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WD 2008/ 045943 PCT/ US2007/ 080954 1 DESALI NATI ON
SYSTEM TECHNI CAL FI ELD OF THE | NVENTI ON Thi s

WO pws/dioan rel ates generally to desalinati on BgBEUSIM7/080954

and nore particularly, to a desalination system using

a cascading series of evaporgtors. 5 BACKGROUND OF THE

I NVENTION I n order to recover potable or desalinated

water fromsalt water, desalination systens have been

devi sed. Al t hough PEIALINATEONNGYISTEMs of designs

have been used, 10 evaporation systens using the

t hernmodynam c property of vapor pressure of water

NagBNDeADNEIRL.Oeby BEBEepNeENTIdhi S i s principally due

to the [elativelg,high purity of water produced by .

the vapofi zaEYBRthPRcesslatre Jarerdlinvdiveslassd iusgion

8y stedtNobedherirexehangal 4:haf takes Jp van rtggw“system

one end of the heat” exchanger,” puts it throug a

ephpressonsandintanchiek ohtevaperheatsexchanger on

the other side. This may be referred to as a

single-effect evaporator. The di sadvantage of a

BAORGRoOBNDEOr TREapRVBAOIONS that the pressure

difference Is very small 20 (e.g, a conpression ratio

of 1.68 AF¥AED5 Lo U§COTRESs PRUfdP I npresdesal knated water
I,C f et ond ! : r real |y .

Ty e R s Ty BlkecBosh dhagea

bythbegkyspem Wid ferigyg daypesport tdeoughs hheebbewdr used,

U RY OF_THE | NVENTI ON. I n cordance with
G T BB L0 58l STy SR e property of

vagbudesres phie aldd y wak e@vaparat opscomd hey Al iddtefced.
evaporators includes at | east a first
This is principally due to the relatively high purity of

water produced by the vaporization process. One system
involves the use of a single heat exchanger that takes
vapor from one end of the heat exchanger, puts it through
a compressor and than back into the heat exchanger on the
other side. This may be referred to as a single-effect
evaporator. The disadvantage of a single-effect
evaporator is that the pressure difference is very small
(e.g, a compression ratio of 1.03 or 1.05 to 1). Thus
the compressor is basically functioning as a blower and
not really a compressor. Furthermore, all distilled
water produced by the system had to go as vapor through
the blower.

SUMMARY OF THE INVENTION

In accordance with particular embodiments, a
desalination system includes a plurality of evaporators.
The plurality of evaporators includes at least a first

evaporator and a last evaporator. The plurality of
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WO 2008/ 045943 PCT/ US2007/ 080954 2 evaporators are

wa@ewanged i n cascadi ng fashi on such that a PCT/US2007/080954

concentration of salt in a brine solution increases as
the brine solution passes through the plurality of
evaporators fromthe first evaporator towards the | ast

5 evaporator. The desalination systemal so includes a
BVaParat9ref aheabrerEngAgdns cameadipat fefshdaeh such that a

| tao_at_|I on f.the pluralit
SR bR aor a8ty o 2, Bl ot eSSt o
sber cbriceupkedutdoat [peastesonelnfoudhe pHy algiyrafity of
evaporators. f10 Dependi ng on the specific features

FYBPEReNED, M { PBAI art EHboBVRBAESCRF (tRvadsehbe last

Eﬂ&?ﬂkb@ﬂrﬂay T Rids S0t it e sk el | 2850t PEhc1udes a
following technical advantages. Various enpodi nents
RajirBeitHpalsife dieatpr oekdhaggansi nproved desalitnabifon each

om.s I r. hracki sh water. Th .
B aEPERL e oTho R HEA el §2o8F g5%8Y BheRieang g uratity of
Beapoeathangpreces Theosysalen watser ihatuidesf fd iy Ysource
uses varging vagor pressures_in order to efficiently
Refhy -

GPPPLgE AShoPRet REt the PLECRAEBY AR e¥gyRPEAFOTS.
Accor gbpgh¥ingi sbh! | %glewats%’ecjisfirce%&g%stzg ﬁ]ir[gl%@@ented,

whi ch may reduce the anount of work nee nmove
PREtdFsLRK| edmratiémenaddi pifondhley, poestaitn enbeditnent s may

. RE OV a adi ng-type desalinati system t hat,
fggxrlgﬁgti%%fey’ %%é)%pen%]?véa}i{io %gns euc%oggowgﬁa aeq%lcal
rdivahabfges?5 Qdigodsechancadingvest agay WMibd beapable of
readil.y apparent to one skilled in the art fromthe

PEPYORHE PRgurdovefbsdespt ivnt iamdPEParhE. fom seawater
390§&%é§gé%.E&EEQSZOOEAQSQQQéloéed embodiments describe a

cascaded-type evaporation process for salt water that
efficiently uses varying vapor pressures in order to
efficiently utilize energy or work that is put into the
system. Accordingly, distilled water 1is removed in
stages which may reduce the amount of work needed to
remove the distilled water.

Additionally, certain embodiments may provide a
cascading-type desalination system that is relatively
inexpensive to construct as well as to maintain.

Other technical advantages will be readily apparent
to one skilled in the art from the following figures,

description, and claims.
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BRI EF DESCRI PTI ON OF THE DRAW NGS A nore conpl ete
under st andi ng of particular enbodi nents may be

wappanersd from the detail ed description takenP@ruUsS2007/080954

conjunction with the acconpanying drawings in 5

which: FIGURE 1 is a schematiyc di agram of a

desal i nation systemusing a S|ngle vapor source, in

accordance MAth partlcular enbodi ments; FIGURE 2 is a

ECHILE b iHEt BBAWINGSdesal i nat i on system

usi ngaa s e v rc rdance
partlculabgg%bod?ﬁg 139@ Eiﬁé?@ éggglgghena parthUlar
dmhgdamentsamdysbblm@pam@ntsysﬁﬁﬁnuhﬁrqpﬁaﬂlddﬂdbeﬁﬁxﬁtlon
? prces, in accordance wth gartlcular enbodi nent s; ,
sKEPGURE 4°oPdURCELRBafitd dFaGr ARSI RATDMG drawings in

@gesahi.nati on systemusing nultiple vapor sources, in
accordance with particul ar enbodi mnents; FIGJRE 5A is a

si de BIEVBE| dnakscrossckenatbpadivigewn off ose desalination

FReC koo o & SMBPE e ? Thelibe . 51 dorerdare e

paont calleavabtmbadimghew; of one enbodi ment of a

propeller that may be used with the conpressor of

FI GUREISEREF| GURELBC i% aSFFl@HPtéFevaC%Jracﬁraﬁm vi 8y ofanother

gee 12Ra€RBAdI 8p0tenf &gy e&' famghat pay,-be used -
R e T bace® s E G oA e Eowe difite,  in

seﬁeﬁdencedwaghapaetlanbaheembdesmenhat|on system

usi ng ple jet ejectors as vapor sources,

accorggﬁgEEMAth£%ar |%E?%Wa%n%o rrente: Eléii%?%ﬂq%§lon

eyscbﬁmmgxhghm@lemppé aapbhersoudesa i nahi aacdyahale with
using multiple jet ejectors as vapor sources, in
ReEbraanes ﬁP?ﬁdbﬁ?P gal ar enbodi nent s;

FIGURE 4 is a schematic diagram of another

desalination system wusing multiple vapor sources, in
accordance with particular embodiments;

FIGURE 5A is a side elevational cross-sectional view
of one embodiment of a compressor that may be used with
the embodiments of FIGURES 1 through 4;

FIGURE 5B 1is a front elevational view of one
embodiment of a propeller that may be used with the
compressor of FIGURE 5A;

FIGURE 5C 1is a front elevational view of one
embodiment of a ducted fan that may be used with the
compressor of FIGURE 5A4;

FIGURE 6 is a schematic diagram of another
desalination system using multiple jet ejectors as vapor
sources, in accordance with particular embodiments;

FIGURE 7 is a schematic diagram of another
desalination system using multiple jet ejectors as vapor

sources, in accordance with particular embodiments;
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WD 2008/ 045943 PCT/ US2007/ 080954 4 FIGURE 8 is a
schemati ¢ di agram of another desalination system

waiging4ind ti ple jet ejectors as vapor sour cesPCT/IS2007/080954

accordance with particul ar enbodinments; FIGJURE 9A is a
side el evational cross-sectignal view 5 of one

enbodi nent of a jet ejector that may be used with the
enbodi ments of FIGURES 6 through 8; FIGURE 9B is a

si de EFEVBE| orfal @éPoss seethemarivi ewliagramot hér another

SEREEATEEA R sk, Sy o 0 BBt B Tocor

sbdecekevahi anabraanss- sechi paat iyl Bt 6HbAAOHEEES ;
enbodi nent _of a . jet ejector that may be used wth the

embodf AEHRE 8f EFGARESSE tHHoddH 98 IFIqIRE o9 Gtsiopal view

HEOBLeCEABRUIRRIONA &1 AU al P0Gr b1 NEnal 9820 HE! ]
9C; 1% FI GURE 10A is a pl an cfoss-sect?onaﬁ9vfgmﬁ%¥ﬁgﬁuth
ehapenbedineinnsacfoFd@UBES Wh t bhpanshcdlt ar enbodi nent s;

Fl GU EFi a.si de elevat,ion,cross-sectional view.of .
an esgﬁéga o?? iR 5C53F%hﬁ%§Wﬁ%ﬁ?q? tqﬁﬁﬁ%ﬁseCtlonal view
efbadiorerls ,endbdMdIRE df &S jatf rocieVehd®Nmay be used
cross-sectional view of an evaporator, in accordance

With paft PREPE!meBRBoBF nERFYRERI GUREr 298 &) a
per sppekhxe @beﬁ%og.Eﬂ%ec%§§ﬁﬁ§6¥%na'“£ﬂ6§%£§%%%#§ﬁél view

used within an evaporator, 1 n accordance
par snotther evodlimatts;ofl GUREt12Bd-cr frivmt may be used

51 EET EoRE TR B e Re S PLRD TY o RGO bE | onbl vi ew
of a heatreeyohasgar tploate dridvals -Fey: thendsed it oA 1ine
85tgganéUgEe9c§o of the cassettes of FI GURE 12A;

FIGURE 10A 1is a plan cross-sectional view of an
evaporator, in accordance with particular embodiments;

FIGURE 10B is a side elevation cross-sectional view
of an evaporator, in accordance with  particular
embodiments;

FIGURE 11 is a front elevation cross-sectional view
of an evaporator, in accordance with  particular
embodiments;

FIGURE 12A is a perspective view of the cassettes
and jet ejectors used within an evaporator, in accordance
with particular embodiments;

FIGURE 12B 1is a front elevational cross-sectional
view of the jet ejectors of FIGURE 12A;

FIGURE 13A is a front elevational view of a heat
exchanger plate that may be used to form a portion of one
of the cassettes of FIGURE 12A;

FIGURE 13B is a front elevational view of the heat
exchanger plate of FIGURE 13A with the edges bent along
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FIGURE 13B is a front el evational view of the heat
exchanger plate of FIGURE 13A with the edges bent

W@L@ag43M3 2008/ 045943 PCT/ US2007/ 080954 5 t hePdDUSm™A7/080954

lines of the heat exchanger plate shown in FlGURE

13A; FIGURE 13C is a side el gvational cross-sectiona
view of the heat exchanger plate of FIGURE 13B; 5

FIGURE 13D is a side el evational cross-sectional view
Bhet Kotiest éxehangr phat dast FRRURENGSB; fHlaBsREshawn in
kFS$a Rgrggg el evational view of a another heat

exchanger plate that nmay be used to forma portion of

one OFIGUREcak3@t tiess of EBLGEREI&MAtildndl CRLCARdE inal
front Ieva&bonal Vi ew of thﬁ%heat exchanger pl ate of

Et 8RRt 142 WiERt tﬁ}édéaa%%rbB L&l %FlgFI%WéEd%%]?ed li nes
of therheat eﬁﬁﬁaﬂgﬁrap|§E§esh@M@véﬁloﬁgflﬁgiéég&s§ﬁ§1onal

