-1 - Title: Heat Exchanger for use in Cooling Liquids
Field of the Invention 5 [0001] The present i'nvention
rel ates to heat exchangers for cooling Iiquids.
Background of the Invention-10 [0002]1ce making

machi nes and chillers are well known. These types of
machi nes are ?ﬁ?d ln a n nbgrfof |ndustr|es i_ncl udi ng
the food proce Liv e : : 2 (HHES

cool i ng appllcatlons Chlllers cool Iqu|ds general ly

to a point above their freezing tenperature, while

i ce making 15 machi nes generally cool water or a

sol {Hieldmofithedaveritiord r eezi ng point. | ce machi nes and
ghillers use a heat exchanger that is generally

cool ed by refrigerant that flows through interna

pasd vat Ere noesemtynventien refatasi tb heabexepigess fdrscoohng
i nt iegysed onto the surface of the heat exchanger.

the liquid is frozen, a variety of nmethods are then

used to renove the ice fromthe heat 20 exchange

surface |nclud|ng using a scraping .device, or
hea¥ inaofthedaventin rarily to rel ease the ice.

1§ urry| ce differs fromflake ice in that the water
that is frozen usually has mxed with it salt or sone
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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 Vincludes a plurality of
grooves on its intemal surface. The pattern of the grooves in the two halves
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mechani sm whi ch renoves ice fornmed on its surface. In

Lyon the disk is formed with two nati ng di sk hal ves,

each of which includes a plurality of grooves on its

internal surface. The patteyn of the grooves in the

two halves are mrror inmages, so that when the

hal ves are mated and brazed together, correspondi ng
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exchanger of the prior art, the only way to reduce the refrigerant velocity is to
increase the cross-sectional area, which increases the cost of manufacturing.



[0007] 1t would therefore be advantageous to have an

ice making nmachine with a heat exchanger that has a

| oner pressure drop across it, as well as a velocity

of the refrigerant that can be reduced to an optinma
range. [0008]1t would be further advantageous to have

a heat exchanger for use in a chiller or ice machine
that can be nmade in an i nexpegnsive manner. [0009]It

woul d be further advantageou$ to have a heat

exchanger in which the refrigerant passageways all ow
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an ice making machine that is simple, robust and easy to service, and

requires little clearance to service.

Summary of the invention

[0013] In accordance with an aspect of the invention, there is provided
an apparatus for heat exchange, comprising: at least one fluid inlet; at least
one fluid outlet; a first outer plate and a second outer plate, wherein each
outer plate has an inner surface and an outer surface; and an inner layer,
including an outer boundary portion and a corrugated sheet metal portion
seated within the outer boundary portion, wherein the corrugated sheet
metal portion defines inner layer wall portions and inner layer foot portions,

and wherein the inner layer is sealedly sandwiched between the first and



second outer plates, and wherein the inner |ayer at

| east in part defines at |east one series of fluid
channel s, and wherein individual fluid channels are
defined by the inner surface of one of the outer

pl ates, by an inner |ayer foot portion and by

adj acent inner layer wall portions, and wherein the
at | east one series of fluid channels nakes up at

| east one flow path between-B8he at |east one fluid
inlet and the at | east one fluid outlet. [0013a]ln an
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semtdtbe&ttdaatommhddeﬂeatne one or nore segnents of t he
flow path. The sections mate together in a

puzzl e-1i ke configuration to nake up a flow portion
of the inner |ayer. [0015] An enbodi ment of the

i nvention conprises a chiller or ice machine with an
apparatus for heat exchange. The heat exchange
apparatus includes flat top and bottom pl at es of
generally the sane shape, at |least one fluid inlet
and at | east one fluid outlet, each |ocated at a
poi nt near or on the edge of the plates, as well as a
plurality of sections in a puzzle-type arrangenent
between the top and bottom pl ates. Each of the
sections conprises a thin piece of material wth
paral l el flow channels. The puzzle-type arrangenent
of the sections allows for the fluid to fl ow
continuously fromthe inlet, through the different
sections, and out the outlet. An additional feature
of this enbodinent is that the sections are
configured so that the majority of the inner surfaces
of the top and bottom plate conme in to contact with
the fluid flow ng through the sections. In one

enbodi nent of the invention, the sections of paralle
fl ow channel s are corrugated material, and the

puzzl e-type arrangenent is symmetrical within the
plates. Additionally, each inlet and outlet is

di mensi oned so that the fluid flows through a

signi ficant nunber of flow channels. In an

advant ageous enbodi ment, there are two inlets and two
outlets, each of which is evenly spaced al ong the
edge of the top or bottomplate. In the

af orenenti oned enbodi nent, the top and bottom pl ates
each include an inner ring and outer ring portion,
where the inner and outer ring extend beyond the



nmet hod for establishing an overall continuous flow
path froman inlet to an outlet through an apparatus
for heat exchange, occupying substantially all of the
surface area between the inlet and outlet, conprising
the steps of: providing a plurality of sections,
where each section is made up™of a parallel set of

fl ow channel s; cutting each section at one or nore
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| a pértion bf MRSHeEaayervi ew of the heat exchanger shown
in Figure 1, with individual flow channels renpved

forfoohsr ity ne émbosihient &ffthevinpaities tangisdaya chiller or ice
oyt o B s hESE oo T e Pochango
mekigihrdias it 36 dt loR 6RO bEARA SIS lof B8R the same shape,
enbodi nent of the present invention, Incorporating ]
t heatdeast eneciidgh det andbahleppt ‘Pfl‘ebﬂ'r”é oy_tlet, @@2@]‘%3&?‘1 gt a point
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2. [0024]Fig. 4 Ts a side view of a scraping device
f or PwzteabyPA rsnecaient bgiweenpthatiep arg trqjtwsp%t@s- Eschsof the
an &nfoNd E¥mBlisés HATA pRlcRIG mABAAGKIH Peralid oW ERHANBR. 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 that the majority of the inner surfaces of the top and bottom
| ‘plat'e come in to contact with the fluid flowing through the sections. [n 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 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 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



device to the shaft. [0026]Fig. 6Ais a top view of
the top web fromthe scraping device in Fig 4 wwth a
scraper connected to it. [0027]Fig. 6B is a top view
of the top web fromFig. 6A wi thout the 25 scrapers.
[0028]Fig. 6Cis a top viewob-a mddle web of a
scraper. [0029] Fig 6D is a top view of the bottom

vvebofascra [0030]Fig., 7 is a sjde view of a
pi (st tapmiowa dh%@gt{qt @é.]’qg@ l&e%%eswehcf r {Rdhe outer ring and

[ OfiRdiytr8oudh the catiel. de view of the scraping device
used between two plates. [0032]Fig. 9Ais a top view

of | dohs]f web i anbthBe ex&hpR éiﬂbd@imefh@ of %é:ggesénv\/irtvﬁnﬂon also
pai r scrapers connected to it. 003 .

5 gisplogpeis ah SpRAAHSOf FEAPID gﬂafeﬁ' W’WH&EWG%BVO plates, which
SCEGHSses d tha?ﬂ%)é;ésgwg Adpbidiculgind throighMhef cdnive shadlates, a

tuEe used with the scrapi nﬁ

ollow carrier positioned between the plates with a length sufficient to reach the
edge of the plates, a plurality of scrapers positioned along the length of the
carrier, an inner carrier with means to secure it to the shaft and positioned so
the inner carrier is in sliding engagement within the hollow camier, means for
rotating the shaft, and removable means to connect the inner carrier to the
hollow carrier. In one embodiment the securing means is a plate welded to
the inner carrier and bolted to the shaft. As well, the removable connecting
means may be a bolt that can be removed so the hollow carrier may slide out.
The shape of the scraping apparatus is preferably such that the apparatus is
reversible so that when the edge that is in contact with the heat exchange
surface wears out, the opposite edge may be used, thereby extending the life

of the scraping mechanism.

