T "EXCHANGE AND APPARATUS | NCLUDI NG SAME. This invention relates to

-1l e tube heat exchangers for. usq with fluids of all kinds. Such heat
mgers "have _a variety. of uses RN vepi.ent to herei-naftgrs
'be the i HEAR I LACHYEE NP, MT' | - isaHon"U'~S(2‘
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exchangers arggggg gl e:ﬁr?iac !e%/jl'"ng trar?sfer OES%%at %gt \%&%e.rfttvxo ﬁﬁéﬁgs

wi thout §Bpsgsh! Yhdh TAWiNG id# 0atRNkaGas | N mrhesecg%%mér%s exapel e,
steam can give off heat to massecuite through such exchanges. ‘The

nmassecui jeyhl gyt Brouged handebes aid it e daarehsefitnicdl Mkdinhdheegpaces
between the tubes and a steam jacket or shell commonly encloses the tube
assenbl yabocedBbaithet Havairadion | wikth pharefcaikranesesesencled b oserpitathe
ends of the spaces between adjacent tubes and that is generally achieved by
wel di ng bsatibar apparsdus ioffy the kimd ersisd vin hther ssgact irsdwpEeryures in
apertured plates, comonly referred to as tube plates. The shell and tube

pl at es nust bMudtipdef itabentheateaygchangens @riet ysefuli tinstachii eviing
pressures and tenperatures encountered in use. In the case of a heat )
exchangetransfansofchicad hetween twe EAuidr iwhthonsl thase Glyidsgl ceming
provi de stengthening.braces for the flat surfaces of the structure. It is
an obj ecinbP €ABtAFEsend N ARFAT ORTOS GRS ST t BEEIPYSe RR2BxERRNGEVE

whi ch i | ativel I mpl i'on. [ f her |,

obj ect | oPLERRSRRL & MTSARHA bY | BRSNS F A A AROREsor S REFRSSHiLe
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section, ¢} b€, §BaCEssembly to contain the steam. It is therefore

necessary to close-off the ends of the spaces between adjacent
tubes and that is generally achieved'by welding or otherwise
securing the tube ends within respective apertures in apertured
plates, commonly referred to as tube piateé.

The shell and tube plates must be of sufficient strength
and rigidity to withstand ﬁhe pressures and temperatures |
encountered in use. In the case of a heat exchanger for
massecuite having a non-~cylindrical shell, it is usual to
provide stengthening braces for the flat surfaces of the structure.

It is an object of the present invention to provide a
tube-type heat exchanger which is of relativély simple yet
strong construction. It is a further object of the invention
to provide an improved evaporator for usein sugar processing.

According to one aspect of the present inventio;, there is
provided a heat exchanger includihg, a group of open-endgd tubes
arranged substéntially pérallel to one another and in
laterally spaced relationship, each said tube being sub-

" stantially rectangular in transverse cross secticn, the space



- 2- between each two adjacent tubes being in direct comunication with at_j,g

| east ope other, K said space, spacer neang at each of two opposite sides of '

sai d (group cloesing-off. the space bet wser adj acent tubes, each said spacer

meafig..conpri sing a spacer bar which extends in the l[ongitudinal direction

of eagh said tube and projects into the space between two adjacent said

tubes, and petiwesm caTibctwd cadpacent| subesi bejdaa iy diwethteomounacasdon

spaces between adjacent said tubes. It is to be understood that the word

"rect angyl aitds atsckeasbvenendtherf spidwspgcgas SRRGLHMEINS apeehfhcati on

enbraces a square configuration as that is one formof rectangle. A _

char act eri staft o tarperbte estdangef Félﬂhaqup(ﬁ%ﬁﬁ#ﬂﬁ‘?%ﬁughé §Parel | or

t ube plate to contajn the steam According to another aspect of the

i nvention, thRfwesns adIRTeRY Bubsfri RAGHs S8HHpSPACHT IMRINRI FGTRrRhEART 2

exchanger as described above in whi.ch,the tuhQes extend ryght,  said heat

exchanger beIRAFH FRGIEIFRNEHERRES, 41 FBe l?é’@,l)%f‘gitﬂ#go FeC5ipa, Pgent

_provi ded al ong .at Igﬂst one_| on itgdinak.side f said heat,; exchanger,
&fgﬁPoesra’r
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nmeans conne 0 Sald steamc a materi al et conmuni cating with

one end of said floW P BEAGEREELLA thdl Gihe UBRH CAEELENYLIRLNGs

opposite end of said flow path. The essential features of the invention,

and further \pdd odvé eahdr 28, £318oWane paddddesdRi thid sPech ehibawios
passages of the specification which refer to the acconpanying :

embraces a square configuration as that is one form of rectangle.