FIGURE 14C is a side el evati onal cross-sectiona
view of the hethl expbengef FIEURFCIAABIGEREBUREBI4D is a

S}de Freuak oAl s&aesesanl gg%',?tsl%ﬁ%%\gf ibhe LRl ot her

heaspesthuageirewlaft & tlsatsslaayebassgﬁai Ytoi Borm a portion
accordance with gart cular 20 enbodi nents; FlI GURE 15B
PE AnpaPti BRCehfargebSPpePSpBLEYRE Y#2W of FI GURE 15A

show pgctRe taks {dhal 2rentordRd Q0N JdRe edO8s: of the heat
FIGQURES 15C is a enlarged partial side elevationa

ekehengeF| GIRECIZN PECTREUREALIGAUNs thpaedpas bent along
BELSRESIIAP, ROl ATOhehe R2SRELL 038 M te oy in
BRIEEREI akaenl ar ged perspect|ve vi ew of

FIGURE 14C 1is a side elevational cross-sectional
view of the metal sheet of FIGURE 14B;

FIGURE 14D is a side elevational cross-sectional
view of the metal sheet of FIGURE 14B;

FIGURE 15A is a partial perspective view of a
cassette assembly, in accordance with particular
embodiments;

FIGURE 15B 1is a partial enlarged perspective view of
FIGURE 15A showing the tabs that are formed on the edges;

FIGURES 15C 1is a enlarged partial side elevational
view of FIGURE 15A4;

FIGURE 16A 1is a partial perspective view of another
cassette assembly, in accordance with particular
embodiments;

FIGURE 16B is a partial enlarged perspective view of
FIGURE 16A showing the edges;

FIGURES 16C is an enlarged partial side elevational
view of FIGURE 16A4;
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FI GURE 16A showi ng the edges; 30 FIGURES 16C is an
enl arged partial side elevational view of Fl GURE 16A;

wWODR0EBADA45943 PCT/ US2007/ 080954 6 FI GURE 17BCT/BSZHNT/080954

enl arged partial plan view of two heat exchanger

plates that are assenbled together shown wth dinples
having flat surfaces; FIGURE 17B is an enl arged

partial plan view of two 5 heat exchanger plates that

are af3eHBEed 7Pogied her shdwrgedi teutdmlesslansviaw of two

L LY S T -

wave Heéeplpei hadihggéther sushogsa wel ded joint; 10
FIGURE_18B is a partial plan view of two heat
exchaRgEPREI dt'Es thath&vdaBeeR Ribtddh et el iy o two

ﬁea@r%ﬁﬁﬁﬂﬂgéﬂ;pfi@yBEtﬁggié%é‘QQ@&&Bie@!@BgéEﬁ@ﬂﬁshown

two heat exchanger plates that have been joi
vaght Heprgspagna inssevenmplcbanphe FBuUREe48D is a

part | arcBhan Whew of £ ug heatc exchander plates;thate o

have been joine 0g€t her ,

hhetei axthengdgespdtdde dieal excbanpeén Piaiesd aregether
raised so the crinp clanp is securely held in 20
BFaBg; aFrelRed18E11Eia partial plan view of two heat

exchapgefirpl ai gs that Jhave . heen | ghaﬁd WF@ heg Ug«iﬂé‘g heat

a rivet or screw, FIGQURE 18F 1s partial plan view
ekchapghratrla2ssextimingbavel dees tjwindthveopeenefousedg a
%gg%g erogskng an extended tab that is integrally
ormed on theé edge of one heat exchanger plate;
FIGURE 18C 1is a partial plan view of two heat

exchanger plates that have been joined together using a
crimp clamp;

FIGURE 18D is a partial plan view of two heat
exchanger plates that have been joined together using a
crimp clamp, wherein the edges of the heat exchanger
plates are raised so the crimp clamp is securely held in
place;

FIGURE 18E 1is a partial plan view of two heat
exchanger plates that have been joined together using a
rivet or screw;

FIGURE 18F 1is a partial plan view of two heat
exchanger plates that have been joined together using an
extended tab that is integrally formed on the edge of one
heat exchanger plate;

FIGURE 19 1is a schematic diagram of a desalination
system using an ion exchange system, in accordance with

particular embodiments;
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FIGURE 19 is a schematic diagram of a desalination
system usi ng an i on exchange system in accordance

WORER/049@ parti cul ar enbodi nents; WD 2008/ 0459BGI/US2007/080954

PCT/ US2007/ 080954 7 FIGURE 20 is a schematic diagram

of a desalination system usijng an abrasive naterial,

in accordance with particul ar enbodi nents; FlI GURE 21

is a schematic diagramof a desalination 5 system

usi ngFaRURBr &4 vis nmat exdhgimadrid adpreedpi ot @ desalination

I h I nbod
EOhSHp e s 25501 SR0EE vt e ol o0, TR LSS e

pystemuilarwbkmbbdtihenvapor | eaving the final evaporator
is condensed and di scharged,, i n_accordance with

parti EGFHRE ¥3 ehbodi mshteda tHCGUREBE PR sOF Schigalination
di;ageam abiagot har adesatipath9p.systemis M" g%lfé@%)ltate

vapor leaving the final evaporator is condens
BRselardedini pcgordpdancwitiv phrpartileul ambodiments;

enbodi Fl GJRE, 24 .a schematic gram
desal F%t |hon 2]Zgys em uscl%lnegﬂr1 A b%?r%%u?ge %%@%&Wmn

theteapan M&awhnghetW&ﬁbﬂﬁﬁeaﬂ&ﬁyﬂﬁﬁéﬂf1ﬁhIXE¥E§E¥3£or is
and di scharged, in accordance with particular .
ERPEERFEAL ?ndanélﬁF@PEeés 14! P CEPERRRTR Hilhdr amtieular
depablipahi@n 20 systemin which the vapor |eaving the
initial evaporator is condensed and di scharged, in

accor HaRUBEW tF¥ paﬁti@Mz§0hﬁmﬂnﬁm@nd$agaad FoEURRRB-her

TR U O ARY Y T A

1 on

teapetatuie agd dhelavei@l larenpesahdi-ged f f ehenceordance
bet ween the condensi ng steam and boiling water.
PEFRI PEBTBPESERF PFPERIBESBEVERAL EMBODI MENTS

FIGURE 24 1is a schematic diagram of a desalination
system using two vapor sources in which the vapor leaving
the final evaporator i1is condensed and discharged, in
accordance with particular embodimentsg; and

FIGURE 25 is a schematic diagram of a desalination
system in which the vapor leaving the initial evaporator
is condensed and discharged, in accordance with
particular embodiments; and

FIGURE 26 1s a graph showing the overall heat
transfer coefficient as a function of condensing-side
temperature and the overall temperature difference

between the condensing steam and boiling water.

DETATLED DESCRIPTION OF SEVERAL EMBODIMENTS

Referring now to the drawings, FIGURE 1 is a
schematic diagram of a desalination system using a single
vapor source, 1in accordance with particular embodiments.

The desalination system 10 1is adapted to accept salt
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Referring now to the drawings, FIGURE 1 is a 30
schemati ¢ di agram of a desalination systemusing a

W@ R00g0&s943apor source, in accordance w th partPCUUS2007/080954

enbodi nents. The desalination system 10 is adapted to
accept salt WO 2008/ 045943 PET/ US2007/080954 8 water

at a degassed feed input 12, distill at |east a

portion of distilled water fromthe salt water, and
PREGFdétdi 8t ida%eF amst efeed dinpuit! | B2, watistiddt it Lemet a

GaroR0f cORCERLAIOer G AL FIBRELRE! e Rt e ing ana

utput line 5 e water desalinati'on S
peveldt datedlledapatatons 2Qstievedalwateat wxghangars 14
that are coupled in between each of the water

22 - .
BU9p6PREEPS TG a1 @nprereert satefabrigecouspag line

16.eachhoOf whper wakgh1iB%aRBHAIR St 40 1 JNB2 SORRLLISQT water
24 is coupled to each of 10 the water evaporators 20

PHaRotasesdi ng0f asheveralichhedat excledngercesesst veehat  are
vapor 0 has a relative | ower _operati_ng
%?ééieg %B 5%%§Ee% aéh % Eh?hwa£§r Fyggﬁg Pg? 2%, and

sure an nmperature an e PS

avapm@atays20. 2hn tHES dBNNEsupWed etoTB¥acRe of the water
%ogr essi vel éﬁr enoved or evaporated fromthe salt 15
£

PTAFREScGAdensiffg SARURTIPY het upSt FeERLfEt Ep cach of

EMaPQRRALYr e38pe2HEBSsMRhe 15! §aMLR Ay AfsrfilaML e that
salt water. Ilzhl s steam cascades to t hé next

davhst seapeaaiee wWAEIOr &verc2@ twirer €0i t hgsndensesiagndrely

rizes more 20 water. Thus s the steam progresses
;(?g(rgnrevé%oerra D0 T HAT Us Léa\lﬁpor%?“g?eli‘%%\m%ts EESR® tne

tpspeeanunatdeceapesatd @ . t hensghisWak8her, water may
rogresses from evaporator 20a towards evaporator 20d

fie REPITROHFEERLY atitiPViGtr €Fse§VaPRERERE nEF9M tHee salt
higher tenperature steamis used to 25 vaporize the

nore concentrated salt water whereas the |ess

concefiheat edor@ns g er steamponnzedtiet h gootsram  water

evaporator 20 causes more steam to boil off from the salt
water. This steam cascades to the next downstream water
evaporator 20 where it condenses and vaporizes more
water. Thus, as the steam progresses from evaporator 204
towards evaporator 20a its temperature decreases and as
the salt water progresses from evaporator 20a towards
evaporator 20d the salt concentration increases.
Accordingly, the higher temperature steam is wused to
vaporize the more concentrated salt water whereas the
less concentrated salt water 1is vaporized with cooler
steam. This takes advantage of the relative ease (and
correspondingly less work) of extracting water from less
concentrated salt water. The temperature difference
between the evaporators can be as small as a fraction of

a degree. In some embodiments the temperature difference
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steam This takes advantage of the relative ease (and
correspondingly | ess work) of extracting water from

wo ems/o49ahcentrated salt water. The tenperat urBCT/US2007/080954

di fference 30 between the evaporators can be as snall

as a fraction of a degree. Ln sonme enbodi nents the
tenperature difference WO 2008/ 045943

PCT/ US2007/ 080954 9 between water evaporators 20 is
Betvieen ofrtand Saporfdgiides 2Pahiénhbetveds stioon,and six

d r is introduced into the degassed
epsaresRtl eIy ) :

I nput and into a countercurrent 5 heat
exchahgesh@ent hdeghasedonathnt wated hei detandudiest iiHted the

ter flowing in_the qgpposite directjon. Heat
éﬁ%%‘ﬁ%ﬁ%@r W%%r‘Fayf%%‘Ep l%%uﬁr eheafthe Hiq ng SQuRtsgirurrent
hehereekbhafbers evapaaiior K. JBR-degas6ed SBkline ang
water enters a first water evaporator 20a where a

PoFEL bhedf vaberhd lpatiag igporie esppahitte edirachgosal t Heat
[ [ 0 a.hig t ncentration .
%%%ﬁé??&@wa? St Sh%af?; ngéjasis:gd gélaé%é, tl‘“;lge pUtgdlf Selution
bafoughia eotuater eunpemhtbeaboaexcltargelegddacdnts@ lttheater
second wat er evaporator 20b where additional water is

TAPOT T zEd. TARL c8BREEr ARSI HEat 248 #REk&nger PoPRion of

feL Peaterhedbosalbswat efmdefare A ingntgis wWREE! which is
evaporator 20b, which is at a higher tenperature an

pees &l ea t hdwheat evavapongeokrafaonTHilmmpr btes@s sat  the

i ired,.ln FI GURE 1
AEPERLEs, 2R Y oy S B BsHar e ena 2 S e gt heat
Qchange202ghovmtchaey edgcaly WMHLr e0hp¥REEOr 20b where

evaporators 20 may, be used. By using four
%@%g%?%]?%}s,wa&erf out ¥fBgEsZefor EMehCpBBRETERTEERAMheat