[0017] In another example embodiment of the invention, also disciosed
is an ice making apparatus that comprises a frame, a plurality of flat plate heat
exchangers arranged paralle! 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] Another example embodiment of the present invention relates to a
method for establishing an overall continuous flow path from an inlet to an outlet
through an apparatus for heat exchange, occupying substantially all of the
surface area 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 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 puzzlelike configuration. Each section may include all



device in Fig. 8 [0035]Fig. 11 is a top view of the
sections in an alternative puzzle-type arrangenent
between the plates. [0036]Figure Ila is a transparent

view of the heat exchanger shown in Figure 11, with

i ndi vi dual flow channels renoved for clarity to

illustrate fl ow paths taken by refrigerant through

t he ¢mpdiguescrehpanallel d@aA¢IFiay any 2ivenspaintiaderdbyedl section may

sect;] ' view.of a portion of the 15 heat

exotild: RS PR i hrBREhe Bfbclions (onpaiiter,

magninhi&d Ssechi i fde .vie f.an alternative .
conp:lb g?ﬁati onbt)r%ﬁlt sé)séf):%r tarﬁgnglg\?a'}t%%eshé’ ttﬁgxeﬁ‘ﬂﬁ%e‘ﬁy‘" become
showapparenFi fgum ethé 2allowing3Petailgd DSsdription tapid Wiee WcBbmpanying
the &gﬁih'%ns of another alternative puzzle-type
arrangenent between the plates. 20 [0040]Fig. 14 is a

“top view of the sections in puzzle type arrangenent
when the device has only one inlet and one outlet.

[ 00 eﬁ)@% &éfi‘oi‘ﬁ fransparent vi ew of the heat
exc 14, with individual flow

channel s renoved for clarity to illustrate fl ow paths
taken by refrigerant through the heat exchanger. 25

[ 00 1 9. 1%:] Sqa.t Qps Vi t zzl,e-tynpe .
T e b hass Scdhiretc RO Uely Btk Winanger in
19 n| agcogdance withetn embod fment of the present invention.

[o021) Figure 1a is a transparent view of the heat exchanger shown in
Figure 1, with individuat flow channels removed for clarity to illustrate flow
paths taken by refrigerant through thé 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 invéntion,

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.
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[0043]Fig. 16 is a front view of an alternative

enbodi nent of the ice machi ne where the heat

exchangers are situated horizontally. [0044]Fig. 17

is atop view of the collegtion pan and sweeper 30
arrangenment of the horizontal enbodinent. [0045]Fig.

18 is a top view of the scraping device for use with
hofG03dht al (Higt Bds a[ddEsBieRi of. the Scraping deviee wisedybetween two
ongpai r of scrapers for sinultaneously scraping two
hofi'zontal plates. 5 [0047]Fig. 20 is a side view of

a # e ScrAapidg: ' N al e
s BB £ S 05| YR e SRR DR Db Bl i 7
el witk ptpairoitsciaperscamectedttowti t h t he hori zontal plate.

[0049] Fig. 22 is a perspective &gr&égl !E%lﬁt éignigg\a\%f?ﬂqut the
al r dién

an%gg %Serrbodi ment of the present invention,
[0 ? I'g. 22a is a side view of the housing shown in

Fi giasg) 22. 1Byf.8d 8h DS Vidwof @ik Spral REp& GRS WiRThe scraping
device in Fig. 8.
[0035] Fig. 11 is a top view of the sections in an alternative puzzle-type
arrangement 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
heat exchanger shown in Figure 1.
[0038) Fig.‘ 12b is a magnified sectional side view of an alternative
conﬁ_guration- of the portion of the heat exchanger shown in Figure 12a.
[0039] Fig. 13 is a top view of the sections of another alternative

puzzie-type arrangement between the plates.

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

when the device has only one inlet and one outlet.

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

paths taken by refrigerant through the heat exchanger.

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

[0043] Fig. 16 is a front view of an alternative embodiment of the ice
machine where the heat exchangers are situated horizontally.

[0044] Fig. 17 is a top view of the collection pan and sweeper

arrangement of the horizontal embodiment.



15 [0051] Reference is made to Figure 3, which shows
an i ce-nmaki ng machine 10 in accordance with a first
enbodi nent of the present invention. The ice making
machi ne 10 conprises a plurd-ity of flat plate heat
exchangers 12 within a support frame 14, a scraping

Systg 5 and a ligQui d suppl 2@8 steml? Referrin
to M gusﬁe 123t 1] ’Sné"aiodo )?’be:{f%\ tf]XI wraging devies for u ude with
fi rstlonmntetplqaﬂeate 42, a second outer plate 44 and an

i nner |ayer 45 positioned between the first and
sec@®E6)ut er Pigal@ss 4 Bidendewt 4f oiid pair iofh etrapayefor 4nultaneously
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Thehomm)r‘dﬂl plate. foot portions 51 join the wall

portions 47 to one or both of the outer plates 42 and
44. [0pA8h | oi gl 2bist Adow wicew ofpthatsesapiify akeneht thathie in contact

wal I {/t\ﬁﬂ{ ﬁ&%né?g%?é)ar ate and define flow channel s

53, are us or the transport of a refrlgerant

t hr t he t a hannel s 53 ar
arr ng to pr v%é;g&% gg&’ ?%t\%ve %%ﬁa@f% AP ert Vigy, 8‘1?“ ice-
1hetmewng onachine nior acooeclancgewmmanatheet smBadiammt afether present

”Drlﬁdérﬁlfoﬁ' gerant outlets 34. In the exenplary
nent shown in Figure

[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 piate heat exchangers
12 within a support frame 14, a scraping system 15 and a liquid supply
20  system 17. Referring to Figure 123, 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



1, the heat exchanger 12 is shown having two inlets

32 and two outlets 34, however, it is alternatively
possi bl e for the heat exchanger 12 to have fewer or

nore inlets 32 and outlets Sﬁ; [0052] A flow path is
understood to conprise the all of channels forned 5

by the sandwi ch between the outer plates and inner

| ayet. thadteal eachdngemia i6 Ishbenitalviay the inletdeReinat tWwadoutlets 34,

* soqieitel it el T Pbrob 8ot Font SfnBRRS 125 e ower or

bet veere inlets 32 abd autetodt) et, it being understood that
only a series of adjacent channels that are aligned
in d8P€2]l el aArfamgeatad ubdurstogh taitorhpesd @egiibfichannels formed

fel [ of t [ n sect
o, YR B, D P el e i o o
sE,5 anélu}wbgmmqh q @:@Flﬁélﬁﬁlﬁg riig 2)7l.itlet Ny econfrak, gtﬁf,- etehd H%W path
. . ortion,. t he outer at es
o SRR 1" d % 4efiSE ot S o thé Gy ek evaen agdalet and
ar e outietaitrizzing Andemtoanthag @nlySa tsedibs ol idptcht BRAAHE that are
5 rel atlvelg?; thin

47 ge. nmade so that a
¢ el Al i Brale! Arrangamept Boughiovt iy lengifsthe o ath (through