A characteristic of thé.heaé exchanger is that it does
not require a shell or tube = plate to contain the steam.
According to another aspect of the invention, there is
provided a continuous.evapbrator including a Peat exchangér
 as described above ih which the tubes extend upright, said
heat exchangef being elopgate transverse to the tubes, a
downcomér compar tment provided along at least one 1ongitudinai
side of said heat exchanger, a lower flow dhamber_ihterconnecting
séid downcomer compartmént and the lower ends of said heat
exchahger tubes, an upper flow space intercbnnecting said
downcomer and the upper ends of said tubes, said heat |
exchénger tubes and downcdmer compar tment defining an elongate
material -flow path, steam supply ﬁeans connected to said steam
chest, a material inlet communicating with one end of said
flow path and a material outlet commﬁnicating with the opposite
end of said flow path.
The essential features of the inventioh, and further
'optiénal features, are described in detail.in the following

pPassages of the specificatic- which refer to the accompanyving



. -3- drawi ngs. The draw ngs however are nerely illustrative of* how the
invention mght be put into effect, so that the specific formand ¥
rrangenent of the features (whether they be essential or optional, ‘e
eatures) showmn 5 is not to be understood as limting on the inventipg. In
the draw ngs: Figure 1 is a perspective view of an end portion of a tube
bank of one form of heat exchanger according to the present invention; 10
Figure 2 is an enlarged cross segtional view taken along line II-11 of
Figure 1; Figure 3 is an enlargeld cross sectional view taken along |line
I11-111 of Figure 1; Figure 4 is an enlarged cross sectional view 15 taken
along line 5 Fi ealawihQur - JRVAN -] LAl ar ' 4 but
showi ng thea%%gg%§%ﬁni?g%ddg?wg%ggeﬁgég?afhg¥%u@§§ggkk?1&%%&E§Qg%%§ a
cross- sect i 8hahoyi Ehet AReankieongmight| bgepyk- Yntor efifggte 50 thgfre 7 is a
si de el evattpeaspeterief ferfROBhENHOYEnGEARALALET thRC¢eRuRsNg an _
enbodi nent of the invention; Figure IS a transverse cross sectional view
25 taken a?%h ?ﬁetQ?YIb?I??sg?tFFSUPE optipgale featuresy; &% en al ong
t he saneScrbssnsectoobeaan@egstood hst lihawingnopethpedhnventibngure 10 is a
~view taken al ong.]i X3 f_Figure 8 but on an enlarged scal e and
foreshortened 30" ogﬁgoﬁééﬁfﬁﬁgg;

Figure 1 is a perspective view of an end portion

of a tube bank of one form of heat exchanger according
to the present invention; |

10 - Figure 2 is an enlarged cross sectional view
taken along line II-II of Figure 1;

Figure 3 is an enlafged cross sectional view
taken along line III-III of Figure 1;

Figure 4 is an enlarged cross sectional view

15 taken along line IV-IV of Figure 1; '

Figure 5 is a view similar to Figure 4 but
showing the steam manifold at one end of the tube
bank;

Figure 6 is a cross-sectional view taken along

20 1line VI-VI of Figure 5; -

Figure 7 is a side elevational view of a
continuous evaporator incorporating an embodiment of
the invention; ' _
| Figure 8 is a transverse cross sectional view

25  taken along line VIII-VIII of Figuré 7;

Figure 9 is a view taken along the same cross
section as Figure 8 but shown in perspective;

Figure 10 is a view taken along line X-X of .
Figure 8 but on an enlarged scale and foreshortened

30 - for convenience;

Figure 11 is a view similar to Figure 9 but with
parts removed for convenience of illustration; o

Figure 12 is a diagrammatic view of a double unit
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Figure 11 is a,vLemlsihiIaf to Figure 9 but wth parts renoved-for . '
conveni gnce of illustration; Figure 12 is a diagrammatic vi‘ew.of a double )ﬁ
unit s ‘evaporator according to the inverti-on; Figure 13 is a plan view of

por ¥i-on of* anot her enbodi nent of the heat éxchanger according to the
i nverton; Figure 14 is a cross sectional view taken along line Xl V-XV of
"Figure 13; aedappyater19ccoradingetithe aknyenti@ure 14 but showing a
variation of that enbodi nent. A heat exchanger according to the invention

and as shown in tRég¥F€adHed Su@a RIS VieH SHcROREHARDEE POfdes |ebodiment

open-ended tubes whjch are of rectangul ar, or square c¢rass sectional shape
and are hel dofnthft hgpty € qﬁﬂ%%%Qﬁéﬁﬁ% £y ERScERVABAEENS J-and 3 at

bot h ends of ‘the tube_as ly.. The ends_ of.fhe tube assenbly.as shown in
Figure 1 are the %}bﬁélf%aﬁ"én}igy\/\@r c'Is:i‘iodsegs? s(S) C{Jhél?ajasgtﬁ’ﬁl §.aﬁeﬂl >séomé’s‘s' ge‘e%ei n
Figure 1 the b 1_shayl r af-gr be arranged in a plurality of rows
so that the ﬁégt ﬁz‘{cﬁgngg?%lr% S'I%ngag{% transverse to the longitudinal axis

of each tube 1. There @Ry shel W0 Ve W Gni PUE 06 £iGRR1135 HAIUHSAADY

there are three ro I'n the exanpl e of gure two adj ace

separated by, 3,$R8¢8n4o0#¥N¢hake enfcCidntubes 1 within each row are
separated by a space 5 (Figure 4). The spacer nenbers 2 and 3 are

preferably in theaf peBtokxthadlydialdcodtdingxtngher 2nvearIioN Qridiad ubes
1. Each bar 2 and 3 fits neatly within the space 4 or 5 between the

