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MULTI - EFFECT EVAPORATOR FI ELD OF THE | NVENTI ON Thi s

invention relates to distillation installations and
WOorRM0aooss40 i n particul ar a net hod using nul ti - eP€BTL2006/000302

evaporat ors. BACKGROUND OF THE I NVENTION Di still ation

of water is a process in which various sol uble

material s such as salt, contlaminants etc. are

elininated from water containi ng these nmaterial s,

| eavi ng cl ean, usually drinkable water. One known

nmet hod for achieving such distillation relies on water

evapor ation, AURTL @QTtEXM%FQIbel ng

accurmul ated on the bottom of an electric kettle after

wat er has evaporated. In this process during

evaporation of the water, soluble materials that are
FIEDID OF BHEH ENVENTION h a solid state residue, usually

in the formof salt and scale, and are di sposed of.

The T\ha'xsp irrvenﬁxm tdiﬂes e diztiatios adtdilatiéng midomatietiatia miticular a

re in contam nant free water. US3868308

m‘?ﬂ?) t }Sarpgﬁqt?fées a nultiple effect

evaporator system conprising a housing and a
j of effects connected in a series to one
B‘&%ﬁ‘%@% Sy E\%RWQ& a plurality of bundl es of
he m.i s t hat hi
St eariletonl ST Gk RS indMiicl bt Sofiq FRBHAR SUCi s salt

cothin@@ints ¥1b] &re eliefinéd frbh ﬁfdte%bl@tﬁlrﬁﬂ?g ﬁ)@ﬁ@ﬁﬁﬁ:ﬂ@ﬁale@§ﬁ1g clean,
t he outside of the tubes, causing the vapor in

usyailyediinkaplsnwalss O knewe yagibod fomaphieving suchf dlstlribmon relies on
oSk SHPEE TR R R e or o
eleasHi‘OekeﬂieltaEﬁed @Vatérehetsué)/apo@m‘de s thj?.eplbuésesdlmhgtdiﬁporatlon of the
dj a ent dovvn ream effeciﬂ's whi |l e the rgmﬂi nder_ of the_ .
Waﬁ%'ln Bﬂ?lmaéﬁn thet atgct yolptide HoRaB A gor fl stpte pegidue, usually in
thefoRmnaH saftafld atalt adbed hrph el th?h@%&ﬁtcaﬁ Al éinﬁeﬁéa& back

formof a concentrate and I s noved e spraye
lntagétaﬁfsofhmd,dgstéﬁllwn@bnﬂahenm fres Wadtert he adj acent

ups a 0 d so for wat er._has
conp gg?&g{ o élé %{?&g ?ﬁr%ﬁcgﬂseﬁlar HPH{%{’]I&%@&F§V?}?“{“H% system,

coRpApas at BiusigsiRina phﬂelt? rFCeretsyénbsted s bi deti@H10N8AE inother,
on the downstream end of the evaporator and a warm

eachop{dest thaging & plupghity pbpundies af mibghl The aysteamis huilicsughtleat high

oS R, IR AL 0 AUEERT g g

wakanvie rdprayed tdgeinst il puteide defdtha totkst icasdfifige clie empdnahertube to

condense while evaporating a part of the non-distilled water. The remainder of steam
from the tubes of the first effect, along with the evaporeted water outside the tubes
enters the tubes of the adjacent downstream effect, while the remainder of the non-
distilled water which has not evaporated, is accumulated at the bottom of the effect
housing in the form of a concentrate and is moved to be sprayed against the outside of
the tubes of the adjacent upstream effect and so on and so forth.

Once water has completed its passage through all the effects of the evaporator
system, the process yields distilled water on the downstream end of the evaporator and a
warm concentrate in the form of a highly concentrated water solution of soluble

materials on the upstream end.
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adapted for distillation of water, conprising a

plurality of effects connected in a series manner and
wa@eooaogsdo i Nt o groups i ncluding a nost upst r eaPCTIIRAE/000302

and subsequent downstream groups, each group having a

nost upstream effect and a nost downstream effect and

havi ng a common parall el water feed inlet adapted to

supply all effects in said group with feed water; the
SUMMARYOF THE INEENTIONIdi ng a main feed water line in

fluid communi cation with the nost upstream group; an

ar r Agcaodingdatthe prageripiosedionl tbag is airavideda m -ﬁ%ﬁb@worator

for, heat i.ng.saj .er he ' ' 1 .
s EE AR B SotBhSER DB DECRA! Vb 18 e
maB@ndSaiihgbé dhtot prRnpd eiclikans adapledrchm F@Opiand @bsequent

i nl et vapor and produce fromthe feed water a first
dovgutiean araisy caqhesolin Bating 2 metsh PAtEA T iqch and 8 gpshdewpstream