1assait bmhednﬁmaymiimpéﬁcigﬁ?hdqﬁ tRO Bl e e RRENF BBIong to

o Thi

1

the,outer plates 42 and 44. S in turn provides a
reI%‘Fis\?Eﬁ/ge@r%ea’lter nunber of structural members

bet the fjrst and second oquter plates 42 and 44.
WOB3)," | Rerdaes 5umede in & gtia1ac i avjed thepwal portion 47

r estosthe daterrpiaes a2 &id 44 ush@athe FXRREGHs 2P %@@%:I% advantages
el's

refrigerant is circylated through the chann
und&f ‘St?t@@'?ﬁf e Oneogdvantage fie dhatcthenwal qrortion ddymeyg be made

sex [rekitiesly ttRinD & op | WEEH |
(207 KPaj and abgﬁ?%g%gﬁlégf%%'iﬁgg?},)ggg"gﬁ?&@ﬁéﬂ‘%usﬁ and
be &8AFPGdrfogt pertigns Hih ey ke pesitienedubetweenibetouBd(plates 42

. oy _ e amedipenocal ]
Bl S4OTHR i, 8 AR SR, o
pr SRYbers hefugem the firstyard se¢nnd otiei platsspt-amdl 448 Tihi, in turn,
i ' E ampl e, the . heat

o oo YR RN, 1236 1ol o 5P| i€ nRexchanger

20 35 wheprefiipetant isycikbitatexs thgo gl e dhBanels S3nmekr preesire.

regul ations in sonme jurisdictions. [0055]By having
relMSdlel y tHienheal éxghangenn2 riay bé lexpested ab Ibespretegtzed to

o7 bRERR ot 8 SN 0 f2aERfl Aol T B8 76 FERE Bt may
pethuistiee cohgured ity witteadrat at dedstalp watﬁamestlacg ?’% (2070 psi).
e Cchanne ,

%ﬁ@ﬁ&{,‘%{ ?rre Fsslgl?at e?lﬁél%ﬁ(?rgﬁd ﬁﬁ% élaegﬂ gg(c 1anger 12 may be required to

25 withstand pressures that are higher than their expected maximum internal

30

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
areas of the plates 42 and 44 that are in contact with the walli portions 47 are
relatively low. This permits relatively greater contact surface area between
the plates 42 and 44 and the channels 53, which facilitatesmaintéining the



pl ates 42 and 44 at sel ected tenperatures. The
t hi ckness of the wall portions 47 is shown at Tw. The

t hi ckness Tw may be, for exanple, approxinately

0.008" (0.2 mm). The channel_4pi dt h bet ween adj acent

channel -defining pairs of wall portions 47, is shown

at W, and may be approximately 3/16" (4.8 5 mm). It

is uﬂ@é@%‘?%@@gﬁﬂé{t S?lg@ted Hemperatwiesit Fhé\thickeeds bbthebeall portions

oy 718 Sl e BRARS 4 f Snfonmte
cont Q\@PBT ermmale eTha ehannekwistit betwekbakdjacdat artindfidefining pairs
[ 00561 whe phaid ; | ri ckness . Tw t o .
the ohannprionS 47, it Rolfllar B, bh? dudy" bR BrSamately’ a6 (4.8
abprBR nthisepriderstgod that iy ehannef widitbWe restdweg belfhiform and that
apPIrgh "BHABhYI Widh$: LR L.25 mre . .
preferably | es‘é'dt%ﬁarﬁ%g%go?%)?%a e @Jt.gf EB?n%ggﬁ’g}?r%B thereis a
bet Vibishcasiipt dxterfaeewith theautarplatep geaxidrad. el y 1: 25,

such as for exanple approximtely 1:22.5. [0057] By
havm%ssd rel at i vel Thegratiataf the wall grortin thidkuesiT@lto the channel

nme ' i,ons, 47) between the

i "R Mo duay, be (oS P bR 8 e 8ie) reterebletween
Bf | BRRroximaely af ol & endn dpploainestely 2 f‘l% lﬁfé_rdTQ%teﬂéﬁadﬂfﬁnéss than
Soc APRrORae] 1,200 A, YHATS BR S Hfwget o abRRTRIdY 120 and
r espRRIDKiTEitsly 1126 subh ak fr exempEdpprogmERdy M@p gach be

approximately 0.120" (3 nmm or less. [0058] The foot
porl0057k 51 tByshavingea celntivesly grbater riuntbanaf strid@lidl Ritfnbers (ie.

47 -t hi gkn Tf ,,.that, nray be the sane_as

thet%tg V8N Boftiond FAT6GREL) an rﬁ?ﬁ%‘r it 585ond Pises ignd 44, the
15??“1‘05“@553 odrtbe lfrﬁ?_ﬂ’fcalbémlnﬂ?itliﬁbﬁ vl ?/r;]d his ﬁniﬁy_obéh@ t relatively

| rfere rel atjve [ e in the cooling o

rratzzépvr;i i nEBed s O e st cdiocand plabes 48 anchEs e shown at

pl sad@ EpH rdspeclitiely f OPlhe NREANEREs ST P ShH1 Tpd Er%y each be

j oining.of. th ortions 47 to the first ‘an

Jsecag’ﬁag(gﬂ?tgiy ‘gl"ﬁ&leé "BE‘)QM?SQA over a 25 relatively

| arge..surfa areg, thus providing a relati vel ,

se&%‘?seai and s &P%j Reripns %ﬁ"laé agg %ﬁmﬂ%tpsthp \%all portions 47
20pehavé ki thigkhbss Wl th i heS!

Chin Locﬁg] Ihe vl ?p%?t%ﬁf%ﬁ gﬁng%g{,@%ﬂéérgtgi T of the wall

mafOReNF fe gl A8 If9ot bR ers Bb e iseferabha relativahothist 8o dthat they

cointerfiaé adl30eR!t BLAT ihd! codlinB! §f ﬁ'ldtér%’ Igniept%%uggd on the outer

I
sections 40 may be mated togethéer so
ch3iRces obhejputer plafered2 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 refatively 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 paralle! flow paths between the inlets 32
and the outlets 34. The flow paths may be made to be generally serpentine fo
increase the amount of heat transfer that takes place per unit volume of



30 refrigerant along a set of selected parallel flow
pat hs between the inlets 32 and the outlets 34. The
flow paths may be made to be generally serpentine to
i ncrease the anount of heat,  transfer that takes pl ace
per unit vol une of refrlgé¥ant that flows through
the heat exchanger 12. The term'serpentine' is used

to reff rttQheﬂ ﬂbbv@vmm R teeHERY i1 e did;
o1ip usi ng abpl uralit x% to 180 de@é}ég‘sé}ﬁlne is

dual
i m%ﬁﬁgeé fegfo # ﬁ'@wsf@é'e ﬁ@@f“%fr‘@m@w the diregtien &tg_faqua"y (using
(usd Ngurdlity! 60 AWe18F lﬂeﬁréﬁ‘ghtﬁiﬁ@é‘st 'a‘t’nth'ems@Eﬁ(ﬁ'F ®brders) or

partially 5 reversed at lNeast once in a v-|I
pat’w}eﬁfat%lhd(%mam yeagt| eng|acute mngly rpeghon aterface n gartially
sPatré@dred GOloRKJNBE §n 229- Ilﬁ’@%‘éﬁeﬂnn ahtl BHBIY InulidlE times in an
v-1like Eattern of channel's at thé section’ interfaces
nayNgulating paitern. For examele; asrelaowm inaFigurgy 13, theowlifsapattern of
se@fBels LOMENMadsH i &
pl ural |etsy of mati ngng%%étllﬁgr@éﬁ%eli ?ecﬁ'@ﬁt[}%ﬁ:ﬁugs In a single
shﬂ@‘t’nﬁ'ﬁt%ﬁgmntprow des a selected routing for t he

fI ow paths l')EE;OW des a relatively thin wall ed
Q@500 e, king the; iepeislager 45 Eomaa plusality iob mating sentions 40

10 ' noit 86rityadd Eﬁ@et%%ﬁlapht%ﬁl%s%?s@l@&eé%yﬂﬁ@ & 8 flow paths,

pr ovides a relative expensi ve wa
i nU@HQQﬁ atrelagvely dye M@dle@ﬁtraqgw botheattermoi theavallportions 47

Doty B FRARAR b foudd BiaRcls oD, 46 IR BisbOSIBieE d Foidively

plinexpeansive avay nfatncmmmteu ﬁhasanaylvavﬁygem:st feathrés nﬂalthe heat

LEEN R THERENors S el kel B s corrfuetion.