ERERPAYELA 2bRt dNRILr §VARQE alan +2Q6k + S0Ube POHOAS  Ofunters
liquid (the distilled water 14) product rmay be
Yeher atey@dPoraior thebi nivhiigh erergy is heégheredeperature

égg;ﬁigggﬁr%ot%g%tdg%%gnggaﬁgré%gpgﬂigrio@hgg %Q%Eess is
repeated as many times as desired. In FIGURE 1, a total
of four water evaporators 20a, 20b, 20c, and 204 are
shown; however, any number of water evaporators 20 may be
used. By using four evaporators, or four stages, for
each pound of steam introduced into water evaporator 20d
four pounds of liquid (the distilled water 14) product
may be generated. Thus, the initial energy is recycled
four times so that the heat of condensation of that steam
coming 1in 1is supplied to each of the four water
evaporators 20. Another advantage of the four stages is
that only a fourth of the vapor used by water evaporators
20 actually goes through the compressor 24. Thus the
compressor 24 can be one-fourth the size of a compressor

needed for a single-stage desalination system.
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coming in is supplied to each of the four water
evaporators 20. Anot her advantage of the four stages

w0 20080¥%83 only a fourth of the vapor used by wWedEDS2007/080954

evaporators 20 actually goes through the conpressor
24. Thus the 30 conpressor 24,can be one-fourth the
size of a conpressor needed ?or a single-stage
desal i nati on system WD 2008/045943 PCT/ US2007/ 080954
10 Safliatetearapopreetzéd ofirohe the sfihent herthangsranger

e t [ nl the c ressor_24. |f
gg%irg ?ég oE?%%d fﬁ%%?dq%%tgg cgﬁgbecgﬂaﬁﬁsf8rth%4' 1t
denpredsoratahezed8 1ogkeep waeeconpiesses 243! .to the
This 5 ma heI% to prevent the vapor from

¥n@?l E

Superhgar Ecafis&© EREPCEMSr 698 epsors 24 cool.  This
RRYPHESHI RE 2gRiAsk eaeh R dkhe qu rsu;%ftr"i‘%%grig%e.wasBecause

conpression ratio is much higher than
bhtycampirageersfage s( compeask iagdiaednalt skaje dfhehe four

c r ion ratio_is.multiplied hy. the .
%g%ﬁ%%sgggng§§p?§FﬁéopoFa§ﬁgtlgdﬁiCﬁoﬁéﬁh§ﬁa§@9p'ﬁf there
waadidrilgnak sderRjllessegen (fot ypheal |sasipashent w8 the
conpressi ng at . higher conpression ratios. This may .
Febair EOMPrEssRergy 2 %ie bk piiel F P bledheb¥y Shemaampression
fea@&sorr%otrhe sper hgahied: oxapor Jihapwoul d Qe ftgﬁagﬁdcional

or non-superheated vapor. 15 This s based on
AoTPBHASEAat WiHd hoypérathe gaperheathevltomprespoestheg at

r ner that. i s _needed ta_conpress_it. Thus, in
B Ee PSP ERESd P ReACE Pat heF thaNSY of EFHY™St AB™FapBIeTaY
supaydheptit liryo dehe spreed tot @ddi@onONPhes Hfpdrheated
keep it on the saturation curve and avoid 20
¥BBEF hddtdthg WOrHE | PRuinpatichy €8T nion t FlePebapr ead ovapor .

TRYs 08 S@ldey@LAr e Ui efhyat ehodepanding 00 gas in
operational needs, desires, or preferences. As nay Be

Bpparemprbgsornthedumorrg enatrgy ithtw tise neerjecdessorccvbress
gg gF ti‘% Htg:?e \j,gﬁ%fa%{tﬁg?ﬁa\éa%?n%loéel'metnlglés,’ cv:rra% telrn%han letting
the wvapor  superheat, ligquid 1is sprayed into the
compressor to keep it on the saturation curve and avoid
superheating. The liquid sprayed into the compressor may
be salt water or distilled water depending on operational
needs, desires, or preferences. As may be apparent by
introducing water into the compressor 24, some of the
water may vaporize, thus creating additional vapor that
may be condensed. Because, in the illustrated
embodiment, it is salty water that is being fed to the
compressor 24 not only does the water help keep the
compressor 24 cool, but it also desalinates some galt
water at the same time. Thus, as may be apparent the

compressor 24 may not only be able to handle vapor but

also liquid. For example, 1in particular embodiments a
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25 may be condensed. Because, in the illustrated
enbodinent, it is salty water that is being fed to the

W@ oupnewsdr 24 not only does the water hel p keR@I/Ukmo07/080954

conpressor 24 cool, but it also desalinates sone salt

water at the same tinme. Thus;;as may be apparent the

30 conpressor 24 may not only be able to handl e vapor

but also liquid. For exanple, in particular

gRBBEPHE MY AT R008r 6458083 PEHWS2607A£B80954 Cdrfporation

%g?oggrugggpressor avai | abl e from St ar Rot or _
poration’ may be used. |If excess liquid water is

addedIfo exeszonpigesar watér the excess tmythe resmpwetsor

into knock-out drum 30. 5 A portion of the degassed

féed *18 MEFHSIBe PEd HEACY Sthe Mt ck - BBPCHr aHF3girum 30.

AhigprauRR Yo ©f thé Quied R dber e di ot QaSPrAYd NEe f§8 into
conpressor 24. Whil e the depicted knock-out drum
tBeshkbeakwbuh gabm WAt er Thills etiperl ve fodiieeritds mayhde used

ooyt SR B et Wi S gl do.

arbadiztents thewat on tZedsuat efvaRy ,beisabthwet &mbABiment s
wat er evaporates in the conpressor 24, the salt

EBRcENPFRIPBh FREPeR3BsPe Al pbtefofiibhr dhskilled water.
concent ¢ated : salledTUsicbe RULOGS fLAP thesyst emapd 1,

is recovered as 15 concentratéed product omthe
epAcenbpdivanby i hbeoatput zefi mete®. migwbdegadsedaftead As

ks, ciabdaame 18 |, goganegnitated ool Lol .

I'S purge romthe knock-ou nct

tbrcknoekt duh dhigtred@edny ke portkegpothensal tabniirirated
that is sprayed into the conpressor 20 24 from
8At Br MHE twRCe PUERESShriatdh Yol SWEheRheaPdpsf tgevered as

cendensi-age b heiRidhc tH BRI @S3Ur & VAR £ iBQihQ?output
conpressor 24°is fed to the evaporator 20d operating

dinehéohi ghdey pegssged. feed 32 is added to make up for

the concentrated salt that is purged from the knock-out
drum 30. One function of the knock-out drum 30 may be to
keep the salty water that is sprayed into the compressor
24 from entering water evaporator 20d with the vapor that
is condensing therein.

High-pressure vapor exiting the compressor 24 is fed
to the evaporator 204 operating at the highest pressure.
This vapor being supplied to the evaporator 204 may be of
a higher temperature than the vapor supplied to
evaporator 20c. As these vapors condense, they cause
water to evaporate from the salt water. These vapors,
which are at a lower temperature than the vapors that fed
the evaporator 20d4d, are passed to the next water
evaporator 20c, which is operated at a lower pressure,
where they condense. This process is repeated for all of

the other evaporators 20b and 20a configured in the



10

15

20

25

30

Thi s vapor being supplied to the evaporator 20d may be
of 25 a higher tenperature than the vapor supplied to

weraposxsdr 20c. As these vapors condense, thepCTHSZET7/080954

water to evaporate fromthe salt water. These vapors,
which are at a lower tenperafyre than the vapors that

fed the evaporator 20d, are passed to the next water

30 evaporator 20c, whi ch is operated at a | ower

pyessur e, Whiter eth%e‘ya}é@ﬁ%le%@erérms prueedyans evaporator

e e L T

syspem t NI Idkgatnsempdfre&cgener abLppimege fsanm water that

eva 3 20d t vvards evapor at or 20a, progressively
888 th AT FQB‘ ?‘ﬁ%P‘g’é@%%’ée&OPeeEIOY?r%ppﬁ‘faé%Ofator

sght waketnkhabit0eRekd! b iRy Sl QUARRIAr 2QR1, the
towards evaporator 5 20d. As the salt wateér noves
sawar dsoavapbratapn20draghellyal incyeesesr akison the water

I h t.h
Siapunbies e conpepas A1° MLSL SURSLEEEpallS Ntves

éehpbrueby czmi:,enitah%d f@ﬁa@iv@lyrebabbmeh:mtbdgfmd at a
enperature. This hot concentrated fluid 10 then

55%%@%"? hY ot Bt GEMREZELEXEhandérls FPptarPrEEierded fluid
Qﬁbﬂgp%égég|%%f%%§ﬂﬁ%ﬂgﬂggg%r§£@ga %@9@0521gngkiétbefore

passes through thé heat exchangers 2
benpnegntaxateeld g3F odacttliss cgntedtd@wﬁd Tedwedt ihat i8s it

renmpved om t ncentrat ed oduct is_used_ to
Pﬁgﬁggseg%gof‘lﬁe t%?1 erg1 ur%e f(pglﬁg%glst t e hat*G's tPe
esheehbgatba prespett i ve wabeedevwpal at ormhe2theat that is
Dependi ng on the needs of the operator of

ir

HESSPPAaE FoR §P§t ERNESDLEPLREr PEREUCEoRSenSest &¢ increase
PhEdUEnpkl ANHDoF NerEl Hd1E ClavBlClnld MY eBfering the

col | ect for | ater use. Any noncon s (e.g-,
abspectgasew)atehratemce:atqma HRQ he Degasdedgf eed tiheputeeds
lln%ﬂ%? g%%&a% purPe%eséilnatlon system 10, either the
concentrated product 16 and/or the distilled water 14 may
be collected for later use.

Any noncondensibles (e.g., air or gases) that enter
with the degassed feed input line 12 must be purged from
the system. As shown in FIGURE 1, it is assumed that all
heat exchangers operate above 1 atmosphere (atm), so the
noncondensibles can be directly purged. If the system
were operated below 1 atmosphere, a vacuum pump (not
specifically shown) may be needed to remove the
noncondensibles. In either case, a condenser 36 1is
located before the purge so that water vapor can be
recovered before the noncondensibles are removed. In
some embodiments, the noncondensibles may be purged from

the desalination system as a slow trickle that ultimately

is wvented to the outside world. The heat condenser 36
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the system As shown in FIGURE 1, it is assuned that
all heat exchangers operate above 1 atnosphere (atm

W0 2@8/0439¢3 noncondensi bl es can be directly purpedusion7/080954

the system 25 were operated bel ow 1 atnosphere, a

vacuum punp (not specifically shown) may be needed to

renmove the noncondensibles. I'n either case, a

condenser 36 is |ocated before the purge so that

FREET SFapdie tc af Y e Watego Rl behat emplye be mixed in with
cond ' : nove In nmbodj nent s,

Fﬁ% nonggﬁgghggggéglégy begﬁurgegg?§g%$e$he dbe ore the

desabindanisdblepsteemm ageatsfiow tIf ckhe tdeatalubbivienel sy stem

IS vented to the outside world. The heat condenser 36
') ﬂ@iﬁ%ﬁ%@i%lgﬁ%ﬂbﬁ@ﬁ%%f%§%95ﬁneigyeﬁé&rQ?tqﬁHOWQﬁFd in
WATSR n¥a8PC .t hath TR Yeerdfy X88n1 BeWhkhintB8ted in the pump
noncondensi bl es i s recovered before the

RANEEREe RS Bressurézeehheddephsend fleedl iLAati on system
is o t [ r,e r ener. an be recovere .
EhEorneE g 0%, Pa"IRY & T Bh B RO, Hevice

in 5 turbine S ener can be r

BhehpaspanSéngsee tr presswdizd d ke udegassed HRAMKEL 2L, the
The conmpressor 24 can be driven by any notive device

SOPRTESS2h efgi e OF 14T ePctd | cOMBtRd FHCEPGIRS lturbine

shen conpressalyth | SyaisVendhea £9nBiped; C‘i@.hgiﬂés cycle
turbine 10 such as a %rayton cycl e engine 40 and a
RadkiRe €yecl e Iengthe 4BraymonhecyBriayt emgdyel e4éngiaer is

LE essed. using _an _air conpregssor 44,
PP RS o et P el TP LS hobe: peea wo
thanbermpieandd canbustied, sanddnteidtdlorhi @PhapiRSSUI®E  and

as_is _expanded 15 through_an_expander 48. The exiting
ESWpﬁﬁéggureaﬁ%s tRe Wty RIOPaRyeEsNTBe @38d i® expanded

¥ARBULEE a3 |d:Plirfhd 4de fﬁ@kEQgtgﬂgiﬂ%wdﬁﬁgggukksgas is
bottom ng cycle, which in this case; is a heat

ggthanyey 804 IRt hbeRarddhetoyctapmnigicneadZ,icuid in the
Eggﬁigée%%%g%e during its bottoming cycle, which in this
case, 1s a heat exchanger 50.