‘term nal endgRewht 2AS the attardjeld dxawikes, lincludey Benueddrehf npdt#Tkel

by welding. As shown in Figure 1, each space 4 and 5 is relatively narrow

conpared wi tpeheendeds tubes which are of rectangular or square cross
sectionai shape and are held in mutually spaced relationship
by spacer members 2 and 3 at both ends of the tube assembly.
The ends of the tube assembly as shown in Figure 1 are the
upper and lower sides of that assembly. Also as seen in
Figure 1 the tubes 1 éhould preferably be arranged in a
plurality of rows so that the heat exchanéer is elongate
transverse to the lopgitudihal axis of each tube 1. There
may be two or more rows of tubes 1 as required, but there are
three rows in the example of Figure 1. Each two adjacent
rows are separated by a space 4 and the aljacent tubés 1
within each row are separaﬁed by a space 5 (Figure 4).

- The spacer members 2 and 3 are preferably in the form

- of metal bars which extend transverse to the tubes 1. Each
bar 2 and 3 fits neatly within the space 4 or 5 between the
terminal end poritons of two adjacent tubes 1_énd'may be
éecured in place by welding. As shown in Figure 1, each
space 4 and 5 is relatiVelyhnarrow compared with the cross
sectional size of the tubes 1 and each bar 2 and 3 is of
rectangular cross section. The bars 2.and 3 project edgewise

into their respective spaces 4 and 5 so there is maximum



ctional size of the tubes 1 and each bar 2 and 3 is of .rectangul ar cross
ction. The bars 2 and 3 project edgew se into their respective spates 4
d 5 so there i s nmaxi num ‘resistahce to distortion by heat ‘and pres%uyfe.
'he bars 2. and 3 may be arranged to formintersecting conponents of agrid

Seaent PediStphcs” o Yhstn Sron bl haRs BB pikesa . i bk o acen 4
ol et ?%ﬁgﬁﬁoeéy?”ﬁ%fa&f 4 E30E5ERY EnReld el WnpdiLiteSor,
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Steam | 3G b%&\a%%n otfhetﬂéltlexﬁae as§aﬁbh9t bl 19U iKSeRf thdey aaes

i.e., at t e sides of the tube assenbly - are preferably closed by fl at

spacer RAES 10Wwett ks @OfalECANEHLAEPEERES 45QFd B, Thechab sr 62exhand
parallel to the tubes 1 and are | ocated edgewise within the | ateral

extrenei gg e¢het hestldctiinne WOLP presReabiys extels Wamsleeslyodatoskze of -
each bar 6 is substantially less than that of a space 5 as existing between
any twothej zadet asskably toahldse-6ffayhee entlidar groyd asf abilgaedshown in
Figure 4 is |ocated.so as to formpart of the respective side surface of
the heasparesadger. SAliso wisiaioih Lochigsre 4, the bars 6 are provided at
both the inner and outer sides 7 and 8 of the heat exchanger. The tube bank
as described Faywidle e sipprechated! froox the fonpgeing thatcthet each .
end. Steamentering the box 29 at one end will nove into the adjacent ends
of the $phecspacest dadndhriesfarmna ®eriepolofointereonneetednsbagn daaes

entire length of the tube bank. In the course of that travel
between the tubes.l. The lateral extremeties of the lanes .

-i.e., at the sides of the tube assembly - are preferably
closed by flat spacer bars or strips 6 of rectangular cross
section. The bars 6 extend parallel to the tubes 1 and are
located edgewise within the iatergl extremeties of the aligned
group of spaces 5. The.crosé sectioﬁai size of .each bar 6
is substantially less than that of a space 5 as existing
between any two adjacent tubes 1.. Each bar 6 may be welded in
place and as shown in Figure 4 is located so as to form part
of the respective side surface of the heat exchanger. Also
as shown in Figure 4, the bars 6 are provided at both the
- inner and outer sides 7 and 8 of the heat exchanger.
The tube bank as described may have a steam manifold
box 29 (Figures 5 and 6) at each end. Steam entering the
box 29 at one end will move into the adjacent ends of the
spaces or steam lanes 4 and will. follow #tose lanes through the
entire length of the tube bank. In the course of that travel
.the steam will penetrate into the spaces 5 which constitute
lateral steam lanes and as a consequence the entire surface

of each tube 1 is contacted by the steam.