15 thhcurgfsﬁranes!uapweh plant View hariegingt lanitednvird tahy ofay e traditional

c Isthrouh\/\hlchflwdflovvsthroughthe heat
%%%Qﬁfé?ceﬁtﬁ@ §hape formed by 20 the bends i's

h .
R L A —
ppatiea ofybernisl ahigh sewvd cdefinel thk i hetght @ndh@id bethe channels

T 0580 DL S, SR ks

20 hgm Bemisiish infportaritt tor Bleaéent! thaflit defitidsAhleCdifiHsRPE of the
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surfac lll icient to forma joint wwth the outer
lf’ic an at Jeast 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
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
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



25 corrugated sheet material layer is sealedly joined
to the outer plates, for exanple by brazing. This
contact area is maxi m zed when the bends are forned
at 90 degrees, however it w.ll be appreciated that
bends having a partially Cufvi | i near profil e could be
used to advantage albeit with a sonewhat |esser

¢ orilta%%ff %vaje%ﬁ%e Limotnt bf Qf%]lﬁ% Bigsdetded dnl@athe tafdbunt of direct

smal foot portions 30 51 are, the greater the
surﬂﬂlﬂc‘é %ﬁ%’@'@iﬁ C@B?ﬂcbﬁlﬂt fstigsiredki sts directly between

the refrigerant and the outer plate 42 or 4

Fi §00&2112b) . A pRigsted qafg\ﬁggfﬁhp@ & sectigns40 tsh%rovﬁieg in Figure 1.
c orﬁ\rddﬁﬁhélog:??f@ﬁfhtf%ﬁs & @&ﬁl@ﬁ’s [%Le] Wﬁl@N' ;9‘8v1§e S(ﬁ#@r@h? flow- paths

- rade bet ween the anpunt of seali % surface .
5ar bgtwaeh o oamperet inlts $2r and ope AF NP BUtIRLE 34 gfg shown in

?ﬁ ds tl'i‘a%' dRdi 1= Mork ﬁ"@alﬁﬂﬁ‘gﬁ}f@g‘l 11 and 13 show a
conflguration o sections 4 grOV|ded in quure 1.

Adbeaﬁ exchiangeni? gdthag iseh of 8Pw $ batwesn ra #¥ets 32 and two
Pr Bifh Ié;ié ﬁ'. ;:f}.gﬁ;%@td LRy 1Badhdw z? RSt YEFRANGEE 19 WilhD4 Set of flow

one or nore outlets 34 aré shown in
Fi pathebeteen@e inlet J@@nddneitlet Ibeci fical ly, Figures
1, 11 and 13 show a heat exchanger 12 with a set of
10f | [A63ht hs HRschesestiondOimaebe cabatm HOP-RETQ ARgIgTelative to one

Fi Qlufn%?'e a4 aﬁ@ﬂ SMiSROW0 as@lﬁ'ﬁﬂ(t éﬂ??é%gﬁg btidris Wel r'i‘laﬁedst%?ether

bet ween ohe n one outl et
10alpﬂgme}|Eacﬂer sdges.dhe £banng)s 53 fomnediby theneorrygations change
an relat e r S 64 4
oo bl 86, 8 itad o 0 n@ UeRESH w0 Afe Skond Soction 40
t hleiabutladi ¢ apothessedtios 40Harchange the flowr dieettion aghim, and so on,

h d '
1ol BRI AR RN 8 S A5 634 PO Eacr
gbséduted 4@ nmyotrhmdesalctaomiggm:stmm parayel thanddloat any given
Irection

oA oY AIBh A o E peratel oyl BefRinoaBre gireggions o

Eagsde ssthéron 40 may i nclude all contiguous and
paral |l el channels at any given point, or a section 40

neppos4)| ude Tparighdrahydr 48\mag iftdudenaw pptes iring 48 to sealedly join

20 dltkg %Esl.t%rrll?j ste%or?c? %Ia?gsotlg gg\d 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 outiets

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
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[ 0064] The inner |ayer 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 | eakage of refrigerant out fromthe outer
peri pheries of the heat exéhanger 12. Apertured
nnuntlng tabs 50 nay be provided about the outer ring
t

egl;utdé%,1 eesEQ ff Q% 91fefa{ I%chi%@% ﬁég@@g@% refrigdPardt) fom the

t hmrm—tayemﬂndwu@n wbes aw@h(p?ew@s 3)chvak presavies intthe range

¢ ol s B b BT LAY SRl 0800 ety
12whem| tHeemedam tihe rlaﬂf@teramtahangmpaamztoanm thiedayerare such a
s e‘cf eai? Hlarl;l"lgle ts|8 25%’3% %”%[u%e gr%roﬁé‘én%g%gﬁéerﬁg éb'&gt refrigerant

out
areatage bhtofdthaheet exphabgemidf t he i nner I ayer 45 (ie.
the sections 40), and also around the inlets 32 and
oujoneé}s 30 Jhe heat é:achangexetﬁ ey have cagiafigiassithroyghtaperture

te ﬁegﬁgglpgpgba%%%ﬁer r%hg%rn Q sha{t) r@gﬂg‘ép g;spart of F]he scraper

preystnt €5 to pasd‘rheralﬁ@egbforbﬂmeﬁrmnab satapet 3oy bpBvuddes of

Be) Lo, abau 300 Ly
(B et BRDOBY far vt deraemp el i 35 by pschiEits. eo.
t Wehdragher BeatrIa)&hal‘igér i5 1medl &l anahilieer thea the Hemt exchanger 12

Ceteg e”“%%?@’“m%-t@%@ﬁﬁhﬁéﬁ?%g [0066] The heat

533{? 7 et hr S Anes e 2gcpaiebe® B dnih 6705 B <plefl o

t higd firs aharéec@hdtdkﬂe§ a2aged musgaherlaohg theis ihner penphenes
therethrough for 5onnect|§ﬁ to scr 13%5% t out
3004t e PRFSHRDUGE APCEKES a2 Prevent egﬁtoéﬁf%r'%?féa ou

t hdim feinS@ PerpRBAEE Bﬁﬁé%eaﬁéxch‘é’ﬁﬁé‘r {zhe heat

exchanger I's used as a chiller en the heat

exsoesIoer  1Ra&eefthediedt @%endriifer ebapbnsts sintltimigdhe first and
aperture 55. [0067] The inner |ayer 45 incl des a

i BREPNG iplies @2 RRY ‘s‘eatlhéd'lnyef Shflsouter s 14 Spd 4y and the

SQeLRhsPAB! R g‘lgeaﬁﬂdé“frérﬁggtmb@' ﬁi&%ﬂdﬂeélﬁcﬁ @l@eé metallic

peripheries 15 about the pass-through aperture 55, to
pnmi@mal the | eakage of refrigerant out fromthe inner
peri pheries of the heat exchanger [ 0068] Each of

't (0069 at  exTheajaieing ¢ i vekarJing %|th@|'wgertm19 #6 pag the foot

ﬁgrtron angﬂﬁg angﬁ'ﬁ%g 43%hd 44 nH}/S(’Jé BA%ied W by Legn?rsmtable

e sections nmay be mad rom
anmnsa&uob aeehtrezingl , such as a netallic 20materi al .
[0069] The j oi ni ng of the outer ring 48, the inner
r (007036 andAn kxemplary flow path through the puzzle—type arrangement of

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 porticn of the refrigerant is directed from the end of the
channels 53 in section 40a into section 40b, changing direction and traveliing
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



portions 51 to the outer plates 42 and 44 may be

carried out by any suitable neans, such as brazing.