In the Rankine cycle engine 42, a high-pressure
fluid is heated in heat exchanger 50. The hot high-
pressure fluid expands in an expander 52 where work is
extracted. The vapor exiting the expander 52 is
condensed to a liquid in a condenser 54, which is then
pumped back to heat exchanger 50.

Ideally, the Rankine expander 52 allows liquid to
condense in the expander 52 during the expansion process.
If this occurs, it reduces the heat load on the condenser
54, it shrinks the physical size of the expander 52, and
it allows the cycle to be more efficient because some of

the latent heat is converted to work. 1In one embodiment,

may be a gerotor expander. In another embodiment, the
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20 fluid is heated in heat exchanger 50. The hot high-
pressure fluid expands in an expander 52 where work is

wexisaevexl. The vapor exiting the expander 52 PGI/US2007/080954

condensed to a liquid in a condenser 54, which is then
punped back to heat exchangey,50. 25 ldeally, the

Ranki ne expander 52 allows liquid to condense in the
expander 52 during the expansion process. |If this
GECHLET | t S¥XRAULCRE t MEYheabel oaivahlalhke cofdenserSt&dRotor

[ [ th 15C [ of expander 52, and
Fkripﬁg%g%Fﬁeggggﬁédtghbé%%gpé g%gsgrent because sone
of 30 Inheplrdnenplheat mhaycoRuaktead t 61wodk. E&noONee used;

nbodi nent be a gerotor expander. In_another

S Eirent SO e B L5600 195845 CRET/ L0 PEDSEg54 B4 Fluid

gaoatier eepandaledmyy baramwai labl exfdam Shak RoLQbercritical
Corporation, located in Bryan, Texas. In principle,
RERY SRAGK HeeR| B 1idy béhgsedxpahdervearnd sdme belpds the

QI | ui .5.shoul.d b | ect ed
PR e SR TRECERE: ot P RaBEl N G g Y

théeexpangdera anfllusd betlhatt hes swperer i tiical PIRSSHFLLical
when exiting the expander. selecting a fluid that

B
PEEEFHVE t HESBuperl ?%?%aﬂjm%r@§§ﬁpéeﬁheﬁeeﬁteriW@F@%ﬁPl)r

expaRdelrd eoflly BBHBAPOL) nell@ BB AN € 9Nt YSeRskAl 8 it
heat changes i'n the fluid as it countercurrently
ERUNEErSUEHenaly exsrgy tisr dietrivelexdndngy fesdwmudte gasiting

f e yt cy . Jhis allows.the r oac
F%%%g%gtug%gfo g1vg%§ Lﬁﬁ?iﬁ?ﬁtl% SUgh t he éhtaElOWS the
eppiranger .t eMieata iures eas ase systgmuatiFoemererough the heat
15 fluid undergoes | atent heat changes in the high-

EEPeratire WRSED exlditHTGEISS | AY§ecRppfbatpiency. = If the
QRSN AlWES gL I egbhed hagkhe heHs&XChapgehne  nign-

whi ch | owers system efficiency.

temperature heat exchanger, large approach temperatures
are required in the heat exchanger, which lowers system
efficiency.

FIGURE 2 is a schematic diagram of another
desalination system wusing a single vapor source, in
accordance with particular embodiments. The degassed
feed input 12, water output line 14, concentrated brine
output line 16, water evaporators 20, heat exchangers 22,
compressor 24, Brayton cycle engine 40, and Rankine cycle
engine 42 are similar to the embodiment of FIGURE 1. The
desalination system 60 differs however in that the
degassed feed input 12 is coupled to evaporator 204 that
is operating at the highest pressure and temperature.
This embodiment may be desirable where the degassed feed
has components with reverse solubility characteristics.
For example, calcium carbonate becomes less soluble as it

becomes hotter.
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FIGURE 2 is a schematic di agram of another 20
desal i nati on system using a single vapor source, in

waemendamre with particul ar enbodi nents. The dpOEES®A7/080954

feed input 12, water output |ine 14, concentrated

brine output |line 16, water,gvaporators 20, heat
exchangers 22, conpressor 24, Brayton cycle engine

40, and Ranki ne cycle 25 engine 42 are simlar to the
enbodPAeRBYoPeFREORESLL , Ty igdésmiduedinidortlyy stagase®ed feed

Lff r-hl that t ed feed i.nput S
ah L T an 2P o rod TRsTOTEE S, BF g Spg vhter
eghestepr essurte aodetefpemtutiter dhapoeabodi neat vdyards

be desirable where the degassed feed 30 has conponents
WRERYr V@PSE A Gunt 93ty 5&%%%0%%rF§Fi&?PO%%WEe?%nﬁpy,the

gahei UBbRAEROPAL EoRECONRSGLES SHSOLADh € Apahdraiesd in
hotter. WD 2008/ 045943 Pé?/USZOO7/080954 15 As may Dbe

HPBHERENtT - by Haweveduci e t hemdegassee faedl paessure still
gxgggg_ggorfl%%d’tﬁ&elggpggggvgawa%%rm \;appe g’%%otjb\é\@Bgr to the

eCreases ‘as It novesS from wat er évaporato
rovhAtdsoswatvateevapaparato2020dThis i s the opposite of

how the 5 salt c¢oncentration changed between

evapof afBRE 20 1f o ehEmAtifpddearan Hf t emssiimation
apdt Bhessun %&iéi%ie@%saé@ fdppdhe | eft 2mReLaWaEE! with

evaporator 20a to t ri ght-nost water evaporat or
pPodtiFHCRRE Swbaslianasdiromat ithali dgealivhtacdesptdteat i 60 1is

em.using .multi.pl.e.vapor sources, ance
Sor R T T e o e AL BV B B L o i e
d8shiinstiibhakyl@ehhe ddesiadd naéeoOnasyetreasld ofe @R ors
1 in that desalination system 70 also uses a series

6P eGapbr APGFEL10g, aéaéh EFEMg @l ta reatemtiont In

Eﬂﬂgeqﬁif%iéﬁﬁafJWe%%oﬁﬁ%%n@arﬁ$&§$@f,eQQQ%Jn@oé orator 20
however, each evaporator 20 has Its own dedi cated

beapiessowm24ledigathkids coapeesispri 4. In this case, it is
possible for each evaporator to operate at nearly
identical temperatures, which may eliminate the need for
heat exchangers between each evaporator stage. The
compressors shown in FIGURE 3 may be driven by any means;
in this case, electric motors 72 are shown. Similar to
the previous embodiments, the salt concentration is
slowly increasing as it passes through each evaporator.
Accordingly, the solution is the most heavily
concentrated at evaporator 20a and the least heavily
concentrated at water evaporator 20d. Thus, it may be
that the compressor 24 servicing water evaporator 20a may
have the hardest job because it is working with the most
heavily concentrated solution. In some embodiments
compressors 24 may very efficient at low compression

ratios of 1.05 or 1.03 to one.
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possi bl e for each evaporator to operate at nearly
i dentical tenperatures, which nmay elimnate the need

w0 o008/0kw33 exchangers between each evapor at or BCEHUS2007/080954

The 20 conpressors shown in FIGURE 3 may be driven by
any nmeans; in this case, elggtric nmotors 72 are
shown. Simlar to the previous enmbodinents, the salt
concentration is slowy increasing as it passes
t hr ou§RCGEBEh rapdFat 6¥ . SAb@mﬁﬁrLﬂgl yliadgwramsol afi omricther

Vi on r vaporat or_20a and .
EESaFggéFE gav%¥sgé%on%%n$$a?égﬂt matéfz%vapd?%fr?es’ h
20dordause wﬁthapahelchhak e ocampnessor 124 SRISE1GIMG ion
wat er evapor at or, 20a ma\F/IB have the hardest job because

S

PrsFemuditii fg itH ie KBst hoheduPRy BBRCERL e 70 of
$OLUREOM  |ih SemBengodhTenifi 30 GO &SSQS gﬂsgayuses a
very efficient at |ow conpression Tratios of 1.05
3803280 dnes VAR X087 V48043 RCTY USROGV 080954 al@ilfferent

RE tic ar of anot her
géJsc'%aJI fa %ﬁﬁéﬁ%glg%au& ngir?rul ?Enl?e VRS C¥GEF ceSTRGfiment

BowevdﬁnCEaWhthom@EbB@@EaQ4em@ﬂ%ﬂﬁﬁﬁSmﬂ_ le evaporators
desalination system80 is simlar to the desalination

¢¥st ent70 W5 BREUREL ST nePR2A1BE8A! i rRAGDNCOYRFRAFED 24

8L$0iE8S o SGHItes OfveyaPRLatar 20, g&alep&ag‘i%fg the
at a different salt concentration. In this particular

eabedi ryRporaGeeser?0 eaehvccm@r oysar 2idngkevicompressor 24

| t or.at o In_this rticul ar
rqg'Irr%od(lglcr)'nan%tég‘gac é{olsrﬁ;freé"sesné:r SFMPGT. gg})\ﬂ PEes twb Wat ey be
exapot shoed E@ tAddiddeonat | Youhbercuetenteweper ab@tsingers
20 serviced a single conpressor 24 nmy operate at
arf PEFEREMt Eﬁﬁeﬁ’éﬁa?%sse#ﬁ%%eﬂa?m% S}RGI¢i FATREEDTOr 24 .

the ugecgkrCcaENter QUIL ;g éréyaﬂ%%%ﬁﬂnQﬁ%%s %%égﬂ?ﬁgy1v1ew

the stages serviced by a single conpressor 24
FEGORE Imhalianggitdeo®| avapipmelssorogshagectapnbé vsed with

the embodiments of FIGURES 1 through 4; and FIGURES 5B
and 5C are examples of different types of impellers that
may be used with the compressor of FIGURE G5A. The

compressor 24 may be used with the desalination systems

10, 60, 70, and 80 described above. Depending on the
embodiment, the compressor 24 may be designed for
relatively low pressures but high velocities. The

compressor 24 may have a converging pipe section 24a, and
a diverging pipe section 24b that are coupled together at
a throat section 24c. This may be similar to a venturi.
An impeller 24d is provided to generate flow through the
compressor 24. The impeller 24d may be a propeller 244’
or a ducted fan 24d’'’. Additionally, a flow straightener
24e may be provided to remove energy-robbing rotational
movement of the wvapor. To save development costs, the

propeller 24d’ or ducted fan 24d’’ may be adapted from
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of one enbodi ment of a conpressor that may be used
wth the enbodi nents of FIGURES 1 through 4; and

wWO-k@BBRES45B and 5C are exanpl es of different pgpEsS2007/080954

inmpellers that may be used with the conpressor of

FI GURE 5A. The 20 conpressor{24 may be used with the
desal i nati on systens 10, 60, 70, and 80 descri bed

above. Depending on the enbodinment, the conpressor 24
fayCBeadesiPgidd Périonse| at FOEl \FXoER s eRsepellent 2Adgh may

