égk’”m’rt h the
pl ates; and éompm@blmam@momegwhyh %lioru“@bnqné \fte to the hollow
outer carrier. 103. The apparatus as clainmed in claim102, furth er

conprising a plurality of nozzles for spraying a I|qU|d on the plates.
93. The apparatus as claimed in claim 91, wherein the means for

keeping the scrapers in contact with the plate comprises a rubber bumper.

94. The apparatus as claimed in claim 91, further comprising means for
rotating the shaft.

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;



104. The apparatus as clainmed in claim102, further conprising neans for
rotating the shaft. 105. The apparatus_as clainmed in claim104, wherein the
rot ati ng weans/dososa notor.106. The appé? atus as cl ai medpcm/o2e05m00982,
further conprising a tube secured to the shaft on the opposite side if the

carrier with a plura [ _.Sprayi Li, qui the pl ates.
107. The appar a!to us als?’ C?’Ig?%tﬁ@r?%ﬁ&%ﬁgf ﬁ?i'ggng%@%gﬁheﬂ%ptgégﬁﬁ f3M¥ans is a
plate wel ded to the thmeansdorkeuping thexsdraper ihnaontdct Wl both Kidtes Thsd
apparatus as clainmed, n claim 102, wherein the renovabl e connecti ng neans
is a bolt. 109. The QLWQ{SJQF latngineeriier iafyPlane Raralial e the pletesto 108,
wherein the scrapers are plastic. 110. The apparatus as clained in any one
of clainms 102 to 108, where said scrapers are netal. 111. The apparatus as

clai med in arfPOone of helappatatud f ctaih 199 wivees thencarrier M@E[ﬁ@ed m:b-lsﬁ_agta
first and se : ' ere th crapers are reversible to permt use
of either ed&%ggTﬁg%%Rﬁﬁ&gg%ﬁﬁrﬁé‘gﬁﬁﬁ%lpg&ﬂﬁi*, conprising: a) a frame; b) a

plurality of flat plate heat exchangers arranged in parallel within the

frame; c) spraying neans for continuously supplying a solution over the
heat exchangéroé;- andg appasgive Pf alaims 99 ovherentbei cajriengoniaéins: at teast swohat

formon the é‘ﬁeq : - ; T a ratus as cl ai ned

inclaim 112,§kEF erg’iérgcgt%&u?gﬁh@)ﬁ%p{i?ﬁ@é?g\g%_ﬁhﬁgﬁS’Fe_sB%?%S'secured to the

frame to create a sealed conpartnent. 114. An ice making apparatus,

conpri si ng:a)ma'franRh apparatus for scraping material from two parallel plates,
comprising:

a) a shaft passing perpendicularly through the centre of the plates;

b) an inner carrier with means to secure it to the shaft and
positioned perpendicular to the shaft parallel to the plates

c) 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;

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

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

103. The apparatus as claimed in claim 102, furthSer 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 a motor.



b) a plurality of flat plate heat exchangers arranged vertically and
parallel within the frame with each heat exchanger conprising, i) a top
pl at e andwe 2batdosoynpl at e of general | y3¥he sane shape, i iPrTatA2b@&ABIISENE
fluid inlet |ocated at an edge of the plates, iii) at |east one fluid

outl et | ocat at an edge of the plates, iv) a plurality of sections
bet ween t he f@% an mg%rﬂ% 8s \phrimednineglaimn Sl02; ifigtherosRIMPERBg 2 Hihe ow

| engt h of i i I I i ty fi
puzsl o- type. S ke o U SR e SPROBR S e R ML el of
pi ece al | ow nezzlesfarispraying alligwicoén theeplatas.d from the inlet through the
sections and out the outlet, and v) the sections are configured so that the
majority of the inside surface of the top and bottomplate conme in to

contact withighe fl qiné fabﬁw'ra”tgstéfg Qliedhen s@gid o1DR, Wwhereis Ak sE&RFIgY
perpendi cularly through the centre of the plates; d) sprayi nfg means for
)

cont i nuous| yM§applis amiate welded tathegpaer earsienand bokted da e 8hafk) a scraping
devi ce connected to the shaft for renoving any ice crystals that formon
the surface of the heat exchangers; f) neans to rotate the shaft; and g) a
plurality of 10&sul atflihenapparitss escolagded dnt ¢laink re02e wierireahe renksabkd
conpartment. 115. The apparatus as clainmed in claim114, wherein the

scrapi ng devF¥UGEHAGINSANSS 30l e a5t one outer scraper, and if nore than
one plate heat exchanger is present, at |east one inner scraper, wherein
said outer scraper conprises: a) a carrier connected perpendicular to the
shaft paral | 809t 0 t Hhepppasats as glaimed in gnybneof glaims 1iisiot 1Ghevherkimg t he

:oleg'?te'h of thﬁ\ecsacrréﬂ.)gs;a% pﬁ%es?i'a.s for keeping the scrapers in contact with '_the

110. The apparatus as claimed in any one of claims 102 to 108, where

said scrapers are metal.