O
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the steamw ||, penetrate into the spaces 5 which constitute |ateral steam '
| anés gnd as a consequence the entire surface of each tube 1 is contacted 22,
by the steam - -6- several advantage$ are achieved with the.construction =
des€r.i bed. For-exanple, the exchanger requires |ess material and is

t her &fore oflighter 'wei ght than conventional exchangers having the sane
capacity. Also, %Q%e?rtarlg(édﬁaﬁh'&a%ré@'&EéVSbMiébéanQi%‘h e Wsnpppatesloh! a
surfaces are of conparatively small. area and can therefore w thstand _
‘substanti al jues9Wed. SiHdd drunipes, tﬁéréxbﬁaﬁFE&_e& e i Tes SURb8ELialL
concentration than is the case wth conventional circul ar tube heat

exchangers g@dt hat ther ebotmrgtligltceri waifRes thpac ednv@ntiken&Dneeehanget s
exchanger. Heat |osses due to radiation to atnosphere are also mnimzed

by the novehagdngt the isamesccapmtitynsul Alson thet staue tane diesl velatively

m nimzed. As previously stated the heat exchanger of this invention is
particul ar | gtxongeas dheysmsuyppgpbedt fitatosurfigaespraseesf mpmparahively
arrangenent, the exchanger is used as part of a continuous evaporator for
sugar procesgald. ariea andamitherefane whtbssandt spbstantinl Nepesuress

of the sane kind for several reasons, but perhaps the nost_significant )
features (ofkddlt Kax whes heﬁle’%@(dﬂ%nﬁe‘ﬂyeagért heatdpg &1 fRFMSPRFentration
arrangenent and the relatively, long flow path_w thin the evaporator. One

f orm of thet@@ap&FaF$Pi9?§ﬁ1 _tkrﬁ%ﬁﬁﬁ?@g°?aﬂociEQﬁlﬁqmFQﬁ viReRE. The
T heat ox SHERGERSTE, <o, ik Hin prChdngRl R FURIEE, 1Ead SaR0S R R tne
e roment < EBAVERL cRlatl N HARPLAL °'nBAYY 108" e S LdWfs RELER' €8

- atmosphere are also minimized by the novel construction so

that insulation costs are avoided or minimized.

As previously stated the heat exchanger of this inQention'
is particularly suited for use in Apparatus for sugar
processing. In one arrangement, the ekchanger is used as'part
of a continuous evaporator for sugar processing. Thét
evaporator is an.imprOVement over prior'evaporatérs of the
same kind for several reasons; but perhaps the most significant
features (other than the heat exchanger) are the tube and
downcqmer arrangement and the relatively 1oﬁ§_flow path
within the evaporator. One form of the evaporator is shown
in Figures 7 to 11 of the drawings. |

The evaporator 9 comprises a reiatively long body compdsed
of an upper shell 10, heat éxchangers 11, a lower shell 12 and

- end walls 13. They are not the only components <t theevaporator
body,.but they are the principal components for the pufpose
of the present discussion. As best seeﬁ in Figure 8, ﬁhe
upper sheli 10 contains an upper flow space 14 and the lower
shell 12 contains a lower flow chamber 15. 1In the construction

shown there are two flow spaces 14 and two 7low chambers :5



e present discussion. As best seen in Figure 8, the upper shell 10
ontygi ns an upper flow space 14 and the lower shell 12 contains a |ower
| 8% chanber 15. In the construction shown there are two fl ow spaces f4,

two flow chanbers 15 -7- becawsd@ the evaporator 9 is a double-flow=
path unit as hereinafter described. The general construction and oper atipn

of the uni PecThES GHE GHaRTAA S T angSu< BaS Ig alE 8575 "
conmar e Pe b PR S04 RO Raat by th 0N B8 operation
arr angenents WALCWapdiil il RS Rer JOURROBRY it dithdd)\ioy VFgE e JbfcL ORE!

shell 12 may be curve n transverse cross section as shown to provi
concave supperisifier Jrl§ e sEeeliégieQd the chanmber 15 nay be connected as
appropriate to the massecuite supply. It is preferred to have two banks of
heat exchangers fThesQuawet cfldy chanbgke l80wmdortie appepaf lownpibewiiych
i s consequently of rectangul ar shape both in plan and transverse cross

- section. Theeupptleridonmnersst dHroughethlel helds exclangsr ofubeaniveandea

. baffles 17 which divide the conpartnent 16 into a series of cells 18 _
(figure lljowheomexr mpamEndntflé 1dcptedebeiside tlendseaboerchangeppedl.
end of the tubes 1, but does not intrude (at |east significantly) into the
| oner fl owIshddf§erent Rrrangéments 7Thowenero arsithan {oney gavneonez may
~the length of the evaporator. As shown in Figure 11, nmassecuite heated
‘Wwithin thebexény 11 Thewsovehafbrylt Bloi@y thee quieed 1inotsphnEvesser -
into the downconer conmpartnent 16, or nore correctly the adjacent cell 18
of that coRpRsgnéection as shown to provide a concave support for the

massecuite and the chamber 15 may be connected as appropriate

to the massecuite supply. It is preferred to have.tWO banks

of heat.exchangers 1]l separated by a Single.downcomer com~
partment 16 iwhich is consequently of rectangular shape both'

in plan and trans&erse cross section; The upper flow space

14 preferably has a series of transverse baffles 17 which
divide the compartﬁent 16 into a series of cells:18 (figure 11).
Eachltransverse baffle 17 prgferably extends above the upper

end of the tubes 1, but does not intrude (at least significantly)
into the lower flow chamber 15..