¥el 90'? ?%11@%3 us%;ﬁrTgfrgééa 4e}p"gé{n9a¥lﬁda ELEr %'aélg 244"’

pi pe I on 24a I'ng pipe section
nhut farem C@upbed teogetreer atThasthrrrao_,at bsecad:@damﬁﬂi:shed by
ar to a venturi npel ler 24d is

SR60e ot T BB ey R Th e BRPBGGHC: MY T Beshe density

dhethapebier &%jéﬁhﬁﬂ&%ft@rQP§|é@rtgédathEu@edWHé%é the
fan 24d''. Additionally, a flow straightener 30 24e

REYPBELPFOVRAEd t BT eAB¢ECEnef gy r BLI g ﬁ%ﬂzﬂﬁaﬁuﬂned to

SPEETRRL, hrgat ol AR on, D AV SLOPIERL I 0 Rg B, e
U‘@EQOO&dﬂéﬁ%&d@CTﬁm&@@7/1@§@95&pe11ea‘ermace accelerate

tions, For exanple propeller 24d" may be a
BRR eF Py Rt PSR o sPaneC i e BaViA® o 2 high

vayo&i@w a j etpepgiiBe. THHes NMayohe aqGPIHhRY bYose  is
adj usting the evaporator pressure such that the

@@W@ﬁtyeémopftﬁ@eva§WﬁLL§ny2ﬁdéul¢oméyrbatabhe to reduce
L 4 cted 4d'
@hé'gﬂggnﬁh%ﬁ? éé&h P%OBS %rféﬁess d?l anypg Sirable

I's designed to perate ega
bapalber kit hahei srotsed, mOQHPHeSEOr wastedy &S€rgy that

iggeller 24d to accelerate _the flow of vapor so that

ViRBvitAG tAE d%hih 28RGELbei t B HRRU¥RPPReMPVER Past

§EéaEQB%eBQ&agéﬁtbﬁerdQW@St%ﬁ@”ﬁﬁ%m@%@r‘%EGMH@'é%%%ressor
it my be ableto reduce the anobunt of spin in

vapbegiThi stomynpeedesi raldl eso bebauye loftidy the thaNyiPOl”
EQ&&SQ |§OMQ§h§9 &9y th%his decrease in velocity is

converted into pressure energy.

FIGURE 6 1s a schematic diagram of another
desalination system using multiple jet ejectors as vapor
sources, 1in accordance with particular embodiments. The
degassed feed input 12, water output line 14,
concentrated brine output line 16, and water evaporators
20 are similar to the embodiment of FIGURE 1. The
desalination system 90 differs however in that each of
the compressors are implemented using jet ejectors 92.
In certain embodiments, jet ejectors 92 may be
advantageous 1in that they can compress large volumes of
vapor, which allows the evaporator system 90 to operate
at reduced temperatures and pressures. This reduces
vessel costs and reduces the size of the sensible heat

exchanger that pre-heats the feed water with exiting
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provides little to no benefit. As the vapor noves past
15 the flow strai ghtener 24e, the dianeter of the

W@oupnewsdr 24 begins to increase and so the REI/U8100y080954

of the vapor begins to slow down. This decrease in
velocity is converted into pgessure energy. FIGURE 6
is a schematic diagram of another 20 desalination
systemusing nultiple jet ejectors as vapor sources,

P 186c ardafde bl dpaiettiegul arThentisdiivntenerfie required by
sse eed. i 1 ter i ng_ 14, .
g%%@enﬁgg{ed %?ﬁg£ou§%ut 5 nég%%gﬂgﬁ% M§Yera mechanical
evapoeators 9420 ase sdiown am (RIQURE etbadiarentiled vapors to

FIGURE 1. The 25 desalination system 90 differs

FOReVECHAP 19t SABRT OFSOF hé? c G ¥Rkl efrom a lower-

brekeneat edudsl NG rieeto @] LEERT 8adR. of | RheeHA jectors 94.

enbodi ments, jet ejectors 92 may be advantageous in

TRatPaMelr Elat conprésmenas géheolaamurasdfsow apdr maghixdreive

%E 8¥§EEQSSS¥%m¥foH %gg%emﬁg)18M8$%$§é§s§9ea%luid line

reduced tenperatures and pressures. S Teduces

vesseld cosipsrearyl fedactes tfheesicze ofxt be saasihltaoheatThis

gééhan er thatvpre-heats the feed water with exiting
S0DBFEFEEE3 VPEPFUSS0FTIEER 0954 Os ey iimd arfdie throat of

dhst ifldiedsy@desr dhe motHoven gNEPed Q04 re8pbY i8aGMat is
jet €jector 92 is supplied by a nechanical =~ conpressor
95edAs tohoweniaratieGURRSS, nawessdimt \pmregsgon hefor the

.cal [ [ are supplied froma |lower 5
%%%E%gkg@Fl%?gBP%§§8§6%§fon1each of the jet ejectors
94. FacpaEkti cul aisenbodi sehksathe caMEEssOr 94 Myhother
receive | ower-pressure fluid fromthe |ower-pressure
PRGRA INRRACTIOF VARG T otpres st B 1% FPTe SdPCEPE St @origapor
E8Lir@esThi sin hi gh-pressuLe yapar 'p%.rttl'lg,gll'a%] goamments.

into the throat of 10 the jet ejector
Peghlpnesdione sygpem il9owhat Signilgseda degmeirsteidthesystem

B%Ceg’}%gerlgtc%%%rtesélilgn cfo?nrprte%esor 24 is fed by a higher-
pressure line 102 from each of the jet ejectors 92. In
other words, the jet ejectors 92 may help to pre-compress
the steam that is going into the compressor 24. One
possible benefit of this may be that it makes the
size/power requirements of compressor 24 a little smaller
because the vapor going into it is already slightly pre-
compressed.

FIGURE 8 1is a schematic diagram of another
desalination system using multiple jet ejectors as vapor
sources, in accordance with particular embodiments. The
degassed feed input 12, water output line 14,
concentrated brine output line 16, and water evaporators
20 are similar to the embodiment depicted in FIGURE 1.
In this particular embodiment however, each jet ejector

92 services multiple evaporators 20. Additionally, the



10

15

20

25

30

respective evaporator 20. FIGURE 7 is a schematic
di agram of another desalination systemusing nultiple

W@ 2408043¢3 or s as vapor 15 sources, in accordaPCEUSE00T080954

particul ar enbodi ments. Desalination system 100 is

simlar to desalination systg 90 except that the
conpressor 24 is fed by a higher- pressure line 102
fromeach of the jet ejectors 92. In other words, the
jates] evrprsag2rgny heigriicrgst ey oapeésgl20 ddmprsissam may

| ing j;nto_th 24, On sj bl
L e i O SN ot - SRS

feqiilteaeatisbef weMmiaesser 24uatkirtlleeffBlegt exchangers

because the vapor going into it _is already slightly

pr e LIRS e sERe. SPBIEFAIE B G aP¥cRenet 1L @i d§Eamisictor

gpot her desalination systemusing nultiple jet

ej ectors as vapor sources, in accordance with

par t i EUFHREEnS@didfenase Hiagle dedavsedohaed drgme-skXtional
er tput-Line, 14 concentrated brine output, |li.n

HE o B et n T sEo g 55056 SPE ST &F B et the

enbodinentsded credurps FletGURrdugh | B8 tdn$ pactkeulas is a

enbodi mnent however, each jet ejector 92 services

FEPEF pIC& C8FPassratord o071 drt PRRall e e vef FIGURE OC.

2008/ 940943; R AS200.4:08Q364 1 1 19xYaRES VAROS At Ycheali 11y

servicted by a single Conpressor nay operate at
dnfledenttwoenpeleitur esd Tues omyldte. f atid i fated byplet is

he_use of_caquntercurrent _heat_exchangers 22 between
gﬁgag?ggé%nsg¥V?c &%Ey 518Fngr e ﬁ%Faeﬁggto?je%ggﬁ. 92 and
FeEURESs 9IARCoeesarde ebavapbenakaphess- I8et isR@nd inlet

views of different jet ejectors that nmay be used with
PReVidRBodints Bf HIERES 6 PRFBu§Re8dandaPFPCURE @D the

ifipBe THORE Clo@ss-sechhonal wieW 2hB00s! 1 RSx19%i%hin  the
FI GURE 9C.

constricted throat of the jet ejector 92 and produce a
vapor output having a pressure and speed that is between
that of the vapor from the two inputs. Jet ejectors 92
may have relatively high efficiencies when they are
compressing at a 1.03 or a 1.05 to one compression ratio.

The jet ejector depicted in FIGURE 9A shows a
constant-area jet ejector 92a where the motive fluid is
fed in a single step. The motive fluid may be supplied
through input 1line 93. In particular embodiments the
motive fluid may be high-pressure vapor.

FIGURE 9B shows another embodiment of a jet ejector
92b having a two-step nozzle 92b’ that is adapted to
allow progressive addition of the motive fluid. The two-
step nozzle 92b’ may be more efficient than the single-
step nozzle depicted in FIGURE 9A. The two-step nozzle
92b’ allows the high-pressure vapor to be introduced in

two stages, which reduces the velocity difference between
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10 The jet ejectors depicted in FI GURES 9A-9C
generally include two inlets and one outlet. The

wo peosp4iomd et is | ocated on the left side of tPEI/Us1007/080954

ej ector 92 and receives | ow pressure, |ow speed

vapor. The second inlet proyjdes the high-pressure,

hi gh- speed vapor fromthe 15 input line 93. These two

inputs mx within the constricted throat of the jet

thectlow-gregAd vgireducnter ingporheui put ehavktny §2 from the
sur S [ wee hat of the vapaor

PESETERE Tl PRESH.SO0LY Tetliroraley TR, PhaodSe VBB cuo-

sekpt noekyehiogh 'ef f iThwenctles pheatt Beygar 8f2&he two-stage

conpressing at _.a 1,03 or a 1.05 to one_conpression

Pa??a.e “\'ﬂg 6t Pej BBt AT U G EF A4 FFBORELOA- SARKR &apor

peRst-ant ranea dikls &iiRCt -2 whgse the1rpbiue il Grages

is fed in a single step. The notive fluid may be

suppl shdwnt hiough IGHBEt 19Bne 93helm padicddmleartts may use
Lments_th 25 notive fluid may be high-pressure

%gggg}gg?éuﬁka§§SShoms anot her enbodi nent of a jet

ej ect BrGURED dravéepi at & wersicee moyzet ee9abtotrhad2d Susing a

adapted to allow progressive addition of the notive

EVFEr 8EeRh8°efee $%6p nozZre 99B-ShEY BeZAbPe %eff'i ditknudes
tihe ;s Nz e-depl £t I N FLEJR ’

%Eggtﬁggéﬁggahgzgggﬁhggb' aVId%s tﬁg ﬁ?é%?%rgggugg%A and

papometerbaozatleoduiged ?2¢' tWwo sPaEgesn wbe cheerdice FIGURE

e . velocity difference between WO,2008/ 04594
%@T/%ﬁoﬁﬂl%§69§fzz§§ t i&Pl o Cspeeasvasp%roém(gerq ngYt H&ree
pgtiagjlgClspacd fgedinidter iizand-ihe bhgh+ speedneapinter
entering throggh the two-_ step nozzle 92b'. Thus the
PPEEiest bl of2Ghe GR-S1Hye fonshere AAYNARFPTo than the

EeiRecelergle khe low speed vapep é,b?fgﬁﬁ hle B3ENeS
?helsecond st age. &ithoug t wo stages are ghoﬁﬁ%in por
EECURE 9Bjedt har enboditmgst,s haysusehraddilt | thal perimeter

%g%g?g'tips 92c''' and then downstream through the center
nozzle tip 92c''. While three perimeter nozzle tips
92c''' are depicted other embodiments may use more or
fewer perimeter nozzle tips. Furthermore, some

embodiments may stagger the nozzle tips differently, for
example, the center nozzle tip 92c¢'' may be upstream of
the perimeter nozzle tips 92c¢''' or all four nozzle tips
may be of the same length (e.g., they all extend into the
jet ejector 92 an equal distance).