_ il ;

o gy 4PN A op A P GRRIROP I Bk iyl B
said gromiprsligh feekl witer; fthe svapordtet fuvthpoinchsling 3 ewon feeduvdtet line in

vapor; each effect conprising neans for f rdi.ng the
i pGiiitien Wilh Bie FOPSFdGEREENER BOMhL PE Rpet ons
saidMiBE @nd bdatdd for MRefind sHiEfeaivehidd BeFbrei iftl diryViafOthe efBts of the

means for forwardi ng said second out|et vapor into one
mogif upstEam Igeeiine cacts effech eemprging heal trapeligr wieeay adapteddp yeceive an
. .each gr furt [.S] 1 .
G355 Pt A5h, PEBFLNG AoPUMecHBRL et e e
of thedeqiivhtet bis h RbAcchiigtec i Icopdeak laeariett the itleevhpof teaproduce

. adj acent downstream group;. .and neans for collectin
distifed wrist lerene fg Emaindsr gh éhee’ﬁﬁb HiFFEPOB S £ ffgcond otlet vapor;
each"MRIE 1cBRprikiig M€ fof o ing'ecﬁé‘sﬁrétnoﬁ?& RaBbf 8RS an adjacent
conprises a plrurality of tubes wth inter-tube spaces
dowhstreeine tfflecin witele it wbl scdmefitute agdpfisstl ifilst vapori andngeans for

forb A S, SR UG GOt T CBeP st e S G Fog fed vter
theYe%?? Edchadrb@ fifhed cOBPisifg a pafpf Klaptedad ekirhdd thd\@ncentrate from
infer-tube spaces, to produce said first outlet_ vapor

the e4kpotsi9d Saifl ereumendiesp binte He oswaomparalielauater feed of an adjacent
t , | 08 | . ation of a
oR SR BN ap i E R sl Ao id BEAQIVERET (T0ce (e
di sid bhe&nidanent| efathie Ngvéntion, eérahed eransfer trheans hedach effect
vapor as_the second ouytlet vapor. The tubes are

compiseRet PREBHY f TbFS SHANTEATTTHES FPASCE SHAERRWERTab® Mubgs peing
addpfil AR GORAN!hE inARAor! ERITLOREoRCe Oed Rt baGhsd @ heat

the ot her. e parall water feedinlet In each group
traxpffert therebétineet sresulying omplid sapodizstper ef apanteciiibe ddedvettr in the
. .to jntroduce said feed.into,each of said.effectsg of
intgrHybe TS0 BERIHS A% B PELSL SBRYAlE S TepRES PR the feed
waidh @s Wetofberft@ed af@YeddRingTh iR G RIndafibA ofAGpart of the inlet vapor in

the tubes, to produce the distilled water, leaving the remainder of the inlet vapor as the

fa I

second outlet vapor. The tubes are further adapted for channeling the condensed water
and the second outlet vapor from one side of the effect to the other.

The parallel water feed inlet in each group of the effects may comprise
dispersion means adapted to introduce said feed into each of said effects of the group so
as to allow its contact with the tubes. The water feed may be introduced into the
dispersion means in various forms, e.g. thin film form, and temperatures, allowing

optimization of the heat transfer and overall desalination process.
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di spersion neans in various fornms, e.g. thin film

form and tenperatures, allow ng optim zation of the
wheab/0p33amsf er and overal | desalination procesBCTE006/000302

nunber of effects conprised in one group nmay vary

according to the water feed rate, water tenperature

and additional factors. The3group formation may hold

up to 30 effects maintaining high efficiency factors.

The The hambenef dfermycdmprméd am ynerpitoap inady edry @eéording to the water

reasonabl e heat tra tvveen e va i nsi de th
Food B8, WRIST (RERREFALEHG 0@ &&%ﬁﬁ fa?toraf HEoh %%m nadigR raydiold up o
30 38 %ﬁt&hn%tlﬂ%fj effRlaby fRforgBt al alloys. In

operation, bes may be positioned horizontally or
ti I {fhd tabe dnndaginey d% b any dnsthdalcdineng eﬁasmpbir: heat transfer

oo LBpod R 18 BPOploNAt 2, RRELBE AT et o

alun88tkhi Gt Qe Pe@]Ch H1taRMIIEFNIE ope@tibANtha NEbdEBaP ®e Positioned
ot her _shapes, for exanple oval. Further nodifications

horfagntylly Watdéedtaé ap pegieasie visk b condansedsvaper variy tej tabesdp flow

aoiige U GB0 D SF oSO 0t P B g s ot
reﬁcté’d—lﬁ DRANIANCGD sk Bectiod @nd by bedE bitea aldapteh dot mam]ﬂé oval.
and to. see haw | rried out in one

enbddithenmodio trfglsp}péé Eﬁtma} verths SY?RRF}“P‘JO 50 % ¥ galvanization of
th@&ﬁﬁéﬁs*éﬁﬁlbe? xédmg i tr%nuémgwdw afSAmet ﬁle%haensw ﬂutaes etc.

reference t0 the accorpanyihg draw ngs, in which: Fig.