The baffles 17 promote a desired flow pattern along the
length of the evaporator. As shown in Figure 11, massecuite
heated within the exchangers 11 flows upwardly through the
tubes 1 to spill over into the downcomer compartment 16, or
more correctly. the édjacent.cell 18 of that compar tment.

The massecuite flows downwardly within each cell 18 to pass
beneath one of the baffles 17 to enter the lower ends of the
tubes 1 adﬂacent to the next ce11.18; The flow is in one
direction lengthwise of the evaporator and because of the

baffles 17 the line of fiow is scmewhat s:-uous. That is,
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The MeeSeCOTte flows downwardly within each cell 18 to pass beneath one of (;5¢

the baffles 17 to’'enter the | ower ends of the tubes 1 adjacent to the next :
cell .88. The ftowis in one direction | engthw se of the evaporator and
begahse'of the baffles 17 the line of flowis sonewhat sinuous. That is,
-8--as the massecuite passes along the length of the evaporator it
altérhately noves upwardly through a section of a heat exchanger 11 and

t hen downwardly through a cell 18 of the downconmer conpartnent 16. An
~evaporator as described has the pé?TicuIar 5 advant age t hat each heat
exchanger 11 can formpart of the side wall of the apparatus. That is,
there is no neegsfeie masskelits plesds ahbowgt tive OLéngtle of the heat

exchanger to contain the siea |t hough - V r I stitute a
single 10 vessé?végpfﬁgﬁfi%gdg%%€$%$tggyi@g%?%fggg%gé?% Eﬁ%@ﬁgﬂpﬁurality of
fl ow pat hs and/sscvbesebf arhesigetixthangerell Jhdstiben Bewnwardkgd for
exanpl e by cons st | oypl e f @&g? | | kgures 8-11.
In such a unit %éé??%éuggiékgnggr@€1£%¥/%ng ?@%%pg§ﬂﬁ%g%@?gg gang si de
one of the heat exch¥hRYRPAUAEPr&e deseribedvhpat khanpaebhsedasnt|y those

two heat exchngeysn€ade Den£ONG4EN ChES 98xEh 8h§8) €1 8SEBADEY rmApheBIblEUdi Na
. dividing wall 19 separates ghe ugger fl ow spaces_14 of the two fl ow paths
as shown in 20 ?ﬂ%u§%@egm%% of the apRaratRssar JRAbWLTer EhEEepLSVNAe

transfer means wnésd efyr tdej avissecort t shehh aborgf the onesedd of ehe fl ow

path 1o the BeGLorlpehglgdliccs! Bekeafl Lot DEagRnS! T uction shown in

Although the evaporator may constitute a single'
10 vessel as described above, it is preferred to have a
plurality of flow paths and/or vessels arranged in
series. This can be achieved for example by construc-
ting a double flow path unit as shown in Figures 8-11l.
In such a unit one heat exchanger 11 of one flow path
15 lies along side one of the heat exchangers 11 of the
other flow path and cpnsequehtly those two heat
exchangers can be constructed as a single assembly.
A longitudinal dividing wall 19 separates the upper
flow spaces 14 of the two flow paths as shown in
20 Figures 8 and 9. It is necessary,however, to provide
transfer means whereby the massecuite can move from
one end of one flow path into the beginning of the other
and in the construction shown.in Figures 9 to ll'that
is achieved by terminating the dividing wall 19 before
25 the downcomer cells 18 at the adjacent ends of the two
flow paths. Massecuite can then flow from one side of
the evaporator to the other at that location as shown
in Figure 11.
S _ . In the construction shown in Figure 12, a transfer
30'facility as described above is provided at each end of the
evapqrator 9 because the inlet 20 and the cutlet 21 for the
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f""'s achieved by termnating the dividing wall 19 before 25 the- domnconer

L&l s 18 at the adjacent ends of the two flow paths. Missecuite cantthen
w from one side of the evaporatop to the other at that }tocation as *shpwn
Figure 11. In the construction shown in Figure 12, a transfer 30 ™
acility as described above is provided at each end of t he evaporator5g
because hagsebhlteArathdtle Dobheba’betec®he dHESaSEI tgear e both
| ocat ed between the ends of the evaporat.or 9 and -on one side thereof. A
transver e@apeiratdzr diardleonténe side ehereofovapprdf£xisVeroeowh1R 3@Cti ONs
- an inlet section 23 and an outlet section 24 - and those two sections
communi caieidesottiat ide avf pehé prapotatoat % Hmtw hevo sseetdbnihe
evaporator 9. Very long flow paths can be accomrmpdated by arrangi ng doubl e
uni ts asadeinliete@destitdion s23ead andovitied sevHimrasdenbl yand shose two
diagranmatically in Figure 12. Wth that arrangenent the massecuite enters.
the firsseghirnga cammundcate rthypugbcshed filevetpatth prowsdedvakdshene end
of that unit where it is then directed across to the parallel but opposite
f1 ow pat REhrEhSAdenO Lk dhe RIBPRTARPE Ja. On reaching the opposite end of

