-1- MILTI - EFFECT EVAPORATCR FIELD OF THE | NVENTI ON Thi s invention
relates to distillation installations and nethods, in particular a
met hod using nulti-effect evaporators. BACKGROUND OF THE | NVENTI ON 5
Distillation of water is a process in which various soluble materials
such as salt, contam nants etc. are _e]]I_i m nated from water contai ning
these materials, |eaving clean, usually drinkable water. One known

met hod for achieving such distillation relies on water evaporation, mnuch
| i ke salt and scal e being accumul ated on the bottomof an electric
kettle after water has expPOTREFEECIEVAPORAPORSS during evaporation of
the 1o water, soluble materials that are not volatile remain in a solid
state residue, usually in the formof salt and scale, and are di sposed
of . The vapor can then be condensed back into a state of |iquid,

resulting{ ] ter. US3868308 to the Applicant discloses
a multipl JW@BMW&tem conprising a housing and a
plurality of ef (oW ! RAOET

effect having a p %ﬁg@%&%@}e@%%ﬂ?gﬁ% in?%g%@).ngzl}ﬁg syséthg’mlr} gérgﬁ‘lﬁ%tcglsuch

t hat hi gh mhethgbusigmeltistffeaevaporatntsr oduced into the tubes of the first
effect, while non-distilled water is sprayed against the outside of the
t ubes, causing the vapor in the tube to condense while evaporating a
part of tBAGKGROVND OFTHEINVENTHON enai nder of steam fromthe tubes
of the first effect, algng with the evaporated water outside the tubes 20
enters % he t ubd¥styfationef waiensanrocsshinsviigh waricus seluble ypatertals yeh agsalh nder

of the nOnsonflitlntd el 4Lk ok dtcP 2b Bflaratisls, deRMPLIBRed at

t he botto%og t eHe ect o\étsélhngn?n teﬁe 1?ormo a c%?lcesﬁtrat a%gl’i S
moved to bsudlyr dydabkgaiaters tOneHamovntmétted ddr achiewingduels distillatiom wlipsoent
upstream ef fect and.so on.and so farth, .Oace wate as conpleted.its
phssage  FHTGh2RP Ry s 8t seate Rpite ptilarcdsSny 8 BHom RE a0 ocess
yi el ds di sdlécricetetiatadier Satek has doaposdtede am tRidcprodess ldarify apapoaition dndle a

warm concentrate jn the formof a highly caoncentrated water sol ution of
sol ubl ¥ r¥3tes ﬁ%l}léle aRatetiads thakare aghyUsge remain gy stefe % N

the form of salt and scale, and are disposed of. The vapor can then be condensed back

into a state of liquid, resulting in contaminant free water.

US3868308 to the Applicant discloses a multiple effect evaporator system,
comprising a housing and a plurality of effects connected in a series to one another,
15 each effect having a plurality of bundles of tubes. The system is built such that high
temperature steam is introduced into the tubes of the first effect, while non-distilled
water is sprayed against the outside of the tubes, causing the vapor in the tube 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 evaporéted water outside the tubes
20 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
25  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.



According to the present invention there is provided a nulti-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 5 downstream groups, each group
having a nost upstreameffect and a nosf downstream effect and having a
common parallel water feed inlet adapted to supply all effects in said

group wit Iﬁ]ﬁ@ﬂ%ﬁ@’t "I‘If@ﬁ*ﬁf or further including a main feed water
line in fksw com‘r@fr"li cation \?\ﬁ?ﬁﬁt he nost upstream group; an array of
heat ers di sposegcaldaipdio Tﬁé'p?e%slaﬂtrlﬁve%ﬁgn %%éi%seﬁo{ri@éd hemttiRgresrtdvdpéBRe Wat er

before its entry into the éffects of the nost upstream group; each
ef fect corpdapted my diwilatien ahwater, comprising e ajralily obeHegteranaceed inj segies vapor