1 is a schematic vi ew of a mJItl -effect evaporator
Dﬁls FTOREO wpigkhe present invention,
W|ng on?) ? |rst an Iast effects of each of the

gr OUR Drddritd- un&eﬂsﬁand&h@ Rh@hOesl aMd eysed hgwauRnadOBe BhrtiRd out in
upstream and_downstream ef fects of the adj acent_groups

pragtige, gegenapodimenteqisie miessnt Brvenien WilFpgw be degsrbed, Py way of

noir}ﬁ n?ilnfig F;?eg@@é éelyb%?%fre?egég ﬁ)dthIE ﬁ@(%gﬁ{da §§g d!r%m%x@? in which:
DETAig.ED i9ESGEhdridtioNvishy EXEVRuAREfebBelipdadsS abeaqdinglto one

enf R e e SRR e YTt et oo of

th@Qgﬁ .and al ong the evaporator 10 fromits downstream

end 10b to its upstream end 1Ca and with its main
vapdiig.f it énfezdd viess of gratip d0nivtith uitstreap sind glammetichm effects

f the ev The eva at or. i,S _adapt ed
of faieghiifaling, AFoLne AEuBrRBoT 8hfiin He 17 p8r The
mai IFiged & a k@Rehatic Neevk bf USebU h¥AROlse H €lid A@lt-EfEdt @hporator

t he
shown in Figs. 1 and 2.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Figs. 1 and 2 show a multi-effect evaporator system 10 together with its main
water feed line 11 extending above and along the evaporator 10 from its downstream
end 10b to its upstream end 10a, and with its main vapor feed line 11 associated with
the upstream end 10a of the evaporator. The evaporator 10 is adapted for the distillation
of water entering it from the main water feed line 11 using vapor entering it from the

main vapor feed line 12.
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mai n vapor feed line 12.- A - The evaporator 10

conprises a housing 8 and four groups of effects
walembgosted as 20a to 20d, disposed therein, grPOLIL28G2000302

bei ng the upstream nost group and group 2Cd being the

downst ream nost group. The evaporator 10 further

conpri ses a condenser 13 addpted to condense vapor

remains fromthe distillation process, a distilled

wat dhe raaporatont) t¢émpdsgstaelbusingc® b fitur graips lolf effevimtdesignated

os PR S5 B porr O ERE SoRaPatslber W arSRFSa: gigrnd sroup

208 N6kiRe Bhé NviidiBarkm@daplogf. MheWeldMdfa% 100MARE comprises a
evaporator brine left after the distillation. The

condsnsrenbe radapted Hot ¢tondemsss vapoy tepwatse fomt thehdistibamet peeoess, a

.end.of th t Th feed Li 1 id

aisfiie Yo S 6 RERE & TR et v Gl by e

evatRpbr, ianprouct buaghapt adagted € aethdew 8RN theQBpAARM the distilled
roup. 20, and to_heat therepg the water in the feed

wafqrnden brinepusnm b3 péaptetor withdiaw feasmriel eyaporator brige left after the
disAHbGHE THE ROONE: bfli BO@ puy@ihe!1BedlBat. the Mohshrln bOE of the

nost upstream and wnst eaters of the groups a
syssemd. 20d respectively) used for renoving

non-condensab) e ses .and renni ni vapor, | .
{1 UG tmirs e B ks aRia 85 hesEickdaFach pging a
heaﬂt%ra vadas irﬁetsﬂcﬁl;égteﬁl% |r8<§ei€’e4va¥pe%[‘ ¥nf Q&é‘hagfi@ﬁzp 9% g.ig@tt@ heat thereby

therefrom Each” group of effects 20a to 2Cd nprises
theawteniingthg fgeddineck . otk hggtemd firthsk gempiisep aofirst afitdat 27 (shown

. S onne d.in.series w the effects
in FRATIEE B P, FORBTEHER L0 3B &t Ad et B8R, i eroups
20& haabzod 4&pectivelydfisedt or akmottBipohed coddeheibl’ @assbH&NCG) and

mpst upstream and downstream effects of each effects
rerpRiBig vapoTh B} Hgld feuigiueatipnakits ep Née(¢ andyapor removal line 17, and

Lvel and 2Qd hold within
asp eren%g@?te‘%t%r Eﬁ’%@%p@tefggﬁq%%lzlz to E16, and E17
t o E26h gesmpect effedty 20Eaoh20af corhpriek fe phusaliy axfpsffe® 30 and a
al.so conprises a gconmon rall el ter ji.nlet 25
DIGRIT QE IR G GrS S0 PP L st iot W Bt epapecu it goch effect 30
had B4 (QAips@ednt Side WatiRTet icRa@bdrd( THel dIFLRI R IdREQRe®@™ BfE20, the
the effects 30. Each group 20 further conprises a

mogbwRséieim ané dawastreageefidcteofzaca pffecis gronp Athetgalepignggedas 30h
and 301" ?e%{)c?caitvé@fe @g?vﬁlp% %ga,gg(%bg Fz)ﬁg %&5 ?ﬂde B%SVI}\%I[IQ% td'ge\é\{? ﬁgects E1 to E6,

concen
E7ad&p{ gl 2 10 H16} aetBrEto FX) eemetnélyate into the water

i nl eEtachzgftcflfe etfffé(gtssubseqzu(gegf downst r eam gr oup. el .

groups so comprises a common parallel water inlet 25

divided into dispersion means 26, each adapted to introduce feed-water in a thin film

form into one of the effects 30. Each group 20 further comprises a concentrate drainage

line 23 and a concentrate pump 21 connected therewith, both adapted to withdraw

concentrate from the group 20, the pump 21 being adapted to introduce the concentrate
into the water inlet 25 of the subsequent downstream group.