the unit 9a it is again redirected to the initial S|de ﬁgyfloms_to t he .
outlet 21, whi ¥B%Ys 4BhiktPRIPAERS: B8 SGAGHmeR 3 dREFFERgANdal | 22

f h def h the.b
and i he BREBIE Bhae 4p AeReH LERH, aﬁtawétlﬁté%i A ga 2oL g ool oo Qfg
he f h h 9b .
Simi | o PEORPBEVERR SHSTh A HESEPRREE R, ' Frr S 2+ o Ky tatoer o
ni s cag e A ATARS ddls SEELERS! Sntilils R TR GLEUR §Ehe

centrally located inlet 20, flows towards one end of that

unit where it is then directed across to the parallel but
opposite flow path within the same double unit 9a. On reaching
the opposite end of thé unit 9a it is again redirected to the
initial side.and flows to the outlet 21, which is located
adjacentito the inlet 20; The division wall 22 separates the
inlét-EO-from the outlet 21 thus defining both the beginning
and the end of thé'flow circuit through the unit Qa. - From
the outlet 21 of the first unit 9a, the massecuite enters the
second unit 9b which has a similar floﬁ circuit to thaf |
described for the first unit 9a. Any number of units can be
so arranged in series to suit particular circumstances.

The evaporatbr 9 as described may include the usual
intrainment devices and other components as required.

Figures'13.and 14 show a éariation of the heat
exchanger "parficularly described in which the spacer members
at eaéh end of the tube assembly are formed by parts-of'the
tubes 1 rather than by éeparate bars 2 and 3 as described.
In the example shown, each end of each tube 1 is swaged

to form an outwardly extending flance 25 and in the assemiled



The evaporator, 9 as described may include the usual intrainment devices an
ot her conponents as:-required. Figures 13. and 14 show a variation of the /[ s
heaiféxchanger particularly describeddngwich the spacer menbers at each| ¥
end of the tube assenbly are fornmed by parts of the tubes 1 rather than by
sepagate bars 2 and 3 as described. In the exanple shown, each end of each
tube 1 is swaged to forman outwardly extending flance 25 and in the :
assenbl ed ookfditiwrlidf othef tubest dbéhel fillanddsarkfeaibt almt edgeetige to
edge rel ati onship. The abutting edges can be pernmanently secured by

vel di ng. Undeiges arel i kensisipnceThes abudhinian edgps ecdib, bé t perpanen tBy
necessary for all tubes 1 to have swaged ends as the swaged end of one tube
1 may provi cecarad fixivetdindee HPEGRd SOME lpisumstange aggebovwn dpe '

resulting flange 25 are wel ded to abutti

: ng side surfaces of ad&acent t ubes
1. Finally, Rigure 065 et ErfRRY sROBDEnRECERSATYs L% @il atphpg, 1 to have

nodi fi cations and/or additions nmay be introduced int.o the constructions and
arrangenent§Wﬂgﬁ§uQQ§%N%§15%§I?w%8§§ﬂq&§j4£nQRﬁntQﬁﬁ) PRy PFo¥tERe2

P R S AONeghoB.h RSy £ e SR e 11
arranged S”“Eﬁ&#ﬁi{%ﬁ;gﬁ&é' 55 L2eORR1%ed a&b‘“aﬁ:‘?fttf‘f?&'%f&‘é“"sﬁ!?ﬁc@%‘ ¢

subst ant i al I%f
adjacent tubes 1.

f‘inally, it is to be understood that various alter-
ations, modifications and/or additioﬁs may be introduced into
the constructions and arrangements of parts previouSly
described without departing from the spirit or_ambit,of the

invention as defined by the appended claims.



transverse cross-section, said group being forned by a plurality of

stantially parallel and laterally spaced rows of said tubes, adjacept

es of each said rowheing laterally spaced apart, transverse:spacer e,

ns at each 10 of two opposite ends of said group closing-off the space
ween t m“lu)m “ “Uortions of adjacent tubes of both the sane angse

differentT““‘ #®am chanber fornmed at least in part by the :

i nt erconnec¢t el spaces bet ween adj acent_ s@j . tubes, a plurality of

| ongi tudi nal 15 spacer nenbers provided at | east at one side of said

group of tubes, each said spacer nmenber conprises a flat nmetal bar which

extends in thea®g tudinal direction of said tubes and is | ocated edgew se

wi thin the space Detween a respective two adj acent said tubes, the 20

transverse cross-sectional size of each said spacer nenber is substantially

| ess than tha.transver $e hats exstEngemlim agd g 1 e gedup spfice within

which it |oc _ ch sai e | S he. periphery

of said g'rou%b(;%?’ teﬁb%%sdegﬁ“g’ecﬁ oa%e:iaq'g%ét e sp%%éel%ll'e%%dazge{tﬁ% (rglé%pect ive
sai d adj dcenenptibhes ateasdi daoite ikke hfinhesupangniallpesecangular A
heat exchanggh GG Hdikd L I Bt MiEN &ddid %%J%‘@é’ﬂé%&fr@é&'ﬁ?ca' onal -

- area of the space between 30 each two adjace ubes 1s substantially

smal | er t hanPdRgaliddiys vf Sukstantiadly Rafabieh 3nd Rtesal 1yt §PRceqd.