and produ f FAr r j

r emai nderqg%rfl%{)%{‘a& ngﬂog% &a%%@&%{slpgmg%lnc n%ﬁaétsglp ang t%mlégﬁégﬁgtégegg eﬁlért of
t he inl%et dommstreanogronps)each groushavidgedmesttupstreareeffecngnd & enostedmwmstteam of t he
first inlet,vapor, as a second outlet vapot; . each effect .copprising nmeans
for 1 or warSFHGREHET I & FOB0R SRRISTBRET o0 IR SAPSHdR IRy GUARGES dhm
ef fect, whaidegrblip With!fesdowaiet; thed Svaparatdr ittt inchlddig ¥ aR@d feedRéhtdFBRMBSn f OF
forwardi ng_sald second outlet vapor into one of said heaters for heating

sai d feed Wd epmmppisatignwitl fhemoft ypgiream Eowp; ar arpy PEheateradispaspd AlgB®t ed to
extract the: t HH% i Pt into
t he comn%iglcal?ia%f#glaa ttGdeg&?{é&et 0 d:%&g&a%{:g%? éq&%mﬁ%a@nggfrfoup; tg%d
means for mwodt upsteameroums eathseffdct emnmisingrheatXfanisier orvenseadapidd tereceivé an he

i nvention,. the heat.transfer aps.in each effect ¢ rises a plurality
of ¢ ubes. viFiehvamt 80 PR fim 2BF BRA lisE A e Pl terp AR MAGINE vt e
for recei vaimige febé watth @ a\caf@htrate,2dnd t6 6dridesdel aygart bitthé adet vapdreto greduwcause a
heat transftﬁltr‘3 t her epet ween, res Itigrg in the vaporization of a part of
the feed vstElediWptarnisaving the remamdereffae &irst dpjelyaparaea gerond PEHEVapRR | et
vapor, | eaupngetied BAGEarR ol REWARARH he MR Sl S/aorCRRS SN LAALG: and
resulting in the condensation of a part of the inlet vapor in ‘the tubes,
t o protfuc edommetrenns teffette dwhezg ébr will squgtituge tsaid fiestreinleti siaport anfl emeanls efor vapor
as the s . . i t. . ed. nel i ng
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ef fect to thérebygtehelr groufh furfher adrh@isingad pump adagtednb ektracs theaswhcagtratefropd t he
effects may c rise . 30 di spersi.on ans adapted to introduce said feed
it o each B SR P30 BRHHD (P TRE SomingE Diglsl gy KoL 0 ARG wi ¢
t he tUbeS-dom@tré’ﬁin?%;%dMsﬁ?célﬁbﬁ@iﬁ&ﬁﬁﬁl]éﬂx@at&he di spersion nmeans in

various forns, e.qg. infilmform and ten’geratures, al l ow n
20 In one embodiment of the invention, the

eat transfer means in each effect
comprises a plurality of tubes with inter-tube spaces therebetween, the tubes being
adapted for receiving the inlet vapor, and contacting the feed water to cause a heat
fransfer 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
25  water as a concentrate, and resulting in the condensation of a part of the inlet vapor in
the tubes, to produce the distilled water, leaving the remainder of the inlet vapor as the
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
30  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.



optim zation of the heat transfer and overall desalination process. -3
The nunber of effects conprised in one group may vary according to the
water feed rate, water tenperature and additional factors. The group
formation may hold up to 30 effects maintaining high efficiency factors.
The tube bundle may be of any materialjallow ng reasonabl e heat transfer
5 between the vapor inside the tube and water on the exterior of the

t ube, such as | um num erﬁ‘g{shef meet al s _or_net allg‘%/s.d.rlln e(vaeiron,

t he tubes may © th e ﬁ8‘nip9§)r4tlﬁlop‘§/gr&upt[? '8 O gaff‘?gﬁeé 4¢"t0 aid
t he condengetiawapater tunipstamure hed dddiismal factbisOThe goup formatibremayp heldivpeo end of
the effect_by force of, grayity., The tube shape is not restricted to a
circul ar &0&5@%@@@@@3 CigRFYdpCtfher shapes, for exanple oval . 10