Each effect 30 comprises at its top a main water inlet 31 adapted to receive

water to be distilled from the dispersion means 26; a vapor inlet 32 located on the

upstream side of the effect; and a concentrate collector 33 at the bottom of the effect in

fluid communication with the concentrate drainage line 23 of the effect's group. The

vapor inlet 32 of the most upstream effect 30h of the first group 20a is in fluid
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Each effect 30 conprises at its top a main water inlet

31 adapted to receive water to be distilled fromthe
walr@pesBion neans 26; a vapor inlet 32 | ocat edP@IIIL2065/000302

upstream side of the effect; and a concentrate

collector 33 at the bottomof the effect in fluid

communi cation with the concehtrate drainage |ine 23 of

the effect's group. The vapor inlet 32 of the nost
coupstmiesivneditle tie B&m vdpor hime fi2; Sthilgr eHepvapORirils 3N of each of the
Iuigfo ni.cation wth the main vapor |ine 12, whil st
othgFIFLIS G epth SouR 3 YrRPIEddR TRACerEDEE: éa itk pieseding sHlet chambers
408 ' ; ' jaits

e B e et 0.0, Lt el y

pr ecWathing thed¢ffese 30 splotatedim aftbcmindB0 35\\edrsisting hef horizontally

ffect 30 ks |located.a tube bundl e 35, consisting of
oA Ao R Rl DU e S o o My poace 3b
th@ebetiveen! | Bife §s@64n 20864 bP TR tubéd 352cRAGE: Beliapor inlet 32 of the

her ehet ween. The upstream ends of the tubes ESa

eficshgntthe dovherepgpendsi of B tgheodsa henstinfteet firsanwhtetand vapor
outieVBS LF Er%@ffe@fjst‘optfaﬁtogtgnéﬁpsgﬁeg %te%oeg‘?ﬁ ttlflltF gti}baee,;}lg gtgh%i space

wat er ‘and vapdr ou he ef T ect,
350i Istivkére thewmbes censtittitesga tsbéoridylvapor witlet 6 stheheSEBLE for vapor

cxchid] GO eoieed REEr PelbE Pare JADOFEaeD dbedulios et e tubes are
slitBe# dw@h%dlw iﬁéﬁlﬁeé PREE ﬂ?égﬁ»éﬂ%wﬁﬁ&e b ﬁ}et LP&S 1333 doWiBtream

.tubes are slightly downwardly inclined fromthe
sidggietallemnwateiBowtheréia veingegravitationslsfochemn $he ades siedecdted under

I . flow therein usin ravitational forces.
ot R 31, S B et o ke Rian e 2 e owreved
théree] toadaRke heanriiRfer HeSREd S tHRNvAPRR Thvale WatHie (RO 18 thnd the

thereon, to cause heat transfer between the vapor

sprayehivRierwi b piflst fhe tibes 3armae senposiod by ead earaaged Within vertical
fu «Qfgt he tubes 35 are supported by and arranged
wthin vertical tube sheets 39. Each effect further -
conprachkeffeet foctherssunipaises aubhdepwatei MRS 1bi3ThwkiohREEAdE s the

th t |1 3 of h effect 30 with
cop{HaaBGURE P Wrearhagech ThaThahe TRecetEcHaRae g, The
coBden@hitce pghp B108P 2R g'gl%%ﬁ ANRCESGH L] 35‘ Z;BQ Qi%ﬁ{stﬁ&ﬁ{neﬁggof the

of the drainage |ine 23. As nentione ove, e in
draipagedire 280 i s di sposed between each pair of two

adj acen ffects 3Q. .0 ffect bei.ng on.the upstream

&1 tasopeninef e he I pfhun 5 0 S pEPRG ererd Sach B of o
adfhowmtsiffeeaBOs bitee fidct beiag Ghah® @pstrehitsigd aferch4@béSand the other

adapted to receive water and vapor fromfirst and

beigchtheipvmsiream ideref the chpmbpie Thrfaembeiodd it adapied tpereceive
. T . .
W et %{dﬁgﬁ'& Iﬁ%ﬁ’l ﬁ¥st taﬂ& s‘é‘?ﬁ'fg?&%lftst %? aﬁctl1 %gbo%{thé Seﬂ%gtsfogg{gg on the

vapor from ou
upstream side of the chamber. The chamber is designed to allow vapor from outlet 34 to