[ 0070] An exenplary flow path through the puzzle-type
arrangenment of 25 the secti-qas 40 may be described as
follows, with reference to Figures 1 and | a:

Refrlggrant enters the heat exchanger 12 through the

i nl 8ECUORGH Backdple saction A8G elongaa diffgrent seti efrchadrels than were

t OWRIKEA ﬂhﬂﬁ@h s Boc %vafdst éé’eﬁ‘éh'ddbg tﬂ%ﬂ#gﬁcuo 4gc, the
sectlon 40a portion of the refrigerant 1
froff Tg?éa'@rf@wéfb%cﬁém@ﬁ&ﬁ?@'l 40bsand thes back to seetiona. As can

seché aBert BY the& NN H R I5F qgé 'r%ﬂ%m Sec{{rﬂwale% BE&? ﬁg through the

al ongsi de the inner ring'4 I on
? ef?ffcaev'%lﬁp Untihisrepnhes dwcoutish shoen atrdtaonTharflougpath shown

| ntlﬂetﬁ@éﬁ'tﬁ@ ﬂ{i& syhensy e hidy %rSQ@‘Vf i ql'usﬁcg lfo the heat

and flows away fromthe inner ring
per§*shangaic!4 showgdn digure| owd Will dre neted 4hat smnelpmitnon of the

40 et
10dhptr 158 851 A B S G ey g
seci¥bdn angther Quartes etthedreat @xchaniger 12 Rejigaaait dloBws in a

R RBREH A 8 AR 5 1 e i S

codPnues passing through the 5 sections 40 until it
reaches the outlet shown at 34a. The flow path shown
bel0®Fdh t he It wiltbe BRtedahat mrm [east Sotmiraf i seﬂ(bns 40 such as

1y /8EctRh R, e RGoe=F GARS Slon sohieo fRarinis 591 5a¢ sirection,

t hand along oghertohaneeals nmmrm:p@estealﬁecmbao flows to the
outl et shown at 34b in another quarter of the heat

15 exdRper 1Additenallgeit swilt balreted th@wanlthe @oul@ tdtwebalat least

pa r the inlet sho each of
P nedit b B3R sHafonso 394 1 e foeBsidgen 4 raartion of
| nsertiohed8d awh@0qfthe Maaﬁﬁklﬂznﬁleépat &¢1A8 aﬁ@!e%e?ahd:fﬂhat the
'l%&%r trfg)f [ rant {;\vel s al ong some channel s 53
N i el BrRPMR REPN A REViding, at least some of
oﬂpeqohts beteehi Qtﬂjacent sections whereby the channels 53 meet up at

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



15 [0072] Additionally, it will be noted that, in the
joints between at | east sone pairs of adjacent
sections, such as the joint between a portion of
sections 40d and 40c, the channels 53 neet at acute
angl es, such that the refrl gerant flows back on

|tsqf fo sone extent. roviding at | east some of
t held%fht s bévRrEMiding 'éﬁ@e‘ﬁ ts; 82 @nd fwo wtlets 34, thretotal distance

chanagdrsedbBy 888 of® q@értglooﬁﬁé' Pé?rﬁé‘f%ﬁ§ 1lrﬁ\eﬁ % delg Quadrant

flow Rath can be provi ded.
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heé'f“%tt@rf&ﬁ@@rarmZwasdoneglwedweanframuhemnenan :udmtaanl shaking

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



15 coverage of the surface area of the plate.

[0076] The inner |ayer 45 conprises a outer boundary
portion, which is nmade up of the outer ring 48, a
flow portion, which may be .qgde up of the sections 40
of corrugated sheet netal, and optionally an inner
boundary portion, which is nade up of the optionally

pr oPfRRsEtS shdher iodg 108, brskets| 20 apd spareisory, megy beldethe heat
an ak&angBat 12 f RYLWRAN PSRRI BREGH Yn 5%%}53 g, ﬁnd are locked in
approximately 95% of the area of 1 nner [Fayer’ 45,
depBlRGeRY "YE 2ertain factors, such as whether or not

t he l{zﬁai exchanger 12 has a shaft pass-through
apelMBL 55 Hebdwesn thy Oulgrmost heabexehaagreand the frame 14 is
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of the inner layer 45, and nore preferably at | east
88%pofor he anga idendifr e 7 r Eenti
sys/tiogmrl%:) Wi | | n'%ﬁ? e de%'é:tréi?éb{ehélal.4 ﬁ‘%‘aCIS@igngét 's’é’gghg?ﬁ%ra‘“y of
heftonprelioas ¥ Eigureii and iselhep dumpegrioly sanht resdlexghanger 12
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dri L b 103 A .
ol GNGPpH omnetRpAe 8Fioh 3% o AERR M el ahapy e i
1010 ihe corledgerpumpet! intbth&0mathiod ) ¢throogmttiesl shaft 16, then

SRR et Rota B ol s 0. o

15ex strapingr device 26 thatvscrapestheposietost st shehangen, nozzles 36

Fi . e | ocked. in ace b ts.24 . . .

Bt lisBesdlin 3hE 58 SFtbroiba caon Ay o Wil isygossible to

f r plaee ldozzies 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

25

30

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 inte the ice machine 10. A plurality of insutation panels
60 are boited to the frame, creating a thermally insulated compartment.

[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
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,



5 positioned an outer scraping device 26, shown in
Figure 4, while the inner scraping device 28 shown in
Figure 8 is positioned between two heat exchangers
12. [0079] The refrigerant enters the nmachine 10
through a plurality of connections 30 (Figure 3), and
is then punped into each heat exchanger 12 10 through

t henowil iatRigutd 7( wWhetd s BloulddtC® ddeardsaf iniplederMhd8srapers 58

passed through the heat exchan era&éz, |L tlrﬂel? exits
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OLHIBBEMSIMMR 8. RS AT buftpe? 78 pushesihe strafrB8lawsy from

the rear section of the scraper g Wiile it is
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Z%XBHﬁgDe? cRapese SHEpd bRHRSscThpet s aRMESIt Yo bel sihiply reversed
preferable to place themon a separate spraying t
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the surface of thé heat exchangers 12 and causing it

t crapers dbvhaiphirality ipé npzdes 3. Aothawaler iseurieerdindgthe shaft
t Ik GeMAt e S, i t

{9 SRR 8 1 5TnG SRR L 51 SR R R o
wihenoiziespitpe dhd tuble Shictatep withdke shadhi ne 10. A
plurality of insulation panels 60 are bolted to the

f (GA82] crediigwg & shmysrahl ipngh solapingddedep &8 nishich ipgised

[ BORQH b 1S BER HEal SxERMIERS 12 Mher8 10N itk Sabfier 82
t N€ scrapi ng devices are s . Figure 4 shows an
owhih is svelgsdig thie base pide dhi(Cigurohariddeaited to dhe shaft 16. An

g5, B o e e B b o 2 o
t remowable bolt 861becurés itise holfpwiedTi6284 thiherinner dairgerdi2, and by
" 5,815 HRE . A B e S 3BT oo
68arries 84e| Tirgle 2ire the dgraags of striapetsub®; WwHich rearseched to the
*Uehior B thndparie vl SFaRE chies 0 599,81 Bt i o
bycrapdrs \8¥ alshgtrie RAgth of thé carrier 84 are separated by a bumper 78.
A bar 90 is welded to the webs 88 and secures bumpers 78 in place. The
bumpers 78 push the scrapers 58 away from each other and towards their
respective heat exchange plates 12. This design 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

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



shown in Figure 7, where its shoulder 70 secures it
in place. The scrapers 58 are preferably plastic for
producing slurry ice, and netal for flake ice.
[0081] Referring to Figures ,0A and 6B, resting in the
slot 72 in each Wb is a first bar 74, which has a
second bar 76 welded to both the flrst bar 74 5 and
t heworslbs 3BeAd g Watenddivstih®e thirshiaft 8] it Foventhrodyh the spray
secgond har 76 is.a rupber bunper .£8. Thi.s ruhber

it S e s BrebOB i, BPEES Afay eIt MRCE.Pn fhey heat
pu&&aay@be1ggmaﬂgg corner 80 against the flat plate
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plurality of flat plate heat exchangers 12 within a
top frame 209 supported by a bottom frane 208.