Further nodifi caki GBS biRde BRay BE it iyt AGteANARRIWAAS rebRdbIA DededraRftt Zat i on
of the condenser tubes, addi'ng ion fraps, using various alloys for the
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by way of _hol:ﬁcémtaiﬂy o tiltediangn m}xglerpd;? aid]ﬁ;f,qonddnbed'ﬁbeftw_ith'mt_hambhfeto flow
acconpanyi rawi ngs, .in i ch: . s a ., schemmtic view of a
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groups; Fig. 2 _is_an enlarged view of group 20c wi th upstream and
downst Heam ef f dirther modifeations may) kecnade tgrtbripwaPoRler spoh ap galyvanization 9br at or

shown in Fj : [ 30 i ' used in
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OF EXEMPLARY EMBODI MENTS 25 Figs. 1 and 2 show a nulti-effect evaporator

system 10 ﬁﬁﬂﬁ“b@%&lﬁf@lﬁ}ﬁ%ﬁﬁgﬂmésed line 11 extendi ng above and
or

al ong t he evaporat romits downstream end 10b to its upstream end

10a, and wi th imhSrdeitd wiadstnd eRdinkdnion had a6 S@Ch §0mwh tha catrtd oipShr eam
end 10a of the evaporator. The evaporator 10 is adapted for the

di sti || at i BACticsf ongeqrelodisprné of Wae present dpvertinn Yill Rowideedesqribed b wey P{ usi ng
vapor  gnt efdneiihg EXR5PIE Oy, with FERlEhcY 3PRE alfthahyifE drbvings, in which:

Fig. 1 is a schematic view of a multi-effect evaporator according to one

embodiment of the present invention, showing only the first and last effects of each of
the groups;
Fig. 2 is an enlarged view of group 20c with upstream and downstream effects
20  ofthe adjacent groups 20b, 20d of the evaporator shown in Fig. 1; and
Fig. 3 is a schematic view of a feed heater used in the multi-effect evaporator

shown in Figs. 1 and 2.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

25 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

30 . main vapor feed line 12.



-4- The evaporator 10 conprises a housing 8 and four groups of effects
desi gnated as 20a to 20d, disposed therein, group 20a being the

upstream nost group and group 20d being the downstream nost group. The
evaporator 10 further conprises a condenser 13 adapted to condense vapor
remains fromthe distillation process,gya 5 distilled water nain line 16
adapted to collect distilled mater produced by the evaporator a product

14 adapt t t d
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feed line 11. Each hea further conprises a first outle shown
in Fig.5 3 dstilednwatey main dmey16 dAdaptad teoeallegp distilednveater orodinendr barfbbeat er s
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non- condensa e da remal ni ng-vapor,
communi catwater, wnd Hbrme NP lsmaﬂapwplon vmthdnawa&oxh ﬂn&vﬁﬁqra’raﬂdnnealeﬁaﬁamﬂe out | et

44 for wt dr er t refrom Eac ro f effects 2 20d
conpr 1 ses Aetpatpe ey oRicHy i oth guspri s IogHh B B JoUPST R Hellber s 40
connect ed dytemeries with the effects so that each effect 30 has onits

upstream si de an inlet chanber 40. The effects are denoted El to E20, the
20 nost0 upst r eaheayater desthliner Haispag vidad: Wity p phisality ef hesters 24 wdp haoingei ng

desi gnat e 3 20d
o oo t ey 98 1B Rhaprell €5 e Wbk e BRG0P0 Gf010 REBRH, 20A
respect i vethy wakadhthoffeddineelflf Ea¢hshapten 24 Sudier abmprisee afirstseslet2 T Ghorem

aral | el nlet 25, djvided i an 6 ch adapt ed
!too intr odu]t?tesegg thr 1°ij§1 qﬁf’frﬁge’?@ ﬁﬁ%"%f’%ﬁ@‘ PP gct S
30. Each groaugmd?00d wéspb@ivelspBed F655 ran®AiC QBﬁ-b@idénsibRI page (Noe) 23dand a

concentrate punp 21 conpected therewith both adapt ed to withdraw
concent’ at MR YaRer §t Huid communication wish an ARl ¥epepreaseovablingilT.g8dice the

concent rat@segbﬂ?f&ltﬁem M@%ﬁﬁdﬁ&&leéfv?a?er‘iﬁeréﬁ’&nwbsequem downst r eam gr oup.