flow into the vapor inlet 32 of the effect 30 located on the downstream side of the
chamber. The chamber also has at its top a vapor outlet 43 via which the vapor from
outlet 36 is diverted to the vapor inlet 41 of the corresponding heater 24. The chamber
40 further comprises a droplet separator 38 located at the vapor outlets 34,36 of each
effect and a distilled water collector 42 located at the bottom of the chamber, adapted to
receive the distilled water from the first outlet 34 of the effect on the upstream side of
the chamber. Connected to each distilled water collector 42 is a distilled water outflow

line 47 leading to the distilled water main line 16.
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flow into the vapor inlet 32 of the effect 30 | ocated

on the downstream side of the chanber. The chanber
W@b®eo/odi3go at its top a vapor outlet 43 via whiB¢T/112006/000302

vapor fromoutlet 36 is diverted to the vapor inlet 41

of the correspondi ng heater 24. The chanber 40 further

conprises a droplet separatef-38 |ocated at the vapor

outlets 34,36 of each effect and a distilled water

col | RGhenld4e: hsediadd dllat_taflﬂl_ob%ﬁ idegoribbd e @hB&REeMmon parallel
adapted to receive the distilled water fromthe first

draigggest foghothreoperaitrater anddigiHled veateny ther eonpsnitatfecdlectope33 may be
e ¢
ofJRHELTn ST REE ke A5 S tilaiviB! FllckRs 9240y, also be
cofihsdted toashevabther ined series mandds. 1t shoul d be appreci at ed
al | el,

t hat __al t hou descri bed here.to, be common .
dr ai Flaegégat?rg :5%16% eegl’h gs rssosiaied Mathypag gmuggmi &fith one inlet
chtaﬁﬁ)_eP%‘SPéHch%Y&p%, beHoWrSin3Re Mir@%. connected in

series to one anot hgr, and the di stl_l | ed water
col | Bt mam watemdsedalinrolbend yapercieed ling 18 rree apaneetad torthe first

i GO R Rl 3e g s OS5 S33H S

weEO i 24bor dutlSHBOS the lhfefdee3otndshe THREgidap 20WALELPipe-line 13a
feed line 11 and vapor feed line 12 are connected to

andrke ripg puppflScis i3 didgommuanication Wik digcopgentrat,drainage line 23
LS A0 f:l uj£ comruni cation with the water
Ofgﬂgga\%g%gpp %ﬁ% jIV%tﬂ1 4fl%¥i%he | ast effect 3Qx of the |ast
gr ouln @@ehtionafeed peatdriin énthdslacahftombem dxtérne spurep idid the feed line

in fluid communi cation with the concentrate drai nage .
13 g dhelpVaRITE NG opd of ther Fsigy @Habﬂuailé‘.’%@mim@seg glong e feed line

' t i L.Nty1H O, f t [ooer o s
1CRERA A hEARH 28 1, heucrd PUOCHERy FOEVED 1081 SRAP apti it s
intrbduedstenthe abmatoaytar2ECwatem dnlpa2S exll dleafigperdien freens 26 of the

| ine 11 through.the.heaters 24. The heater 4
S BUA PG THEAEPROf DA RS Icl B FERCHES Chbefiies d0b of the
ﬂﬂg‘ﬂg&u 92 GP Mh@?trt@fn#)@ljauﬂ@%icﬂ RhPleadR 8918@°C|_ﬂ§t the same time,

| Spersion nmeans 26 of the first group 20a.
vdpeatt agenoperithe shighdly absves8E°C isHatrodced & higs vagoe iflet 32 of the
effect 3Ch of the first group 20a_at jts_highest

figshRient-dtcu o HisiPRtreARy cRdsat Rhepibestda of the fist gigkp 20pne,
vapoThiiaily HBINAE Rled1feds bkl ARAYRIPRbm! Re main water inlet 25
e vapor 1n t

i ntroduced Into t et 32 0 e first
usatig dispsrsion eneans 26 vihheh sppat it émthie fidte fofm.tilee abailh @2-83anm, onto

of th i rst gr a, Jhe ter fromithe . feed lin
P oS 3 T AR £ R 2D WPt hpetontact of the
whiSh fitin GriSP@E TR 358 2 Beat Grabfe ProSétk axkek ipldeB beRiden fthis Mim and

form i.e. -about 0.2-0.3 mMm onto the tubes 35a of )
the yeporcflowing vethie diestubs 3. reelting in pargjplenmdomation)pbhe vapor in
tht hrﬁbecso% agd p?uttiai gsaporation of the feed water in the space 35b between the
tubes.