Passi ng through the heat



10 exchangers 12 which are aligned horizontally in a
generally parallel positionis a central shaft 16,

whi ch is supported on the outside of the top frane

209 and under the collectionipan 206 by a pair of

beari ng housi ngs 18. [0085] Bet ween t he out ernost heat

exch pl at ¢, and thg frame 209 is | ocated an

out el scr api n?c&@w%e efees 9| 202n@re rghewrs dn abigoge 18, and

devi G@nnlﬁsez@:banmrl Wﬁabqﬂu@ﬁwﬁ%&dﬂ% hogt Eﬁ&r:tg Q?%ggr 220 has a

pl atﬁ &'5 qf erant_enters the nac
throug Pi'PK SEF0R e BtTRIReCtiom 824 sarcha front section 225,

punpe |twbo skiaC h;ebﬁ@ﬁs 0N M Yoidhy -a S :}g\ﬂélegﬁ%e?c@ A

sal t wat er other liquid to & 10
|nt o TS @ﬁl ﬁlé%'ﬁfb 43 MryMainseoutward wessurbeon the scraping
Spr ayjerdenha KdapirUf otk with thd 6t e%ﬁ%@ﬁﬁa%
ces 2.5 The

fromnozzles in the scraping 20 devi

scr ;{posig devi Seapel22(P8% Hel BRINGMAL %ﬁ% %?ncé H-@t successive

the ice-water mxture

shaf% 5 Vi n
surf '@é’e{ﬁ ?‘ﬂg‘“ﬁé aech BY Gppeoximatelyhibei wigth of pusihgle scraper
" S0 330956830 O T e e core

1_?0 ﬁl ngﬁgew ces 202, 201 towar
he STdL Bk acitcular path fracrh by anygeerarfer (426 wbaitigake, thidugh the
f al serapeeron ﬂfeoo |t@%@%r?g Q%E?gne]ng éﬁg hOWIS%FSaFt,,SS edges

vie I t he . In the
dev "2‘63%@*@9&@% @utwaidw@ ashtaf push@he i tovardy, &hﬂfrnalty over,

-t ogehedganot iné *}ﬂat%h%t Sﬁ%{as W%egqg@ng gb\%gfsgggy bgsangied

faIIenlntothe pan
sedPfigasingly Owatmﬁi@mpmoséwomﬁﬁm st per dkdiad @fser to

e t he erforated

1S phara e dierisd Bt bR - B (e bton - s lbons Slase o the edge
purh &ie plate Bharef alighed |cmsetn‘mql§érﬁ@ndlélﬂa§)ﬂ6 ﬁhe?ﬁfré&fon%ﬁ%e iength
in Hage no own), where the ice
setﬁgrg‘%‘g’" E'o nd t(#e( f'\g |§8 glgmentshisanat iessential to the
rraglzﬁ'ge g’-lmﬂBwekécftb CS Scrdfifig T 16 M niHBR223, while

he éfe&t’ %Mr%q Etdgﬁzéz)g@ﬂséﬁ%ﬁ%z?c?ymtﬂ*ﬁcesv\eeper

20 19 Scr devi ces 201, 202 are shown

20 ﬁIylaa re 1#' qg oga€8n%p ﬁ‘%g“’?r&é’ﬁ‘ﬁ'@ﬁ daivich 201pthat sciapes the
of OIsterraqm!rSIIieﬂaf)anB’mér [FERAPE the 38r, dti}.@?s 2 (gjlo%ﬁ{ Bg%‘;e'de“ to a

gfé{f%ﬁc on2 a rear section
fron ers lf‘ﬂﬁf Sr@pingedevieess 2027 thatr are situated

hdb
m?gzg%@ﬁ.s."%ﬁ i i VS OB Ny o
Eﬁgﬁ{apgﬁzggéﬁ-lw ta a.@ll@wmaaw which is tieerhelid over an inner

25 emahﬂér@ whigh & Béited @Otﬁg]sﬁgﬁ M6l Hes (%@Es?l% pacgﬂrgcz‘t@d at the

aI t he carrier such sSuccess
t BRAM Qﬁb@eb%ﬂf%?fpﬂ@xdmospgaytthehqw;dlt@béffroaeﬁl ngl e

saé‘%)er 220. Scrapers 220 on opposite sides of the
are dni Heclipuses rihe timerdayeri rershﬂ:@rnsas:bembaha&e up of a

Ciol r cra
ptash ol Bakin 80 Bl ADEED TP A Egspron
e FESE | gsincluding a QWIWI gf wdly psrtﬁﬂ@ ahl &’boﬁ(ijcﬁ?éﬁbg :dﬁﬂnlng a
o pce to an I na

30 O\le/ﬂeu‘fﬁftf% ﬂ‘é&r @ﬁal%%l% Uk of ngu areswg%gglix iRinag: as pary of that
eSeahient dt :nmytemataem ;m!;SIbm:foe BAhYaY poHickPd B BE Bntif@bidual
ta@é@ »Qllugﬁ ‘ﬁatso %oo? po rta ion 5’? ru?te&% {(%gnr?écggg rth(-;nge)ttta along one or

both longitudinal edges 49. In other words, it is optionally possible for each



15 parallel to the direction of the length of the

carrier, and those close to the edge of the plate 12

are aligned closer to perpendicular to the direction

of the length of the carrier20The differently angl ed
scraping elenents is not essential to the design. Pin

227 is. used to connect scraping element to the hol der

223, "l iPPg'OH vty Epssosiatedions, of rastegt porore S do bran individual
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foo% po%ti on 51 !icnt e @gdfm cor?ngg?g’g ?éf%eHr gg%&%%gn%s providing
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20[ 0084} be potidoriddyaraheré Beitale, sl a8 GnBHEdRE WA of #RHbusing
Sh‘.li’)‘? 'Jﬂ'(i)e 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 insutated end

30 panels 302 (Figure 22). Alternatively, the sealed housing may be generally
rectangular in shape.



include a plurality of heat exchangers 12. It is
alternatively possible for any of the ice making
machi nes to include a single heat exchanger 12. In
such an 10 alternative, the gyachine nmay include an
outer scraper 26 on one or both outer surfaces,
however, it will be understood that the inner scraper
28 UBeA4 not ke ihoobind&T. s¢09 aRpUThthei mtmkishajt 16 that passes
mac VIdI A d
o PhaBAShde ARG EaEe e RaBHOH 68 e, TS 568 can bo
supp\lcwrsymmby'arlycsuﬁblbmﬁnemm afsrlnym phmamy)lfzpwmg rings.
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| i qi#eP5] o0 be Altesnativei configaratiens ofdhie nrashirex #dptecpossible. When
ef 0
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[0093] Referring to Figure 22a, the seal ed housing 97
may be generally cylindrical in shape, and may be
conprised of one or two sheets 301 of flat,
preferably insulated nmaterial bent into a cylindrica
shape and sealed at its edges. The chanmber 99 is
sealed at its ends by two preferably insulated end 30
panel s 302 (Figure 22). Alternatively, the sealed
housi ng may be generally rectangular in shape. -21 -
[ 0094] The housing 97 seals about the rotating shaft
16 that passes

15
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t heret hrough to prevent |eakage of the liquid to be
frozen. This seal can be acconplished by any suitable
nmeans, such as by a plurality of packing rings.