Each effect 30 conprises at 1ts top a main water inlet 31 adapted to
receive 30 watFaachtgnOImeijﬂﬁthS Real td 28dncompristis spphlusiliby ofieediiests 39, and aapor

inlet 32| qutaafl%l chambers 40 connected in series with the effects so that each effect 30
has on its upstream side an inlet chamber 40. The effects are denoted E1 to E20, the

20 most upstream and downstream effects of each effects group 20 being designated as 30h
and 30t, respectively. Groups 20a, 20b, 20c and 20d hold within them effects E1 to E6,
E7to E11, E12 to E16, and E17 to E20 respectively.

Each of the effects groups 20 also comprises a common parallel water inlet 25
divided into dispersion means 26, each adapted to introduce feed-water in a thin film

25  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

30 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



upstream side of the effect; and a concentrate collector 33 at the bottom
of the effect in fluid comunication with the concentrate drainage |ine
23 of the effect's group. The vapor inlet 32 of the nost upstream effect
30h of the first group 20a is in fluid -5- conmunication with the main
vapor line 12, whilst the vapor inlet.82 of each of the other effects of
each group is adapted to receive vapor, via its preceding inlet chanbers
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the of fectct i bR vl B BEE A8 10 oAl e NARRILEL B2 RE el of 1\
coext endi nghercfidets o€ eachpbap i8 adaptdd tovedeivervapor; eidliaprevediag irdetodhambars Wi t h
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drai nage |jne 23.. nt {.on hove.. the inl et .chanber i,S. di spgsed
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upstream sfgesbistspe chanber. The chanmber is designed to allow vapor from
outlet 34 to flowinto the vapor inlet 32 of the effect 30 |ocated on
t he downst r eam Bacteffest further comprisesra. conprntretsaavibiiow ihe 37 mdichagonpeats thep a

vapor outl @otncél%raYei 9011‘@@0? §3 toP GachdRct ]36 @t the concentrate drainage line 23. The

concentrate pump 21 of each group 20 is connected to the downstream end of the

20  drainage line 23. .

As mentioned above, the inlet chamber 40 is disposed between each pair of two
adjacent effects 30, one effect being on the upstream side of the chamber and the other
being on the downstream side of the chamber. The chamber 40 is adapted to receive
water and vapor from first and second outlets 34 and 36 of the effect located on the

25  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

30 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.



outlet 36 is diverted to the vapor inlet 41 of the correspondi ng heater
24. The chanber 40 further conprises a droplet separator 38 | ocated at

t he vapor outlets 34,36 of each 30 effect and a distilled water coll ector
42 | ocated at the bottom of the chanber, adapted to receive the
distilled water fromthe first outlet_34 of the effect on the upstream
side of the chanber. Connected to each distilled water collector 42 is a

dlstllledvvatero f i ne | eadi ng, t,0 |st|Iedvvater |nI|ne
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group 20 or with one in chanber 20 of each group 20, as shown in the
drawi ngs. The n#hehewi¢re 24freayd eachne associated wathoonef greup R0 g With ane inlet

connected t,0 ef f first group 20a. The condenser
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p]lcm{)h15| i s’[3 n fhglg (30 tagr}é{f@@ar [}H%C‘l Lsrétraﬁgonc fﬁ{lé ate dral nag Ml ne 23

o] e |las
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downstream end of the system at about 25C, and passed al ong the feed
line 10 tArbthghbringpumpdbds in fuid communisation witlp the ponetntrpteydrainage linee3f eed

wat er unti L)fﬂh%la@%r%ﬁ%w&% gﬂ)(éqglt '1350 t he conmon parallel water inlet 25

and the diSpersio first group 20a. The heating of the
wat er i s such tadperdtioncfaeheatet h;antfrodwéd fomemntexBoinl eburtdrimto therfedd imeoup

20a at its_hi ghes t enper at whi ch may h, 82-85C. At t ) tlrre,
vapor at all SR Eeagw@c}%f © SRR aés'@wtggr%@%a%?é@h prg Brectied Bapo

inlet 32 ofy ttﬂx%ugﬁ 'tHeSBea%Jré 24! Thé hBaters M4Ogrh MGy AR 8RB Fratd urdti Gt isUbeS
35a of the first gr 20 The water fromthe feed line is sprayed

ou
downwarléls in@du@ddenwstgm coramen pamplledtwape inket 25 gndithe dispetsion mesan 26 26 thehi ch
spray it i hlnf f b 35a of
egchyof thgr Séﬁoug L% %Fgﬂ%eo Hs%}‘%fl QCh ltsre%%gn&]?hléStc;e?q?tagg oﬁh t he

wat er fil rrﬁwttgkoﬂpmatauh@mgaémen@efue@b mﬁcafm}efeaw 8T-85C. LAKRS sthdfifde,
between this filmand the vapor flow ng within the tubes 35a, resul ting
in partial venosdensempesrugfsli ghepe B85 (his introduced into the vapor inlet 32 of the

first effect, i.e. into the upstream ends of the tubes 35a of the first group 20a.