The vapor that has condensed in the tubes 35a constitutes the distilled water and

flows by force of gravity down the tubes, which are inclined, into the inlet chamber 40
located at the downstream end of the tubes, where it drips down to the distilled water
collector 42. The distilled water flows down from the collector 42 of each inlet chamber

40 to the distilled water main line 16 via the outflow line 47. The remainder of the

vapor that has not condensed in the tubes 35a, flows into the inlet chamber 40 and is
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water filmwth the tubes 35a, a heat transfer process

takes place between this filmand the vapor flow ng
wowdokiopssshe tubes 35a, resulting in partial PCT/IL2006/000302

condensation of the vapor in the tubes 35 and parti al

evaporation of the feed water in the space 35b between

the tubes. The vapor that haé-condensed in the tubes

35a constitutes the distilled water and flows by force
sugltedyviavthe yapoventlehd3 inibdke vmpnrahleanaa dfrnled tespettive Me@ter 24 that

h l,e h 0 d. he d d of
e (Bl ViR G 6o (e R Ebiirne GritbaT B TRed vt or
col |'Hat feed 44ter fAChAY tofdel|ife %&ﬁh thd G¥e 99 Betlyk %%bes 35a
St

collector 42 of each inlet chamber 4 o the di | ed
of\the effeeteip rfOIW%ﬁ‘éedl‘Gla\ih%C]@meﬁLﬁﬂfﬂOoﬂw Iveper iRt 32Zhend the upstream

cBETEURSGE Ty DELIBE! o R PRI R 8 ot

not ssapwkatdd, vitaandi eheveqoentersd,| @ipsaddvicotht en¥a®@re édlleBlor 33 at

pective heater 24 that utilizes the hot
"h‘%/é%‘g‘im Pg theifect #ib ﬂ%@/ the conpenite Mai dasmentofthe doncentrate
drguhggggezﬂmhggg@ Pt hat has turned into vapor in
t he” space 35b betvvee ﬁe tubes 35a of the effect is

f or wehedesahcenteate fsethe @mmped 40nt thet donceramoe diaiagt 132,23 using a

e SR o 08 Sl ez o e
sedid QYGPROE itre MBRIKsS Ree ﬂ:@lqmtﬁl@%ﬁd sﬂ{sécgﬁnfj%fyﬂﬁ Quith the

the concentrate coll ector at the bottom
ongyt fidterenge befwasithin fisth erowp mm@u &teeSUmeusntdgmups Atoto 20d,

thiétl'iﬁe ﬁ%ﬁg&g{ Zh’daeregé’l sr}%gc? \&Jajterll%r %ﬁpﬂ%&nﬁg ftI 1{1 ed %ne lﬁ while the

centrate 1S then

otlen rgreuyts rlatcﬁv«:i feid nager frometh FohcInhgteapEARCEN tThak Sthe BRI water
??[% V|a Ilne into the common parall el wat er
anfl Hhe vasl &61%@69@? Sypng dke Prgsesse therevappistassystem thus
beh &q@w&dlfeedﬂmnﬁm Fu Se%gy& rgroups, with the only
en{%fference bet ween tﬁe (}f:{l rs Qttroou 20a and all the
su bél"é?@fl;feﬁ?d heptey 2dshpob it Fig QB adhpned lt(hEBcé]JVB Stedowateipth2@gh the

i EFL 4] ety ML et st end Fllminineat wanstr

betaRa ahé twbd ETIHY pRScesslyielill Uatell tIEed‘ fakr \I@atvﬁfg Gl qleﬁﬂéie 24 through
vapor both nove downstream during the process,

theaQuilst ddb snd cpadeased Mepprpesttusing stisiidled vaserd leraivmw the heater 24
f t
o bR AT S 8 e 1SR S5 B A R e 27 i
NG G lead vapm 1med7h The v M?ma}gbei\[ﬁﬁlﬁlh trcgtﬂ]g’{hnidaﬁoh Rt thd Histilled
e an er etween e WO
welit Go e SUA S FlertchARPUAD it O i lag wees thisaline 164
t hr qughaohe RUdHHRH ;%)ﬂoées\%;@o&%? edi&ﬁféd"@ﬁlgf rand obtalgs the most

constituting distil eavi ng t heat er
highly concentrated brine at its lowest temperature due to the forward feed flow, as

opposed to backward feed flow where the brine is produced at the highest temperature.
Low temperature brine allows preventing the danger of scale and corrosion of the
installation. The brine is removed from the system using a brine pump 15 via pipe-line
15a connected to the last concentrate drainage 23d. At the downstream end of the
system the distilled water from the distilled water main line 16 is introduced into a
condenser 13 via the pipe-line 13a, where it utilized to condense the vapor coming from
the last effect 30t of the last group 20d. From the condenser 13, the product pumps 14
pumps out the distilled water using the pipe-line 14a.
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t hrough outl et 44. The vapor that has not condensed is
renoved through outlet 27 via NCG and vapor line 17.
wab@eoesshet 44 may be in fluid conmunicati on wehit2ees/000302
distilled water collector 42 of the inlet chanber 40
or with the distilled water main Iine 16. The above
descri bed process produces dfstilled water and obt ains
the nost highly concentrated brine at its | owest
t enpEhabperatichus the abdve descnipaddmbikiesfdct evepossorofpage de further
tggpackmar fe fl ow where the brjne is:prgduced a
mpgifieq; 49 SEpancebE FIGHS MeapH S 108t fgns 1BF PPAYYaFiBtss Pre-de-
adREREH th GraleD &) H8RARMM AlbeS £ £i@BRuGALA 88 1uPBs Rbm! fiBe plates by
Installation. The brine is renoved fromthe system
clagomgr grobmeie apdmpof®rating picpéicial aknlifamouapnesitmdartodes in the