[0O095] Al ternative configuratig s of the machine 10
are possi ble. Wen 5 configur as a chiller, which
cool s but does not freeze the liquid, the scraper
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liquid into and out of the chanber 99. The rate of

punpi ng determ nes the degree to which the liquid is
cool ed by the heat exchangers 12. 10 [0096] Wil e the

abov scription constitutes enbodi.ments of the
T Snsheua o RSP eBge CUBPRES Bed (hat Che

pr esenty léé\ﬁfeaﬁé []ldl iflegtusceptible to nodification and
change W thout departing fromthe fair neani ng of the

acconpahigastonsd Hindsoutles, 22 The cl ai ns defining the

I nventi re _as follo tus, for._hea
exchangdTsLBits PatRnha sesionn P Plefpdwnafdin Sagh;outer plate
| east ﬂ8§af'1||h‘rh@|' QUHdcetandhah blfdr oviaee: M@t e and a

second outer plate, wherein each outer plate has an

i nner gorinagkelayay Iaﬁlwu&ang@uteabeundmr pertionrand a corrugated

cor rugat B8 SRABFREREFecr PRRTDE, RREBHnd brton. wherei

out er hrUCSHIgate®sheeNmetdl Pofiich defindsianeplyedaiportions and
sheet npetal portion defines inner |ayer wall portions

and i nif@er| layer f@@opoﬂm o wiereithdhei nehdayeinds sealedly

| ayer é%n@ﬁ@h&fjﬂb%é gﬂ’%%ﬁ&%@’?ﬁﬁh bOfr %tgg éar%j}mhereln the

second erein Prner ayer a

| east lnmepmyer@eﬂeam?m phrtl defplesaitdeastrorgss@ied bflgid channels,
channel s, nd wherein individual fluid channels are

defi neﬂn%)}"’ argin; indvidug) fuid ghamrnely arg gefiged dysthsuinger surface
pl at esqr 2Py 'tﬁ‘é‘eéutbméq?{atego%? @Hrfrﬂngpcjﬁg%e%/ot p?ﬁlé)n and by

adj acent inner layer i ons rein
at | eaadjaocemt isaer meofwaﬂl mrdionh,aamtdaMamilnememi lahst one series
t ween .t he at

! ﬁ?:: QP@H% L?g,agﬁefs eIEQFe% 18 EPtI lggﬁt e [l ﬁ aStpa?R%eftngti-:‘lg 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 any one of claims 1, 2 or 3, wherein the
inner layer comprises an inner boundary portion seated within the

corrugated sheet metal portion.

5. An apparatus according to claims 4, wherein the corrugated sheet
metal portion of the inner layer covers an area that is between

approximately 50% to approximately 95% of the area of inner layer.

6. An apparatus according to claim 4 or claim 5, wherein each fluid

channel has a channel width, and wherein each inner layer wall portion
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2. An apparatus according to claim1, wherein said
fluid is a refrigerant. 203. An apparatus according
to claim2, wherein the inner layer is sealedly
sandw ched to withstand a prezéure of 450 psi. 4. An
appar at us accordi ng to any ong“of clainms 1, 2 or 3,

wherei n_the inpner er, conprises, an. | bou

T e Rk e TR A5 S IS RSB Wan porton
por ti ofhicidhdes tAMh&RRAABSIUAJBRCIS MesH thantegcl ai ns 4,

wherein the corrugated sheet netal portion of the

inner |ayer covers an area that is between

appr oxAﬂa@%‘P%{ aE@’/@P@Préb]Sr o Pl &, ywhgrein the Rppsexdmaty ratio of

i nner Wall (ﬁ‘ﬁ gtfnciﬁné@é It Qﬁétdhgﬂnépml Heésbeta)égn 1:18 and

mherel he r Ion ckne
the chamfel wdth is I ess than 1:8.

appar at us according to claim®6, wherein the
approximate rafi o of the wall portion thickness

t he &hARMPPEIP a?%”ﬁ@@mf@eﬁ”ﬁ 18 Afgans 25 o, & AnWhe"e'n the

appar afigeeObfli 8 bitedNp|Ree AT sﬁﬁé‘éé?’sc&mrrémadé"noﬁ with the
wherein the thickness of the outer plates I n surface

communtermugatadwinelt metalgeortion is eot reheethareappropivnatety0.12" (3
IS not nnye than approxi mately 0.12" (3 nmm. 109. An
apparan according to any one of clains 4, 5, 7, or
8, wherein the heights of the outer boundary portion,

t he g nai appadeal Xcdtingad @iyondef claimsidated, shgelvherein the
met al ﬁortl on are substantially the sane and wher ei n

t he coheights @Hﬂ'@w@@ierrb@ll@ﬂﬂad po@ogeﬁteemrﬁrmnﬂampomon and
the oufiRr f?&ﬂﬂg%;dy Sﬁgar o Iaggrtfoﬂeafé‘gﬁbsg%ﬁggﬂrtﬁe same and

portion. ccord
cl ai newherdin the c83rruyat@;l s‘hber enateddl Elseﬁﬁ’[eﬂdﬁ,_tshO‘thth ithe outer

inner |Jayer is constituted bE a :Eclj ur al Irlﬁ i nner
| ayer Bedrdasnporipmand ihe anglibovedary porten-angement .
11. An apparatus according to claim10, wherein the

puzzlge Any Eﬁp&raﬁ?é‘géé@rm Cga’ﬂlo' Woﬁé Wf%léiﬁ]%n@e‘f: 57, '3‘ or 9, wherein

adj acent ner | ayer se ons. . An appar at us
accor dahlgasopait aif thel newtayesiis com@tpﬂedrlw atplurafityi efriener layer

| ayer sections joined in a puzzle-type arrangement.

11. An apparatus according to cfaim 10, wherein the puzzle-type

arrangement aligns fluid channels in adjacent inner layer sections.

12. An apparatus according to claim 11, wherein the plurality of inner layer
sections includes at least a first inner layer section having a first set of
inner layer wall portions defining a first set of fluid channels and at least
a second inner layer section adjacent to the first inner layer section and
having a set of second inner fayer wall portions defining a second set
of fluid channels and wherein the first set of inner layer wall portions
mate with the second inner layer wall portions so that the first set of
fluid channels and second set of fluid channels are in fluid

communication.
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sections includes at least a first inner |ayer

section having a first set of inner |ayer wall

portions defining a first set of fluid channels and

at |least a second inner |ayer ﬁection adj acent to the

first inner | ayer section and? aving a set of second

i nne er wall portians definin econ et

of 1At dnairis Haar G 48 an hBSdh dareed & 12npemprising a
layer walrhiitpobft infdts 4 %u%fshahﬁewﬁ&%ﬂp‘édcﬂnﬁﬁldlsﬁbé?rls in fluid
wal | portions so that the first set of fluid channels

and secomungacatign Wltfmatileasannelflstmheletletn fluid

comuni cation. 24 13. An apparatus according to any

one [ISi urality of, . .
i etk AR A ters SoduinGll e, Bt PiebBPdeting cieims wherein
fluid genmisw qRithoR’s \WohBtited easta oplardlikyi of oifdrent flow path
14. An apparatus according to any one of the preceding

cl ai meSeYMENtE. n 5 the flow path is constituted by a
plurality of different flow path segnents. 15. An

o ¢ . _ D or
one 1R sT PRI, B fuf Rolbbin FRctynpligarat kgt one inner
are i n!ag(ebs’eaMm ath \»dhctgmmmluid/vichhnmdzie érbunindstﬂimmﬁlszhgnment
of at i.nner, | ayer. sect.ions