FIGURE 10A 1is a plan cross-sectional wview of an
evaporator and FIGURE 10B 1is a side elevation cross-
sectional view of an evaporator, in accordance with
particular embodiments. The heat exchangers 22 may be
contained within an enclosed pipe 120. In this
particular embodiment, the heat exchanger 26 may be

distributed through each of the water evaporators 20 such
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FI GURE 9C depicts another jet ejector 92c using a
two-step nozzle 92c'. The two-step nozzle 92c

w0 pBuoewe3 10 four individual nozzle tips, CceneE&r/US2007/080954

nozzle tip 92c'' and perineter nozzle tips 92c'''. As

can be seen in FIGURE 9D thg center nozzle tip 92c "

i s surrounded by three equal}y spaced perineter

nozzle tips 92c'''. The center nozzle tip 92c"

ehabnd figriemdr gdonpR¥aehemt vdn Waleen 5vpppirneiegm each of

ER ZM% %&P%ﬁ%ﬁ?ratof& %@uﬁayhb%%ueres%%gesﬂggﬁr1n %TGURE

ease steps I rst”through the perrineter
mOBzIde@apseﬁZdbed.mmpddmﬂum@mmztpeannﬁhsoaghdHMEy p01nt
genter nozzle tip. 92c''. Wile three peri ter zzl

Pps Sag5c watefe dBPi LPEd GiHdr HibBap Heed water

B0EBoPEEEDsT ever pepbpet ek nQ§¥|§ké¢£éédF%B&Beﬁ&%%§des an
sone enbodi nents may stagger the nozzle tips

ghtieredplry thieordisthidmside, wathRr ceper - no@zm@ldu pug@c'24 is
BRYyEeoEb" REMLE, opbs oRRey Ratly RE B Gea inpuc

leng. 12t hey @Adhedfeadplm&aluma 5 et eject@fs992an The
equal distance). FIGURE 10A is pl an cross-secti onal
QFEW SFEHPT By dPor BEr AHHGS G@RE%O@‘?‘% ¥ighge ehe’ salt

ghexat i KL BSSmoseCtnenal £y of 1@n e%ﬁﬁprﬁé wiRh th
accor dance ﬁﬁ?h opartlculéﬁﬁénbodlnenfs he hg% * ©

é?(@-haiﬁgér §f23@eﬁ‘§y apg aal@mtfaarné:dlamwtamenr awwactmﬁ to be
120. a cular ,
Fanger 988, S Rkl S BB nl fpsbfingg £xom

exc anger

ﬂﬁbeeaevapatakoﬁﬁ BedsuchoVEbEQQB/8459431ed water.
PCT/ US2007/ 080954 = 21 that efficient evaporation of
wat er FYSHBE £06m EXIF of PRRB Witdr "R¥apeF aFBFE2& YA teT

QeoHE AS-RWhd FLEVRE o LB radegassad fe%@ééﬁ“@nterlng

I|ne 12 provides an entry point for salt water.
theowghepdry vapor i pedskn tihgonathertis ephpbeat @raslsz@g the

sa&%”ﬁaterl§opr0V|dEd that Hgo%£desf% bringing the salt

water to a boil the steam follows a zig-zag path through
evaporator 20, eventually exiting as condensed water
through an outlet (e.g., outlet 14 of FIGURE 11). As the
steam progresses from 1left to right, the baffles get
closer and closer together. This may help maintain a
relatively constant velocity (e.g., around 5 £ft/s)
despite losing steam from condensation. As the steam
passes through the baffled heat exchanger plates and
water condenses, the vapor phase may become enriched with
noncondesibles. These noncondesibles may be purged
through exit 74. Thus, distilled water vapor from the
water evaporators 20 may be used to heat salt water in
the subsequent water evaporators 20. A distilled water

output line (e.g., outlet 14 of FIGURE 11) provides an
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outlet for the distilled water vapor. Liquid punp 24
is provided to route salt water fromthe degassed

wo ewdossmit |line 12 to each of a plurality of P¢BEUS2007/080954

ejectors 92. The jet ejectors 92 may induce sone flow
within the salt 10 water to & $Ip nove the liquid. This
may help with the transfer of heat and allow for the

wat er evaporator to be smaller. Using this process,
autéetmy fog vageondeagety omdifstd 198G waiedred n dimter  the

%Sgggggg ghstskglcg wat er. FlI GURE 10A shows a path

y water 15 vapor through the water
evapoFatURE 2Q. iSt eanteoher engvathbaugh perisef'ional view
E sses throu%g t he pl ates causi ng the salt water to

at P arftVIRRT2E9Ny britdyi nGCCREIERFE  wWatEBR  Particular

BRbbdat Renskeam fohd owgoeZi 0220 apat N1bAr ougher quadrants
evaporator 20, eventually exiting as condensed water

zenfcaﬁ@uglwveﬁrmnaseﬂul(ee galtouvtat@tr 1an@f tFJIGGUFEftll)L% and
I t th
ﬁg&'&e 1§Beacgﬂapc§roaq{ essse Cim ?1188?%6? .?ﬁbu:e a?]%¥p and

I"'es get oser-and Q1 Gsdt 'S nay
Haisntaileda waetat i veWt@@nséaapomt@@l tirdre. @he aﬁ@llﬁd and
5 ft/s) __despite |osing steamfrom condensation.

£ tSt eBRPB5 PRRsELR hr Fhe SFaft | €4 "heat %@%héﬁ’g%‘isure

Bh@%%%eﬁ@@ H@ﬂW@%n@QQgﬁnfgﬁerI§¥b§§ﬁ¥% phase,d®¥%y and the
becone enriched with noncondesi bles. These

h@g@@mdﬁgﬁsrse@enawaﬁ@rpur*g@plort hmewgh kexi t sTdplIdds, by a
[ wat er vapor_ framt ter evaparators 20 :
ReJPhs Bl T8 mar <A1 or ok aoPPRESaRLaquatom in

euse in 3

waceREewaup)or at ange 20efA dizgt i dhe@d raher 10Ut pubdrbA€s are
(e.g., autlet 14 of FIGURE 11) provides an WO
?(91@9/16&91943’1r5@T/ USHEH PEEFSAT 22 SEAet B Dondandanse

Qh%tlldle' efhRhigli Jff OMtRe - ARRAJNA | QN 19HL e @k@%ttom

I's a front elevation cross-sectional view of
@\fap(bueatl@rf,t il2 8acewt darwd Vi Xth pardriaguisarand ex1ts through

port 14. In one embodiment, the corners of the heat
exchanger plates may be sealed to the pipe using
inflatable gaskets.

FIGURE 12A shows the water evaporators 20 and jet
ejectors 92 removed from the enclosed pipe 120. FIGURE
12B shows a side elevational cross-sectional view of the
jet ejectors 92 of FIGURE 12A that circulates liquid
water through the heat exchangers, which may increase
heat transfer.

The integrated water evaporator 20 and heat
exchanger 26 will now be described. FIGURE 13A shows a
metal sheet 140 that may be used to form a portion of the
integrated water evaporator 20 and heat exchanger 26 of
FIGURE 12. Metal sheet 140 is shown in FIGURE 13A having
been cut into its desired shape and a number of dimples

142 formed therein. Additionally, tabs 146 are integrally
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5 enbodi nents. The upper 122 and 124 | ower quadrants
contain |lower-pressure salt water and the left 128 and

w0 @458 quadrants contai n hi gher-pressure vEEDUSHANT080954

distilled water. Water evaporates fromthe salt and

exits fromthe top through e§§t 98'. The pressure 10

di fference between the | ower-pressure salt water and

the higher-pressure water vapor may be supplied by a
é@npeésgurtbe ffetrejcechers( ndt tépericftadaldheexhawn .i IFIGURE

R The Ieft 128 and ht 130 _gquadrants are
gé§g|ﬁé ERehiYH %1pFE§§5réLQ?e&$ FORE cdridensis which
EEndﬁSllﬁjbevé h%eléh'lat esrmddie icondaasadiee£01 haet Sadbngh@otted

bottom_ of the left 128 and right 130 quadrants and
exPee tHtdugh FREPRES4.13¢ @{@eﬁﬁ@du%ﬁw es coamrional

ohsibeshcahe srienay gl ee Amyde apeh e gna <o

raepeateveéyaporators 20 and j ejectors 92 renoved

el cval FORGF. ¢FBctPEbbBhonaP ¢ %’«v,ggen#ﬁ 5 el eas of 2

SRecet @SafgflaétbmﬂtﬂaﬂCMh§t%%|t§@ﬁdth¥é¥mthﬁguggter
t he heat exchangers, which may increase 25 heat

EVARQFRFOT TRE @ﬁ@eﬁ#ﬁﬁe&%ﬁﬁ%ﬂg%Wa%@rgfoFIQUREnQZheaWEtal
gﬁ@@gng% 36 widd tﬂ%\%{lbeccgerﬁé:{éf)e?h { GRs é% %fa% no

metal sheef 140 that nmay be used orm a por
thks ertlegr atedhsaterrevaporat die 28haatl heat ex@haﬂg@meet

26 of 30 FI sheet (140 is shown in Fl GURE
13ASHEV g™ %&%}Eﬂ M?%t %‘a"t@gdé’s%erneoc%ab’étanatﬁ desired
suaper aaf di aphesr 424hi@ V\gﬁ[@@ hher eltmeAddinienal | Y. rreure

tabs 146 are integrally 2008/ 045943
PER/ o007/ GB@gsmetazls ﬁb?ﬁéd 170 t bé fBLEURDr A¢As bf which

f_ﬁ%ﬁd tlﬁvcﬁjh E@%glélporr{}:\%%ﬁ% Ek?ig SA’]%/@C t I?L%O afong edeotted

Aln
lines 154. FIGURES 14C and 14D show cross-sectional

views of the sheet 150 taken along the lines 14C and 14D,
respectively.

FIGURE 15A shows an assembled portion of the water
evaporator 20 and heat exchanger 26 of FIGURE 13 that has
been constructed using a number of metal sheets 140 that
have been stacked, one upon another. FIGURE 15B shows
an enlarged, partial view of FIGURE 15A depicting the
structure formed by each of the tabs 14s. FIGURE 15C
shows an enlarged side elevational view of FIGURE 15A.

FIGURE 16A shows an assembled portion of the water
evaporator 20 and heat exchanger 26 of FIGURE 14 that has
been constructed using a number of metal sheets 150 that
have been stacked, one upon another. FIGURE 16B shows
an enlarged, partial view of FIGURE 16A depicting a
corner portion of two mating sheets 150. FIGURE 16C

shows an enlarged side elevational view of FIGURE 16A.
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bends have been fornmed in the sheet 140 al ong dotted
lines 144. FI GURES 13C and 13D show cross-sectional 5

WO @8m43983 t he sheet 140 taken al ong the |ines RGUS2UA7/080954

13D respectively. FI GURE 14A through 14D shows

anot her enbodi ment of a shegf 150 of netal that may

be used to formthe water evaporator 20 and heat
exchanger 26 of FIGURE 12. Metal 10 sheet 150 is

i dent FEGVREo 1t abheheetong4(erelxedprenthabtine tabple shape

st _at -t rner f _the sheet 150. tal. sheet is
B oecfr 1 AT Safbr 108 S AR | Biecl®l BE GRS my Sdent
shapataof.a msnbeiowef, diagd est 162=f @inpUethengi Br 152 has
FI QURE 14B shows the nmetal sheet 150 of FIGURE 14A in

BhildR M5 B Rafe BEdn FRahedVPAD RORes Ameetal 6AF oF
dopted Jdinesy 1§éjagéﬁJRfE§e}é@oam%l’ﬂe4:Q show,, tendency to

cross-sectional Vviews of the sheet 150 taken al ong
shédei nesdedeyand dDrh respkdt ioetyr HGURRASA ighowsvere

an assenbl ed portion of the wat 20 evaporator 20 .
SR e R T o B PR theT, T RaLh Speeflovn  in
EDGSREUAl/®] ushérgdampusben sof dwet abo sheetgnhal46nddat 140 or
have been stacked, one upon another. FIGURE 15B shows

2RO cAPYr i, TERRT alitleR GlerMaRsREOMSM Hephati A§ @septed

g%r@65¥6§mf@wq%%énbﬁ¥g¥]Eé?ﬁgﬁrFe?sakéﬁheEIﬁggﬁééggimple

shows an enl arged si de evati onal view o
152 oF| CURELt6M shovkernnshssenbdedoporfdon of the

Ta.  nErEHRES BhE cBBREDRuAPEy B g~ RUROSP RSP 7t a0LRES

sheet smalp0 Hehatisebaveo beait stracked, omestipananekherso to
FI GURE 16B shows 30 an enl ar ged, Eartl al view of
EPELRET 16A HEPYRE | A§Ra Sheoitnet pELEREn Jefintwol ft i ng’ IGURE

SpacLaciata PR Likaphors o BLAERTE S o cein:
PCAMDS2064/ 083954 is24used to attach the ends together.
FIGURE 18D shows another embodiment of a crimp clamp 164,
wherein the edges of the sheet 140 or 150 are raised so
the crimp clamp is securely held in place. FIGURE 18E
shows a rivet or screw 168 that is used to attach the
edges of the sheets 140 or 150 together. FIGURE 18F
shows a tab 170 that is integrally formed on the edge of
one sheet 140 or 150. During assembly, this tab is bent
around the edge of an adjoining sheet 140 or 150.