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 paraliel within
the frame;

c) 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:



and sai d inner scraper conprises: d) an inner carrier with means to secure
It to the shaft and positioned perpendicular to the shaft parallel to the
pl ates; eyoaodwalob®w outer carrier paggti oned between thecplabes/mmsshe
inner carrier is in sliding engagement within the hollow carrier; f) a
plurality of scrapers positioned along the length of the hollow carrier; Q)
means for keeping the scrapers in contact with the plates; and h) neans for
rel easably connecting the inner carrier to the hollow outer carrier. 116.
An i ce making appartda¥@MEonprising: a) a frame; b) a plurality of flat

pl ate heat exchange(gsa lmr@n@ﬁg fifr planhabd ¥xéihgeas akladyedi verticallyhand r ame;

c) a shaft passing perpendi arly through the centre of the plates; d)
sprayi ng nmeans f parallehwithindbe fiamsepiithygach heat exobargerSARIPTISRG heat
exchangers; e) a scraping device connected to the shaft for renoving any
ice crystals that formon the surface of the heat exchangers; f) means to

L glt i’it et the tSEaf t; andj® tog) %late d;]mi aWottom blbgé obyeteralietite sarnbshgpes f or
ecting e ice renove the scrapjn evice. 117,.Th aratus as
clained in claim116, ihAkleap ﬁ%@“'ﬂdﬂ'egmgﬁds%@” sﬁ'g%Ofih&t&a g; b) a

perf orated area wi L1 g Gbfed sho i RfplitdaoNtl 8 tlgtaheRdiee, Ty fal

further; and c) neans swee ce collected™in the flat area

across the perforatedigraasplifsity Teseqpipas shetweas theatored@ndnbettemnplate,

wherein the pan has raised . . . .
wherein each section comprises a narrow 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 from the iniet through
the sections and out the outlet, and
v) the sections are configured so that the majority of the inside
surface of the top and bottom plate come in to contact with the

fluid flowing through the sections;

c) a shaft passing perpendicularly 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 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,



corners for deflecting fallen ice towards the sweeping neans. 119. The
apparatus as clained in any of clains 1 11, 117, or 118 further conprising
a sunp belvowoddnmeo@an into which ice can fall. 120. A netrhwdA2005/000986

est abl i shing an overall continuous flow path froman inlet to an outlet

t hrough an apparatus for heat exchange, occupying substantially all of the
surface area betweet) maans firkeeping tbetsceapers dmpentechyith e pladeys of : o)

providing a plurality of, plates, wher . plate is made up of a parallel
set of flow channels; apfi %fﬁqr\s?gsgg@ﬁ?,gﬁﬁfv@sg%- one or nore angles to
sel ected groups of @arap liglerf tatet hwiRehang) talsectifendt ¢dgihe shaftaahdpl at e

to one or nore other plates, thereby causing the flow path to change
di rection; mltlﬁﬁedmd'%atmhﬁl%@@soqrﬁ" tathe Pt ke configuration. 121

cont guous. and par aF1 ORuARpEbrRr pBRELALS e e B s N My
i ncl ude par @atrdr i§ irosliding kagagemppbwithia tie hedowmasriero one anot her.
f) a plurality of scrapers positioned along the length of the hollow
carrier,
g) means for keeping the scrapers in contact with the plates; and
h) means for releasably connecting the inner carrier to the hollow

outer carrier.
116. An ice making apparatus, comprising:

a) a frame;

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

c) a shaft passing perpendicularly 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

c) 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

corners 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
inlet 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 plurality 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 plates,
thereby causing the flow path to change direction; and

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

121. The method as claimed in claim 120, wherein each plate may
include all contiguous and parallel channels at any given point, whereby a

plate may include parallel flow paths in opposite directions to one another.