20 The water from the feed line is sprayed downwards from the main water inlet 25
using dispersion means 26 which spray it in thin film form, i.e. about 0.2-0.3 mm, onto
the tubes 35a of each of the effects 30 of the first group 20a. Upon the contact of the
water film with the tubes 35a, a heat transfer process takes place between this film and
the vapor ﬂowiné within the tubes 35a, resulting in partial condensation of the vapor in

25  the tubes 35 and partial evaporation of the feed water in the space 35b between the
tubes.

' The vapor that has éondensed 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

30  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



25 the tubes 35 and partial evaporation 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 chanber 40 |ocated at the
downstream end of the tubes, where it-drips down to the distilled water
30 collector 42. The distilled water flows down fromthe collector 42 of
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11. The f efdheveffest id favalded viauhe ekhnibith @0\ iRy vapor ilé 32pase thddipshednmeen
the tubes 3%5a _of the effect is forwarded via the chamber 40 to the vapor
inlet 32, cafdyof the tehss Bpe Qithenexh framgdiatelyoadiaeppieitssty The feed yeaterehat has
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namely the concCentrate, ps down to the concentrate collector 33 at
t he bot t orthobottoneothe effect 30, fram wihichithe oncersratafherendavit intof the wencgntmte i nt o

t he conceqﬂgjgcg%lmg5§iogﬁ%%gtggﬁpfzﬁFof the first group 20a. The concentrate

is then punped fromthe con ate drainage line 23 using a 10
concentr at e purifhe Zbnsengrateiip thehipumpe@ fiondt the tchrcentrarwifainspedinecd3 wetges i nl et

25 of the second group, 20D,, ere_the process is peated in this and

subseqlfentcoyrBEaE P chl Fﬁeplp?\gﬂP?S%ithP eeﬁ?fgmﬁléﬁ’%{%% ‘_f’?f%r ’F‘llertrs}ls ‘g‘ur%ﬁp 20a
and al |t RecsHdRI QR wiERWRSprédils fsQepdafld in tHiPdndtsiBselihdn® Fxo&Fgwﬂﬂ?@@
receives feed water fromthe main water feed line 11 while the other

groups r ecaily diffeeange hetneen the dirstt gieurs Hecandtallathe sphsagiend grourh @b to M, f eed
wat er 15 dl ot

evapor at oy Srsf BRRD 288 hedeffey Feod QUINT ol il Qbhch RN phild 6
evapor at orathéfgeoups eecelineafeed watkr Sloowthe icondentyate puinps Adlafhusg tHedfeed pateve f eed
wat er fhrou the inlet 11a and hot. vapor with t hroygh the .nlet 41
Bnd ol Pow g b Afocr BRHERare Sntitenn GHEE Rig,brosetr.op stocton ety st ed
feed wat erpelifpaiforGart feed TR Bhltiddfetivvap@hto20 the outlet 1lb and condensed
vapor, constituting distilled water, leaving the heater 24 through

outlet 44. The Khggerd heater 2 skowivin Hgntisrndanied to reeaivn foed ates typuahibe et 27
:/’V: ?h {\'ﬁeG hfet ;iﬁ’ggd HoP S agof - will I RCRY i BhgtH he Blet U8 ddd Liloifly HESMBUHRRL | ON
between the two. This process yields heated feed water leaving the heater 24 through
20 the outlet 11b and condensed vapor, constituting distilled water, leaving the heater 24
through outlet 44. The vapor that has not condensed is removed through outlet 27 via
NCG and vapor line 17. The outlet 44 may be in fluid communication with the distilled
water collector 42 of the inlet chamber 40 or with the distilled water main line 16.
The above described process produces distilled water and obtains the most
25  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 diainage 23d. At the downstream end of the
30 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. '