A heat exchanghis ¥ WalihGubes, adjaedrit Zubderef el hs§od drowapeyrgse
spacer neans .c serices of intersectin at, spacer bars

i - 12 - fl
onch of whi cHEEFANY SBARSA BT (HRAT SV 10 TRATC R, SRt REcRaCh: d

10 of two opposite ends of said group closing-off the space

between the terminal end portions of adjacent tubes of
both the same and different said rows, a steam chamber
formed at least in part by the interconnected spaces
between adjacent said tubes, a plurality of longitudinal
15 spacer members prdvidéd at least at one side of said
group of tubes, each said spacer member comprises a flat
metal bar which extends in the longitudinal direction of
said tubes and is located edgewise within the'space
.between a respective two adjacent said tubeé, the
20 transverse cross~sectional size of each said spacer
member is substantially less than the transverse cross
sectional size of the said space within which it locates,
and each said spacer member is located at the periphery
of said group of tubes and closes off the space between
25 the'reSPective said adjacent tubes at said one side of
- the group of tubes.

2. A heat exchanger according to claim 1, wherein

the transverse cross-sectional area of the space between
30 each two adjacent tubes is substantially smaller than the

transverse cross-sectional area of each said tube.

3. A heat exchanger according to claim 1 or 2,
wherein each said transverse spacer means comprises a



tube, and a Iongltudlnal edge portion of each said bar prOJects into the
space between the terminal end portions 5 of at |east two adjacent tubes.

4.

[

A heat exchanger according to any precedlng cl airm wherein each

e ——— 5

smuftraﬂsverse and | ongi tudi nal spacer bar is sécured by welding to each

sai chadJ acent 10 tube. 5. N A heat exchengﬁlllmmmﬂwwﬂﬂml aim1 or

by flanged ends provided on at |east each,15 alternate-sdi dstube, and th
flanges at said flanged ends constitute Said transverse spacer nmeans. 6.
A heat exchanger according to any preceding claim wherein said

gg?igesg?eiﬁtéigeggln?p 2%iedg aéEreBSQSOEaSWOOQpRQSbEQ si des

2, wherein the space between adjacent end portion

| o

of said group o

ngi t udi nal

a conpart nmen orm ng  pa sal st eam chest is

provi ded at eacBxsendRetB5AREVer®s §Pdtdeoiongigudingy aKrisupés eaghd said
interior of eaceuseldaﬁenaambﬁgmtuaﬂﬁamneagbegoet&eﬁtbr eath sagdspages

bet ween t he tubes

ent

s cl osed

e .

he . f i
A conti nuous evHEBPﬁFBF Fﬁ%Puaﬁﬁgsgaﬁsa eEY@ﬁBnSQF &86@%3%3;%P§ §h§Q§%@SZf

claims 1 tos6 i efwatcheaatdtwabadjexeatdtupeisght, said heat exchanger bei
el ongate transverse to the tubes, a downconer conpartnent provided

ong at | east one |ongitudinal side of sai d heat exchanger, a | ower-flow

chanber intercofRecting sdi Heaswa¥shangesnpacoRindate BRY PSRELIAAGs of

said heat exchaegsithbséreaa HBEBVsEhG“&%Bﬁ%Qek%be%ﬁaﬂQ%%bh&ﬂdiﬂdi -

30
al

downconer

10

15.

20

25

30

and the up

spacer gar ls secureglgy weialn%ako gga% said adjacent

tube.

5. . A heat exchanger according to claim 1l or 2,

- wherein the space between adjacent end portions of said

tubes is closed by flanged ends provided on at least each

ng

13

alternate said tube, and the flanges at said flanged ends

constitute said transverse spacer means.

6. A heat exchanger according to any preceding
claim, wherein said longitudinal spacer members are
provided at each of two pppoéite sides of said group of
tubes, a compartment forming part of said steam chest is
provided at each of the other twd sides of said group of
tubes, and the interior of each said compartment
communicates directly with the spaces between the tubes

" at the adjacent said_side of the group of tubes.

7. A continuous evaporator'including a heat
exchanger acco:ding to any one of claims 1 to 6 in which
said tubes extend ﬁpright, said heat exchanger being
elongate transverse to the tubes, a downcomer compartment
provided along at least one longitudinal side of said
heat exchanger, a lower-flow chambereinterconnectiné said

~downcomer compartment and the lower ends of said heat

exchanger tubes, an upper flow space interconnecting said
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"changer tubes and domnboner‘conpartnent deflnlng an elongate mat eri al
~QW path, steam supply means connected to said steamchest, a material
Bt co one end of said flow path and a nater|al .