FIGURE 19 is a schematic diagram of a desalination
system using an ion exchange system, in accordance with
particular embodiments. Desalination system 180 provides
an ion exchange system that selectively removes sulfate
ions. Example resins that may be operable to remove
sulfate ions are Purolite A-830W (available from Purolite
Company) and Relite MG1l/P (available from Residdion
S.R.L., Mitsubishi Chemical Company) .
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FI GURE 17A shows one enbodi nent of a dinple shape 142
or 152 that conprises one aspect of the present

w0 poosiivan. As shown, each of the dinples 142 pCT/LSD07/080954

has a flat region 156 such that, when another sheet
140 or 5 150 is placed adjacgnt thereto, there is no
tendency to slide sideways, which would occur if the
tips were rounded or pointed. |In another enbodi nent
shownliin FIQIX&BREl%,?BaCtiﬁe R5 npﬁé@dl@ oth¢5Xnsfslpngeed in
1 Yq or.yed mn h a ressio
?%g?ﬁgs%%Lapte g?o ggnioﬁﬁf e ou‘gS CORt Bt r#fé acid
aavéhesl mataygy cbesrpl ased4?2 @sruch52 d¢ onhgaebbrRlogheet a<31d,
140 or 150. FI.GURES 18A_t hrqugh 18F show vari ous type
BROFBRATSC AFd neyr bEWSE8T 10 21%hch orfe ShReete™p Wnt
Qé@fuPlcaﬂeiaeﬁayFbguﬁgeé86u§hQWS1%§M¥é¥§%ﬂ¢@l@tl%gpcost
FI GURE 15 18B shows a brazed joint 162. FIGURE"1
ThewpHa ee<r1|tri1§19 cttfemrpnmart hat apprexdmate Lat t3acttpt Ele This
n oget h | GURE. 18D, sh t her, enbodi e
gc%ﬁ%E gg Y tefGij; %ﬁé?glﬁotﬁgﬁ% gg%a%?t%%% %ﬁgeﬁxéﬁ?nge
Bédl5®4 ar @hliahsed 3$6adtblewtEhmphtbaipel Sonecur alsy thel Galt
in place. FIGURE 18E 20 shows a rivet or screw 168
YRLET | B2HSES FBrSPHBcﬁhFh§XhéH§E§OBf1Pﬁee§ﬁ@éP§elkﬁdoﬁ84
duPripget hepnsFl GRE 418F 1§Pomscﬁ1599dé7o LRAL 'S release.
integrally fornmed on the edge of one sheet 140 or
Appropunahglas S&bl yemonas tdbh fslbehe immmunist lp@ssible.

e d Qi N sheet 140 or, 150. 25 FlI GURE 19 | :
gggc ena?XIQ h%gréﬁgo?xgaﬂgéh??nétlonexggg?%ﬁwﬁ§¥%glg% 18
apprexchangeysysbedp bnzaccandance WulForpakld Géltdr flows

enbodi nents. Desalination system 180 provides an ion
BRcRantRe st 8RF{RRET s@BECtiRRAY dbppvbsedurpgben dioxide

iQnSre$§@Q?]e]£ﬁﬁ s%%ﬁ% ”§¥eQﬁ oper @ Y EGGPV%5¥}ier
Bis ki

sulfate 1ons are lite A-830W (avai rom
Pasel i t €n Cormanyybadindet st eoMutt Pdegesisiall &dahomlogies

ReSI %dl OIPSG ’ Rsxlich ast 2 et%/l‘lschels C@l’?ar.rtl:cglseconp aé{l?tum to pull
gases across a membrane. The liquid exiting the wvacuum
stripper 186 has a pH of approximately 7.0 to 7.2. It

contains a low concentration of sulfate and carbonate

ions, which reduces scaling problems 1in the heat
exchangers. The degassed salt water flows into a
desalination system 188. Many differing types of
desalination systems can be employed, such as

desalination systems 10, 60, 70, 80, 90, 100, or 110.
FIGURE 19 however, is shown using the desalination system
70. The concentrated brine water exiting the evaporators
20 is used to regenerate the regeneration ion exchange
bed 190. Typically, the brine water concentration is 2.5
to 4.0 times more concentrated than the feed salt water.
FIGURE 20 is a schematic diagram of a desalination

system using an abrasive material, in accordance with
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WD 2008/ 045943 PCT/ US2007/ 080954 25 In FI GURE 19,
acid is added to the fresh feed in mxing bin 182 to

wO o849 pH Any suitable acid material nmayP@BEUSHET080954

such as hydrochloric acid, phosphoric acid, or

sulfuric acid. In one enbodigent, 5 sulfuric acid may

be used due to its relatively Iow cost. The pH

exiting the mxer is approximately 3 to 6. This

Ber il Fréar werdcdigeadded tBeﬁhéléRhaQQt isystiegn 200 may be

ggehapee  £gd il Laaded it hogh! gride 4,008, o
t salt  water passes throug tRe aus |on i‘on
exchange begdih84ndifigsuahf abeaisdns hﬂamérarad chiueh d& small

i 0 rel ease. prOX|nate 950 reanaI of sulfate
FBH%GFS bﬁﬁiﬁ’bl‘é@ SPRE Lp P68 ngtt FEoBPFUsYioh WéRh the
sxchapgecbed 1Bé adHra@RREOXNREELY ™ R iﬁ%réﬁﬂé%d into
de-sul fonated water flows to a vacuum stripper

ther sadissybhied clr bdangi ox04eansd i s r eepvogred from the
e caprier case. In
égﬁkggéﬁg%géﬁe%ﬁ?@o ﬁae?éjge%gss}%% t(%c no Solgrll%sancﬁ?r@@we

msedrislich sspaevices i, usehacuacuipioypul lapgagasiate
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@?Fhﬁéér F980ha8 A1pHBFIGPproxFrhtRYy ¥ ONRIRIED. |t

20 copt@iRe 31l o coneemkratiien Hfapid abe Qn%esall ation
carbonate ions, which reduces scallng problens in Dh
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eésalination's sterrs can be "éenp

Hesalination sysitens 200 Ghovi@eB0tw80,5yHbmOr td1Geduce
FI GURE 19 however, is shown using the desalination
sGatem fPMaThen c M erfieat ¥ALEYI nBVARPERTEY| t7hg A1HE heat

EXBRINGELT S26 20 Afe MS e R dggener af e % g r&aeneralion an

i on exChange bed 190. Typically, the brine water
gbneenveatiaderiiel? Se30ratord. BORi mey nie e imphewahtatiedhat

%Q%Qt&ggsf eiend galstlmV\Qar manner to the abrasive material

separator 202 of FIGURE 20. Particular embodiments,
provide a precipitate separator 230 that distributes
precipitate material into the salt water at line 232 and
recovers the precipitate from line 234. Adding small
particles of precipitate into the salt water to act as
seed crystals that provide nucleation sites. As the salt
solution supersaturates, rather than precipitation
occurring on the metal surfaces, the precipitate will
prefer to form on the seed crystals because the surface
area 1is so much larger than the metal surface. Also,
unlike the metal surface, the seed crystals have a
crystalline structure similar to the newly formed
precipitate, which eases the formation of the precipitate
onto the seed crystal rather than the metal surface. The

precipitate is removed by an appropriate method (e.g.,
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FIGURE 20 is a schematic diagram of a desalination
system usi ng an abrasive material, in accordance wth

wWODR0EBADA45943 PCT/ US2007/ 080954 26 parti cul BECT/US2007/080954

enbodi nents. Desalination system 200 may be operable

to reduce scale formation on,heat exchanger surfaces

by including an abrasive material, such as small

rubber balls, or small pieces of chopped wire with the

Sighrathaner Cemhéiébgai;ii@@) nerersegarriobhe23 0t r oéuqz:;d:tion

iﬁto éhe saé]{ mater altS 2rCr)l4 and is re overeq}]ff
concpen? ded brine vvat i tedllﬁg 20%° S|Cn]fgy

akeaskves pateedaFrsepanat evs28d, which enpl oys

appropriate methods, such as filtration, settlin or

magnef $GURE BRGURE 21 sic@eRnaddfefiadralt agf am slesglination

dosabhnahi QRichY $heMMSRY 13 abkatine f'%%q“ea}a r is

pfecipitate material, in accordance with parti

enhddhaedt sind Désad:hwage@n systm@ﬁdhrm@vwdest tp/ao:tlcular

systens tp reduyge cale.formtian

SVRRETRebPen0 aiite st s ha IRh SR e PeiriS  pramssa to
hacepe egbedivaest, adna @larmsiw\atterfatleitlaade sepay ator AFill
may be inplenmented that functions in a simlar nmanner

26 Hﬁ%a%%résl@é’rﬁ&f’é‘rlﬁf ettt 20Lcst FrauRetlye. salt
cul e nt d ecipi

FRLEL g SRR TR o RO AZeR Y PALD aBELLYed, yater

pontputhel sz t Idat endatcdmammai‘ld brieeovetr s ddmeentrated

rec p|t te framli Addi n rtic of
BFErPetEREt i i sa fhanraF ot o daopL 4252 ipag T3t 220
Bh¥SkakerhhataReeVicta paueledis on,SidferaAs Hdi saldhangers
sol uti on supersaturates, rather t han precipitation 25

88cuthPiig 8AeSt hEONPLER siif akesveeRe @aé?@l picfat &hi | [water
EQQFSEaEBrEO"z@,O%AJ‘e Sﬁ@? QLYRLR RF
surface area is so muc er t han the net

suef ade thal srateruahzialp@rahemizald Swihfiate matyheEuseed on as a

cr\ést als have a .
apor-compression evaporator). Pressurized vapor may be

coupled to

supplied to the other water evaporators 20a, 20b, and 20c
in a cascading fashion such that each successive water
evaporator 20a, 20b, and 20c (which may function as
multi-effect evaporators) has a relatively lower
operating pressure than the upstream water evaporator
204. In this manner, water may be progressively removed
or evaporated from the salt water.