wat er collector 42 of the inlet chanber 40 or with the distilled water
main line 16. The above descri bed process produces distilled water and
obtains the nost 25 highly concentrated brine at its | owest tenperature
due to the forward feed flow, as opposed to backward feed fl ow where the
brine is produced at the highest tenpegature. Low tenperature brine

all ows preventing the danger of scale and corrosion of the installation.
The brine is re 1S4 : ' ' lLpe-1ine
15a connect ed tgﬁ%ﬁ%r{t%gpftg%ﬁacbéﬁ?%&é r‘gﬁlﬁg‘g@uz%@?aﬂﬁp?ﬁ“ o%nﬁsﬁkt?%am end
of the 30 modifiechantienbinced by eariovatmeant soch 4shien draps iforl ledvyvatetals, peé-de-l | ne

16 is introduced into a .condenser, 13 via th i pesline 13 re it
Gl 5 zed | BrEORA e VR OTOR gl Bl i moiiaB ] b rogs s SIEesro3t he
last gr preﬁﬁldmefél‘éﬂixﬁd%alfdoﬁd&ﬁéxﬁfm%l_gacriﬁbﬁl Bl -mpieRund 4nodel! P theO Ut
the distilled water uswlrg the pipe-line 14a. -8- The operation of the

above déscpFiresgsd seetionsgifeach effsph Juwthersore (yarieys thesfod akea mayoks ysed dotand

enhanced b etvlﬁgée%%h@a%&%o&m @éw&%!? i &a%%% B&RYOh, R?Fﬁais%m&

aeration o water 1n a titanium e, galvanic i1 nsulation of&tubes
from tube pffettefrivgch gous twirend grveriows minshred of affentpatogeiheymen de ubédcinal

al um num rra%e%i ug]d%ﬁ;\egeg eisglfs:[ he 5 subnerged section of each effect.

Fur t her mor & “XV/&r1 6us yeﬁlg "water may be used for the process, the
n??t comfmn of le]\l‘id)s@ kkilled ﬁlg;ﬁe mgﬁﬁhiclh th_jﬁiﬂdélftibﬁngertawfxivm?t?adilyrdpp{esiafbf ]
effects for each group and, and a yarious nunber of effects al{ogether
may be 10ise#hat Rumespysshangss, Yagptiongand godfications Gay ke made without denaghing iy t he
art to whi ghn{di ScobLYEME LRBntRET h@hRSmNahlisy eadi |y appreciate 10 that
nunmer ous changes, variations and nodifications can be nade w t hout
departing fromthe scope of the invention nutatis mutandis. -9- CLAI MS:
1. Amulti-effect evaporator adapted for distillation of water,
conprising a plurality of effects connected in a series manner and
arranged into groups including a nobst upstream group and subsequent
downst ream groups, each group having a nost 5 upstream effect and a nost
downstream ef fect and having a comon parallel water feed inlet adapted
to supply all effects in said group with feed water; the evaporator
further including a main feed water line in fluid comunication with the
nost upstream group;




an array of heaters disposed along said |ine and adapted for heating said
feed water before its entry into the effects of the nbst upstream group;
each effect conprising heat 10 transfer nmeans adapted to receive an inlet
vapor and produce fromthe feed water a first outlet vapor, |eaving the
remai nder of the feed water as a concesitrate, and to condense a part of
the inlet vapor to produce distilled water, |eaving the remainder of the
inlet vapor as a second outlet vapor; each effect further conprising
means for éﬁr ding the first outlet vapor into an adjacent downstream
effect, wh ‘Wl constitute said inlet 15 vapor, and nmeans for

f orwar di ng; sai d C | Of 1.1 .Nt;0- QN S ai e eating
said feed %/\'/ater ‘?ﬁf@‘?@%ﬁgﬁ%?@u%@m Ograéﬁ%?]?s&ng'g%}’p%%%g%&%?ed to
extract thpglustincefidffeatsecohticeradtihe sefitenhanepfand atrahggd antp gaoupspnetpding ai nt o

t he conmon arall el water feed of an adjacent downstream gr.oup; and
means for TG WETFRy SRR andisUbseaye ARARSHeAT GouS, AFheg AR hAYIOE AHBEYr di ng