s LS S ABRAP o o H PP W et

thdipbdess, @he WRkEEoMbA off WARCH & dca-Waikd, 06l deditloh,WRiods numbers of
condenser. 13 via the pipe-line 13a, where it utilized

effestsc v daels sroun and.aangra ¥aigusumRkemof §Ee¢ta sltogathes gpayby used in
Qd. Fromthe condenser 13, the
m%%%%ﬁﬁ?hggﬁ%%ﬁ?%ﬁgénps out the distilled water using
t he Phepe-skilleé il tha aftite whiel thid iavertiontpesaiab ok radide apredate
multi-effect evaporator 10 be further nodified and
thahaperees %vn%%frv iR medatns g bF P28 VRGPUhdeReTing
frORIAE SoopP bEHIGRARMALA M Ms hf}nf@L €T in a titani um
tube, galvanic insulation of tubes fromtube plates by
el astonmer grommets and incorporating sacrificial
al um num nmagnesi um anodes i n the subnerged section of
each effect. Furthernore, various types of water may
be used for the process, the nost comon of which is
sea-water. In addition, various nunbers of effects for
each group and, and a various nunber of effects
al together may be used in order to yield different
results. Those skilled in the art to which this
invention pertains will readily appreciate that
nuner ous changes, variations and nodifications can be
made wi thout departing fromthe scope of the invention
mutatis nmutandis.- S - CLAIMS: 1. A nmulti-effect
evaporator adapted for distillation of water,
conprising a plurality of effects connected in a
series manner and arranged into groups including a
nost upstream group and subsequent downstream groups,
each group having a nost upstreameffect and a nost
downst ream ef fect and having a common parall el water
feed inlet adapted to supply all effects in said group
with feed water; the evaporator further
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including a main feed water line in fluid

comruni cation with the nost upstream group; an array
woRookhooi3er s di sposed al ong said |ine and adaptBAI/fI006/000302

heating said feed water before its entry into the

effects of the nost upstream group; each effect

conprising heat transfer neans adapted to receive an

inl et vapor and produce fromthe feed water a first

outl et vapor, |eaving the remai nder of the feed water
crefrMiseoncentrate, and to condense a part of the inlet

vapor to produce distilled water, |eaving the

1. r enmaiNggiitdfeth @vipgokfbr \GARGEd for Al RG0S OMUiwaGdr, \cafPFising a
each effect further conprising neans for formardln

plqrh]etyqureffectgbqopmctqﬂam sq:rmsdngﬁlegg?céégmgegdmgrpggqﬁncludmg a
fect
ity St B it i lou SRTAO By Rol ARy most
up@tfreai‘i:]rabﬂed‘naﬂc} Ehﬁ)ﬁf dxrwﬂmamm‘fesamdl Hawigy a/\mrmmm pmaﬁblywater feed
. eac ou urther_conpr
inlgs 14 P AL SRR 8t ek Palsss the v ppagrigy further
1n¢ﬁ'gﬂn§ ‘A'H?aﬂé Fedded 1R 1RQTHE eoﬁﬁ{uﬁiclaﬁé)n Wﬂh%ﬁe fn%@tduﬁ%freﬂﬁ group;

ent downstream group; and neans for col |l ecting
ant dreaydoféhepaltdredlspamdralmi?g sdid leveagor aia@teda‘rbc dxe@lﬁurgg sgi@ teed water

begx{a été ten%#gi) ﬂgeeegfegpqufgﬁ a%I)IO]t_S{ll?pg feeterﬁ SLOUD; e%ch ei:fﬁ ar Qor?%rbsmg heat

traBRE BahdRapRE tYeRRIvelAeiniet hEsor RAH PEbdada foedtht @ted water a first
receiving said inlet vapor, and contacting the feed
ouﬂet por.deayingste h@mmdqrmféh%fee@ Heles Be b fersstratgsid tosgndense a

1“&1% %&a&) f%fh%e alsgﬁ&} vs%{ert ﬂa?}f gecﬁ E%%Bdéﬁof ff inlet

Pers tu aces uce said et vapor,
vah)elaa/s a’lgacbiitEoﬁt&imaptﬂgeaohfeffeb‘efuﬁhetdcmmﬂsmgamems for forwarding the

co trat d I d f .o
Brg o R P USRS VRS SO dgesiuf id inle
vaglns tahhlrﬁ&ng\%dreforwéﬁﬁl ¥ 984 toend %ﬁﬁéﬁ%Br gfto tohe off Rhi@theaters for

apor as said second outlet vapor. An evapor at or
heating rsdidnfyed ova@ratharedy; whdy erqmpsl"alrthelt abreprising af pympegdapted to

ed for c neI h nd nsed e
EBEbHE satTEEs, At HPrle i e {ReFlmP It Sy pyamon
pa%;m rwatér fobd &Vaap@d At RNGOHEHND Gréud; amy IQB@SOﬂ‘or Gollbeting the
3, wherein the parallel water feed inlet in each

dlgtﬂtﬁqlp’\’@ﬁr the effects conprises dispersion neans
2. adapt&q e{l%’ﬂ {1]%;[5109&8511 ,cg'téj Cﬁa%%dl bin'the ReR st Irfea.héj in each
W t