lJet co e opposite end of said flow path. 8. AT
- I nuous m ﬂ“ﬂm ing to claim?7, wherein said downconer o
conpartnent a 10 pIuraIity of cells, and each said cell is

separated fromthe or each adjacent cell by a transverse plate extending
bet ween and secured to said heat exchabhgers. 9. A conti nuous
evaporator according to claim?7 or 15 8, wherein two said el ongate heat
exchangers are provided, said downconer conpartnment is |ocated between said
two heat exch@mgncemeandnéatbeuppeerfEoﬂﬁsp£c§aaﬂdt§bﬁ§ | sadd fieadk chanber
connect the d%%‘%&ﬁ@érce{fﬂéétﬁﬁat a¥ivhBokle bu&ssrefnemt aeffahqn@e%

exchangers. ont i nuous evaporator accQording to claim9, |
wherei n sai d ehengebe Batarhgér §1 aﬂdPPﬁPer§6§éH S9RRdIBEaFEr cReNes e ot

said flow patfoagdiangtbeh tnestgah myedaiaer Snded commupiTad idQRGERIES
conpart e t deflne % Zgn Sﬁcggd sai ghflo ath. sai fh&g ggths bei ng

ar r anged OB ST PALH A BMnEREN88Ee matggipd,
interconnect|@gmmhn1adténgnwiehd$hefoppbéitboamﬂabﬁssawdlElmmamatémtendlhg
| ongi tudinally of said flow paths and separating them agai nst conmuni cati on

except at said 30 ends, a transverse wall dividing one of said flow paths
into two sect8ens mhlchAa¢@th959é§nﬁgépéaaﬁﬁroégﬁoﬁﬁénatNQ'Q%%R?fﬂmwv

- path, and salsdh@féfﬁlaiuanas&neaﬁlee%bﬁ.baa«meh%cqfseal%qld@aerltntTdJ dut on

respective o Slt si deg of _said transverse
P 8 %gf ty of cells, and eac salgacell is separated from
the or each adjacent cell by a transverse plate extending

between and secured to said heat exchangers.

9. - A continuous evaporator according to claim 7 or
15 8, wherein two said elongate heat exchangers are
prbvided, said downcomer compartment is located between
said two heat exchangers, and said upper flow space and
said lower flow chamber connect the downcomer. compartment
with the tubes of both said heat exchangers.
20 _
10. | A continuous evaporator according to claim 9,
wherein said two heat exchangers and interposed downcomer
defines a first said flow path and another two heat -
exchangers and interposed downcomer compartment define a
25 second said flow path, said flow paths'being arranged
side by side within a-singlé vessel, transfer means
ihterconnecting the adjacent ends of said flow paths,
wall means extending longitddinally of said flow paths
and separating them against communication except at said |
30 ends, a trénsverse wall dividing one of'sa;d fiow paths |
into two sections which are interconnected through the
other said flow path, and said material inlet and outlet
are located adjacent to but on respective opposite sides
of said transverse wall. '



-14- 1E A continuous evaporator according to claim 10, wherein there \)
are’'twg 'sai d vessels and the materi al outlet-of one is connected to the O
matersdl inlet of the other..5 12. A conti nuous evaporator accordi ng
to ﬁralnllo or 11, wherein one heat exchanger of one said flow path lies

- adj aq_ent but in spaced rel ati onship to one heat exchﬂmmulll“wm I sai d
fl ow path, and the steam.10 spaces of the two adjac r s
comuni cate through the space between t{hgge _heat exchdngér s*

Crystallisation apparatus including a continuous evapor at or accordlng to
any one of clainms 7 to 15 12. 14. A heat exchanger substantially as

herein particul g4ly deSthbQSn\Mlhhoh%f %ﬁ;%@%att@:ara\cdamﬁfg tdde cadediment s

shown in the acconpan draw n ti.nuous eva orator
substantial |y a¥hg&ReMn ht SrE; Eﬁ'Faltf”y? c'f@&%r VeEFaAS I’?’ﬂ%g H@} i's
shown in the aceatparybfgodeadisngsnndctetio to the mdﬂapﬂaﬂIrnmsunoﬁmmmsatus
substantially as rein particularly described with reference to what is -
shown in the ac® 5Hﬁ nylng drawi ngs. The text of the specification has been
reproduced By photocopying the .applicants original typescript. |t may

contain a few aggndments whb%t%%o@ﬂsf felvcatﬂotratt% RborfinPidid®in 10

typescript containing these anendnments may be I nspected on the prem ses of

the Patent Offi @ 11, wherein one heat exchanger of one said flow path
lies adjacent but in spaced relationship to one heat
exchanger of the other said flpw path, and the steam

10 spaces of the two adjacent heat exchangers communicate

through the space between those heat exchangers.

- 13. Crystallisation apparatus including a

continuous evaporator according to any one of claims 7 to
15 12,
14. A heat exchanger substantiaily as herein

particularly described with reference to any one of the
embodiments shown in the accompanying drawings.

20
15. A continuous evaporator substantially as herein
particularly described with reference to what is shown in
the accompanying drawings.

25 16. Crystallsation apparatus substantially as

' herein particularly described with reference to what is
- shown in the accompanying drawings.

" Tae text of the spod.rieatian has heen reproduced

by paotocopying the ginal
tmsﬁpt It oay contain & few amendments which are difficult to rea:? pu“;::. ::g.na.l
typescrips cmtl.i.ning these amendments may be mapeeted oen the premises of the Patent Office