to O ain Lypswbih efftot afi€a ARSI doWnBREHne EffdPe Aiihdvihg@Aomm& pLale] %amprdeges a
plurality of tubes with inter-tube spaces therebetween, the tubes being

adapt ed f oinlet edantsd tagurply @llicHes in 8gid group wathciged water:ribe evaporakadustearer to
cause heat:. 1sf.er: r t Hnlgiwf.nﬁg'.l{‘vrﬁﬁ' v b&fdind . a
part of the® g%@[%mlg%g?&?rﬁ?ﬁel%ﬁ?‘é{dﬁ%u e sptédc):es, ?glge?sgélhce saé}?jﬁﬁ’i rst
out | et vapar arrdyeeaf/ heaters Hisposedwmiangesaidoling hrel fdapted Abr hedting sail feed water
concentr at and resulting.n t condensation of a, part of the inlet
veapor i n BafarRitishly g i kells bF e PR R 2t Rl BREk Sl o
remai nger @insfdendaid flapiéd POfecéiSe siintet vafst @Rd pRidutetrom AROfeed Hatef A first
evaporator according to Claim?2, wherein said tubes are further adapted
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extract the concentrate from the effects of said group and pump it into the common

parallel water feed of an adjacent downstream group; and means for collecting the
distilled water.

20 2. An evaporator according to Claim 1, wherein the heat transfer means in each
effect comprises a plurality of tubes with inter-tube spaces therebetween, the tubes
being adapted for receiving said inlet vapor, and contacting the feed 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

25  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
seéond 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

30  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



effects conprised in one group varies. 7. An evaporator according to any
one of Clains 1 to 6, wherein the total nunber of said effects is nore
than 20, in particular nore than 25, nore particularly 30. 8. An
evaporator according to Clains 1 to 7, wherein the evaporator conprises
an 10 NCG renoval line. 9. An evapotgpor according to Claim2 or any one
of Clains 3 to 8 when dependent on Claim2, wherein the tubes are made
of metal s yQr,diEd Shid Rk4 W4fer inkDeacAb SHARMLA O the £ db BOto oW iYs Qfce |
Claims 1 to 9, erein each group further conprises a concentrate

dr ai nage Iwithgh¢ tubéd. ui d conmuni cation with said punp. 15 11. An evaporator
accordingC aim2 or_a 0 f I: to. nd claim
2, Wwherei r? ‘eac hAélf & it %ascggrrq&&&gt(ﬁbel%’?ﬁhg%an}ngle\ggeg{)\angltgflr%e%%&élﬁ%@ﬁgnd t he
t ubes ar e thedibpersich meana s 4 thircflasformai d di stilled water within the tubes
to flow down to the downstreamend of said.effect by force of grayity.
12. AnSev&por at 6P ERBFEN ?@O@H}ﬁm@ycﬂmaﬁﬁ%ﬂé 135 Sorhern e BmbEr Ghen
dependent ¢f2Qs BbnfrisRll M che IR Whils.t he tubes are have gal vanic insul ated
usi ng el astonmer grommets. 13. An evaporator according to claim2 or any

one of O & ns 3Anevamrathrarcordingdn denoneef Crigisrh tp 6, whetewi the tdtel nugher shape
is oval. . ' I I, j 1 ; rising ion
rape used! pid SrEASBlcRt B 36 30 bEBal o GRS, mol iy RT3 N0

evapor at or8. ac c oAgiengporaroiGcadonding, to Claitnk & to Tombptéis thegvapdratoacomprisesidye f or
pre- de- aem(iéon of . the feed water. 16. An evaporator according to Caim
1, whelfei Lmeyet conprises a collector constituting a subnerged
section ofg, t he ahf&&horafththcedinklioCCRim 3 Bfafy BnEBANERINH™ AN8IGEen
i ncorporated therein. 30

dependent on Claim 2, wherein the tubes are made of metals or metal alloys.

10. An evaporator according to any one of Claims 1 to 9, wherein each group
further comprises a concentrate drainage line in fluid communication with said pump.

15 11, An evaporator according Claim 2 or any one of Claims 3 to 10 when dependent
on claim 2, wherein each effect has an upstream end and a downstream end, and the
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

20 onclaim 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.

25 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.

30