A appuithitie iR RTeR VA Par DT iasa e T Sastians.
channels in at |east one inner |ayer section are

al i o hrVabPatdigs Bebb@in #nerlim P, wheledR$he PR channels in at
adj acent inner [ayer section in at |east two

di f f er lsast phevinpet laysegaetiers are aligfied Avitha fhyeafluidughannels of at

2 eamontad Pl Bt e iRetishelphi 5L Rast o i ent fow path

di rect sédraefisui d in opposite directions. 18. An
apparatus according to claim 14, wherein the fI ui d

channels in at | east one fl ow path segnent
t hr ddgifina gRPGFalst §Cféﬁrdtﬂsntt@g@aw§ .ﬁne\thrnge.dlfferent flow path

sect | Og%rgeﬁtsz {thif€ ofte Stffrbﬂb?é'tlhﬁerl ﬁfe’r rs‘“elcltlébs an%Wts the, fluid in

path b sald at least one f nle
at | eagppamiie ditadgtionsut | et. 19. An apparatus accordi ng
to claim14, wherein the fluid channels in at | east

one fI w ath segnent fl wthro lurality. of .
o 1A AR G kaing 36, ¢ iee Y2 ahteitt e o engnnels i at
one seleasﬂéhélﬁowpameegmewgamhro@] ApiABRG rciftdéﬁti%uous inner
according to claim 14, "wherein th | uid channel s

const i layer sgchens @adt define Al subgiantialye girewlar tflomopgth detween

21 gnetf %a‘t’leas@@‘g%imq“&ét%”n%{?@3‘%%%?%@'8 Tt Gt
said inner |ayer sections.
19. An apparatus according to clalm 14, wherein the fluid channels in at

least one flow path segment flow through a plurality of contiguous inner

layer sections and define at least one serpentine flow path segment.

20.An apparatus according to claim 14, wherein the fluid channels
constituting at least one flow path segment through a plurality of
contiguous inner layer sections are aligned at obtuse angles at the

interface between said inner layer sections.

21.An apparatus according to claim 14, wherein the fluid channels

constituting at least one flow path segment through all of the inner layer
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sections are aligned at obtuse angles at the
interface the inner |ayer sections. 22. An
apparatus according to claim 14, wherein the fluid
channel s through the inner Iaégr sections are aligned
as shown in any one of 5figur 1, 11, 13, 14 and 15.

23. An a rat us a cor one rec n
oV s SBRRAT e BGRET o BphihetRy R0 Jhe A G Mler rayer
porti oRep@hifd. sts of bends which are substantially

ri ght angl es. ~ 24. An apparatus as clainmed in any
one of claims 1 to 16, wherein there 10are two fluid

i nl 22 AndapRAatusuiascotdingtte elgiral 14, spharrein dhenduidhehannels

cone B e R RS B0 TS B o o

i ncl ud@igums puUitier3r HAGndNG. an i nner ring.
26 An apparatus as clained in any one of cI aims 4, 5,

7 9 or 10, 15fyrther conprisjn 0
Or aris An Sonarabes eaq:org@a QuaRbGery G BaredTuCais, wherein

frame; the corr até‘d'é Eégalphﬁrt%tc%ﬁ!;%%‘féfg%ﬁgst%:ch are

conti nuously bring a to contact with

| east eubstaﬁtiallyerighitamglegﬂ ates of the 20apparatus; and

a scraper system confi gured to renove any ice

cry l.s that r surface of the oute te

conah DA BHE EhERhed BAvaeTe i cieilise It el avicrein there
2527. Agré B flaidumleds aﬁhmld dufbi sgufily %@H'aﬁbﬁ@the edge
a plurality of heat exchange plates incl ud| ng: at

| east Ohtefplaied inlet; at |east one fluid outlet; a
first outer plate and a second outer plate; and

25.An apparatus as claimed in any one of the preceding claims, wherein

the inner layer includes an outer ring and an inner ring.

26.An apparatus as claimed in any one of claims 4, 5, 6, 7, 8, 9 or 10,

further comprising:
a support frame;

a cylindrical sealed housing attached to the frame;

a liquid supply system configured to continuously bring a liquid
info contact with at least one of the outer plates of the
apparatus; and

a scraper system configured to remove any ice crystals that
form on the surface of the outer plates continuously brought into

contact with the liquid.

27.An apparatus as claimed in claim 26, comprising a plurality of heat
exchange plates including:
at least one fluid inlet;
at least one fluid outlef;

a first outer plate and a second outer plate; and
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26 an inner layer including an outer boundary
portion, a corrugated sheet netal portion seated
within the outer boundary portion, and an inner
boundary portion seated mﬁthig the corrugated sheet
netal potion, wherein the cor anted sheet netal

portion defines |nfner h&}( i ort on a ted
| ayer foot FOrPioNgYe: %IH%‘? EPrP‘{‘F{ P& é?“wasc"“"-'gae
seal ed'sheéﬁﬁfé‘fél%ﬂoﬁ@éé@étﬂ withieh the @bte&ﬂ&bmﬂ%@ﬁ%omon and an

outer plates, and wherein the inner |layer at least in
part démnesdeuataryepestionseatast wikindhe rougatassheat snetal potion,

the i niEran, P EAHeY Sheqt M Rgagh Syiebnffgh Yover wa

i nner bayin hadtinper tdyen fodd partibngy ac’mdj 'amerémlthéahner layer is
layer wall portions, and wherein the at |east one
seri es Sgpled uﬁ@ﬂ@ﬁ'ﬁhﬂ@lt@tﬁ‘ﬁﬁ@sthaﬂ“ﬁt anga%qcoaﬁeomtpb\nlates and

path b%‘g@@ﬁu gei 38%(3:'{12;5%{ to%'fﬁ%s e idiCott geries of

| east , eat exchan

pl at es ﬂardectmnnem Mdmlntenearalriow:du;ﬂmud\nhampES arelsieﬁaed by the
clained in cl 7, 1{1her ggé{lalgyg] IurI|t¥

of ti e"l"t%ss P@rP s‘ﬂ'@p% & Rdten Piategx by, aRdangl Kyeg Toot portion
wi thin f

te r odn Iy AR indeefep WlitdriohbrehRRgich B bRast one
wher ei seti¢® obflaid @hankelspnakes hpat lenst loaedovp pateisetween the at

arrangdln ra.I l,. 29.. An par ccording to
claim %‘ 'ngtéméot[]?aﬁt I? efff%ﬁjauﬁ% ets and
fluid out | ebﬁd VVH?#éiﬁ' tRe GRG0 e&bh‘érﬁhé ﬁl'a%s he cbriérftédlkrgmcally
conmmuni cati on V\Athapluralltyo fluid outl ets and

wherein each fluid outlet is in fluid communi cati on
wth a plurality of fluid inlets. 25

28.An apparatus as claimed in claim 27, further comprising a plurality of
tie-rods which suspend the heat exchange plates within the housing,
and a plurality of spacers on the tie rods between adjacent heat
exchange plates, wherein the spacers keep the heat exchange plates

arranged in parallel.

29. An apparatus according to claim 1, comprising a plurality of fluid inlets
and fluid outlets, wherein each fluid inlet is in fluid communication with
a plurality of fluid outlets and wherein each fluid outlet is in fluid

communication with a plurality of fluid inlets.