‘ef f ect's € group 30 as to allowits contact
effd&e chhipgises $ pludalityvalptubas ovithaotertdbe gpaes Chatbetdeen, the tubes

beimg @c@}pquotgf ﬁ;fggl?{glg'\,\é%}d:lrn}eh ?zﬁlg(?rt {arff{j éjo%?%ulng tLhe %egf water to cause heat
transfer therebetween, resulting in the vaporization of a part of the feed water in the
inter-tube spaces, to produce said first outlet vapor, leaving the remainder of the feed
water as a concentrate, and resulting in the condensation of a part of the inlet vapor in
the tubes, to produce said distilled water, leaving the remainder of the inlet vapor as said
second outlet vapor.

3. An evaporator according to Claim 2, wherein said tubes are further adapted for
channeling the condensed water and the second outlet vapor from one side of the effect
to the other.

4. An evaporator according to any one of Claims 1 to 3, wherein the parallel

water feed inlet in each group of the effects comprises dispersion means adapted to
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6. An evaporator according to any one of Clains 1 to

5, wherein the nunber of effects conprised in one
WQ@e@a933a0 i es. 7. An evaporator according to aPgT/ireeocf0302

Clains 1 to 6, wherein the total nunber of said

effects is nore than 20, in garticul ar nore than 25,

nore particularly 30. 8. Anl vaporator according to

Claims 1 to 7, wherein the evaporator conprises an NCG
intraghros sdid feedevater. injareach ap said etfects of thedironp scoasGioal low2itsorontact
W‘l%ﬁé %ﬁges of Clains 3 to 8, when dependent on Caim 2,

Fel’t he tubes are made of netals or netal al | oys.

5.10. Am @vppatortatordivgab dilfien 4,0mayinARE fRll Wat@ i98ntdoduBed into

9. wherein each group further conprises a concentrate
theciligepsefe merfen arthiny flafosmnmuni cati on with said punp.

11. t ' i) y o)
Gt ai o SRR B e F TR T 8w ATt qwper of
effedts eahphised imbneipwup earieend and a downstream end, and

the tubes are inclined so as tp cause said distjlled

7- wat e Vi ERTAIF ARECH TR0 Y PR (iR T & eriwhedeirihs jadal mumber
of 88 eftbct§ Rifor8fth8C10, BY pdrAE QS AbredhAY24 Ynord %arté%ﬂlarl 3%.
evapor at or accordi ng %I alm2 or any one 0 alme 3 to
8. 11 wherevappeiodeenording ¢ Glaame 1 tofiewbémint the evapoestorgoeprises an
e gal yani c insul ated using el astonmer grommets. 13.
N%\r’eer{l/%v E)}ré’é?'or according to claim2 or any one of

9. C ai m; 3vdporatet wherdiferendanh Dor Ghi dheof \WISHRT B hhg when
e shape is oval. 14. An evaporator accordi nﬁ1 to
plie

tub .
deggndeih op. Claim 2nwhereigrihe fubes greimadetaf mpetals seaetab plloxsnov al

of heav S 7 ter. .
1051 DAY BBLRou 0 R o S\ PR s o
furtheb eomhprises meodesnrateatraimngoling inefluid esinmabientiod HithAid pump.

evapqrator according to Caim1l, wherei.n each effect
116 onp AP aOE AFGED B Claist P10 o0 o4 CLeiBieh G wasehdogndent
on Uik, WhdreateachREFeeEds! 4 Ghea! Al SHAE ABGAGRIAHnd, and the
anodes i ncorporated therein.

tubes are inclined so as to cause said distilled water within the tubes to flow down to the

downstream end of said effect by force of gravity.

12. An evaporator according Claim 2 or any one of Claims 3 to 11 when dependent
on claim 2, wherein the tubes are have galvanic insulated using elastomer grommets.

13. An evaporator according to claim 2 or any one of Claims 3 to 12 when
dependent on Claim 2, wherein the tube shape is oval.

14. An evaporator according to Claim 1, further comprising ion traps used for
removal of heavy metals from the water.

15. An evaporator according to Claim 1, further comprising a titanium tube for
pre-de-aeration of the feed water.

16. An evaporator according to Claim 1, wherein each effect comprises a collector
constituting a submerged section of the effect, and sacrificial aluminum-magnesium

anodes incorporated therein.