As shown, degassed salt water is introduced into the
degassed water feed input 12 and into a countercurrent
heat exchanger 26 that has concentrated brine and
distilled water flowing in the opposite direction. The
degassed salt water enters a first water evaporator 20d
where a portion of the water vaporizes. The remaining
salt water 1is pumped through a countercurrent heat

exchanger 22c into the second water evaporator 20c where
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crystalline structure simlar to the newwy forned 30
precipitate, which eases the formation of the

wee@siogivtmat e onto the seed crystal rather thaPCT/082007/080954

netal surface. The precipitate is renoved by an
appropriate nethod (e.g., W0),Z008/045943

PCT/ US2007/ 080954 27 filtration, centrifugation) in
separator 230. A portion of the precipitate is
padiEhenads waded dry staperiaril. exEhss MO}@@rS@ede regpeated

éesar@r}?aeg&m@s% %%sﬁ%eg SChﬁgat 1,6 di agram aof_a of | four

tion 5 systemin whic e vapor 4| eavi ng
fvanal egappoatborss 2aondeased aond,di sahdarged, are shown;
ccordance with particular enbodiments. The
gYsV Phat | DY sﬁ%&ﬁlﬂo PS atRabtEd SEPUREHS saft may be
watgr at a salt water intake line 12, distill at
| east a portion of distilled water fromthe salt 10
wat er Hiahdppﬁse'uu@ gitsrim, | ediokatas By dbst isbpd iwdt drom a

BULRAL | 16 44, a0d congentited. bry pe. at conoentiated

Fine output 11 ne egsal irnat’i

p2Bvibas SBEem@klwatQMe&g@DQEaE@kB1iﬁ)cdmpﬁﬁéﬁ wgdlr vapor
exchan ers, 22 that are coupled in between each of the

WaPBr I eVBpSFatids 298 &Rd B ePUBPEEL driig2 1hat Qutput
¢oHR! eth t 95 QR he, WRkeE e VARY ALY ZQQd(“ﬁ‘hEB high

may function as a vapor-conpression evaporator)
Pre%uresedremp]dlmmylbe tlrupphled tovagwratder 2wat erauses

ey orators a, 20 and 2 L0 cascadln

suc “t hat e ea%hO scu%r(l:eésnsl Ve \/\g ef fﬁeeygﬁgffgtor nf](a? " they
2hseanta2de (pohi ehapayatencidan ase nedit - effrest. These
evaporators) has a relatively |ower operating .
HF‘B§§ Gr eCPRAFEPe pstPeani et erS @RISR r 2020d. whtich is

LpksarRANGS éoaisaegaasrggsﬁ&ggre%ygl gﬁaea@geqs Qfe eppated

evaporated fromthe salt water. degass
Salrt addt ext i she ncbtl@ducedapnr@tiahe 2dbgassle'ld 20zt eyorffaehired
iﬂpléheléy%@gmi.m 0 a countercurrent

Any noncondensibles that enter with the salt water
intake line 12 may be purged from the system. As shown
in FIGURE 22, it 1s assumed that all heat exchangers
operate above 1 atmosphere (atm), so the noncondensibles
can be directly purged. If the system were operated
below 1 atmosphere, a vacuum pump (not specifically
shown) may be needed to remove the noncondensibles. In
either case, a condenser 36 1is located before the purge
38 so that water wvapor can be recovered before the
noncondensibles are removed. Jet ejector 92 serves to
pressurize water vapor from intake line 28 to output line
30.

FIGURE 23 1is a schematic diagram of another
desalination system in which the vapor leaving the final

evaporator 1s condensed and discharged, in accordance
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heat exchanger 26 that has concentrated brine and
distilled water flowng in the opposite direction. The

welegasswd salt water enters a first water evapPCHUS2007/080954

20d 30 where a portion of the water vaporizes. The
renmaining salt water is punpgd through a

countercurrent heat exchanger 22c into the second

wat er evaporator 20c where WO 2008/ 045943

PO UB@@@?FGS@@S@mb@Qla@@atﬁ ondlhenasatti vagaporinzee line

T%%S QEgge%%tP %ﬁ§¢94 aéoﬂ@@%téé é B%égSSIrggutAﬁlne

tota our wat er evapor ors
26c¢, v@mﬂaﬁOdvaperahown 2howeeear, @nyham@emmt)zzof and jet
wat er evggorators 20 may be 5 use pressure

S18ahersdénh3%s Wlﬂ@‘-’sdﬁnl?%ﬁ @?%Nhnagb?{le?yséﬁi“enzéo of

FRGURBL 28], €Ct Bhe 94LANQUGR 1bhNG AT AN 3 Pr QY eSSt M wever
notive energy needed to conpress water vapor fromthe

in| ghaki rde28inwit heinet pht thieng B0. exatpenr 20 Hisnegpled
L3 £RupLed 1Q Yvég{:% Ix‘égﬁﬁfs‘ég 2Pd. Thus, high

pressures resu e Wwat er ~ évapor at or 20d causes

wat er FYQPRE ta ciondensehefattbess aapod Soeoadenrsalination
t he cause water to evaporate fromthe salt water.
These™ V%bBSStE’BnH@Bgé FﬁuFﬁésnéi@t w§hotaorvemsy, leaving

phicheis1l5 apgitad,at ;& | QWBHeRLEBESULRa TH ScIIRGESS in
Is repeated for all of the other evaporators 20b,” and

20aotdanfgumedh ipeuthie st esmbadimerreond@hdisblegdodiment
t hat..en t th salt ter _intake Line_1

ﬁﬁraé ;Lr om ?hehgy tesall W%s ov\ﬁyssiﬁm 21IQI @GR @\Qé’%z in
tRagssaeedlihatiehl bpateXxchamgesbsopaisde abowrrlies of
at nosphere (atn), so the noncondensi bles can be
BYRRRERYOBEr gél: | FarRe SPSEEMIREr e 2bperat &0 T isEISE 1 Salt

BLARSRRLL L off . VACHUM PHID (AQL: 1SRAGHT | éxﬁb&dméﬁ@"‘”ﬁowever

may be needed to renove thé noncondensi bl es.
several water evaporators 20c and 20d have their own

dedicated jet ejector 92. In FIGURE 24 the first 20d and
second 20c water evaporators are each shown with their
own dedicated Jjet ejector 92. However, it may be
appreciated that any of the water evaporators 24a, 24Db,
24c, or 24d may be configured with their own jet ejectors
92.

FIGURE 25 is a schematic diagram of a desalination
system in which the vapor leaving the initial evaporator
is condensed and discharged, in accordance with
particular embodiments. The salt water intake line 12,
water output line 14, concentrated brine output line 16,
and water evaporators 20 are similar to the desalination
system 210 of FIGURE 22. The desalination system 250
differs however in that degassed feed line 12 is coupled
to water evaporator 20a that is not directly coupled to

the jet ejector 92. That is, degassed feed line 12 is
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25 either case, a condenser 36 is |ocated before the
purge 38 so that water vapor can be recovered before

wao b@s/osomtondensi bl es are renoved. Jet ej ect or PGRUS2007/080954

serves to pressurize water vapor fromintake |ine 28

to output line 30. 30 FIGURE,23 is a schematic

di agram of another desalination systemin which the

vapor |eaving the final evaporator is condensed and

dpyphafgede ian sobsedurpé \WRREODS/VAFIARtor 20a that is
/ 5 2 | artpcul ar odi ments. _The

S earar FRotEn ) RatthBe Rl iy RrafORRPhlog) SerdlE.

concertcaRed Dei ngsouspusrdphne sHéwingt efthevapes@ir S heat

20, heat exchangers 22, and jet ejector 92 are ,

SFRTPEPTt oCPREL HESEPF nftS oft sYEPEM 220 of FHIIRE PP side

thepdeaalii-pat inpy syshem i er 8 hpWeNelirel N dference
the input Iine of the jet ejector 92 Ts coupled to
bhrewsevondheatEmdsrapaat eteadc. afd GURE 1249 swater. The

schemati.c di agram of a.desalination _system using two
A R e g ST U Pras S s L SR

EVapeiaholofl Sc6AAERESAY- ande ditstiprgetrel NaRECcehdanderall
with particul ar enbodi nents. This enbodinment is

SPRPPAR 1St e fdegamiarat ih shetenr210P6f Prdgre 12y isteam
that gesalidalLea,syst em; g4Q,.al 50 gﬁgﬁ’?a S84 €8n8l overall

evaporators 20, each operating at ferent salt 15
bentent takinsder] n e fgareindul arriemsodi mhramatowaidry,  as

| .wat er. t 20 d 20d h th
Gl ERralT O8] obPaPo83TuF RS BIRESSIS ( neo 1 FR1 2040

aRevese®ORd t2Aptaleire6VaROral OTiF Filc18ad SOt aNirt frop-
their own dedicated jet ejector 92. However, it

m
pésgo apprerrateent hathiHy Pt hélrmﬁéﬁlCé&&fzforla%E%i\? heat
£4an-240  24g, Of f%ﬂﬁi-&%ebe EORALALE oM th thed Ly wige

own jet ejectors 92.
condensation 1is promoted with a hydrophobic surface

(e.g., gold, chrome, silver, titanium nitride, Teflon).
A preferred hydrophobic surface is created by covalently
bonding a monolayer of hydrophobic organic chemicals
directly to the surface of a metal (copper) heat
exchanger using diazonium chemistry.

Above 248°F (120°C), there is a tendency for
seawater to deposit scale onto heat exchanger surfaces.
In general, it is desirable that the saltwater side of
the heat exchanger should be nonstick. Above 248°F

(120°C), a non-stick surface is particularly useful if

calcium, magnesium, sulfate and carbonate ions are
present in the water. If the heat exchanger is made from
titanium, it naturally has a nonstick surface. It 1is

also possible to coat metal with nonstick surfaces, such

as the following:
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FIGURE 25 is a schematic diagram of a desalination
systemin which the vapor leaving the initia

weraposxsdr 25 is condensed and di scharged, iPCT/US2007/080954

accordance with particul ar enbodi nents. The salt water
intake line 12, water out puj line 14, concentrated

brine output line 16, and mé&er evaporators 20 are
simlar to the desalination system 210 of FlIGURE 22.

The desal iaati ofe8ysem@BX 13Q di Phéos howeaér i n t MatPont
degas%e? feed Iin%}ﬁﬁtis coupled to ter _eva Q%ator

20a CRat LS hOLS disdaTy Eoupradct 9% he 81 SrectEre can
92. Thasthsn tegpssgeufeedofineod@. is WO 2008/ 045943

PCT/ US2007/ 080954 30 coupled to a subsequent water
evapor at orP20a RhapipEm geRnder st d r dnreheceadeadeyed by

vat erpeyaPeEal ko lat {@bhy oEhFHER POLS1 s BEAPN

showi ng the overa eat transfer coefficient as a
function of.condemgiung- sildeini za¢nper ataff e aadbbhe steel,

overall.te rature difference be t he condensi ng

ot eantRhUEHB B ohSEd e RSB g Bt ERERe L DUl ol |

heat transfier coebit€i eBhtangd off UALEMORURf carbon steel,
condensi ng-si de tenperature and the overal

t enpePht Gedadi frgrehcel FATPRSet (R R CEIRR.NSPA§1de) or

st ea boi{ing water. This graph shows that the
overgFgg/ﬁgg% ?%g%gfer coefficient rises dramatically

as condensing-sidenfenpenatuiés, i nticaseumo @babtide, or

340F. ., Above this tenperature,, it is difficult t

o i GRERT 0P, WPSE eBndombi i wibeh negysicel  vapor
dramegépakhiyibgtter heat 15 transfer than filmw se
condensation. Drop-wi se condensation is pronoted with

a hydfspholsicatdmdmacecut@. e, agpgtldekhkeonthesigidg of the
hil ”i&%ﬂ‘érﬁﬁéﬁe’ él-gglfl o) . xegﬁa%)éc?f &1J edpyor OPhaliG yater
surface is created by covalently bonding a nonolayer
oflehytlyophdie c basgametahewocdkds @ngisectdfy &0 ddlewater-
%gg]‘igggngf n?at‘[ree%flalzl,(cgel%%r)age%{aval or admiralty brass.
Using this approach, should the coating fail, the heat
exchanger may foul but it would not perforate or leak.

At lower temperatures (< ca. 120°C), the nonstick
surface may not be necessary; however, saltwater
resistance can be imparted by cathodic-arc vapor
deposition of titanium on other metals, such as aluminum
or carbon steel.

As an alternative to coating the metal surface, it
is possible to bond a thin polymer film -such as PVDF
(polyvinylidenedifluoride) or PTFE - using adhesives
and/or heat lamination.

If fouling does occur, the heat exchanger could be

taken out of service temporarily to clean the surfaces

with dilute acids or other appropriate cleaners.



exchanger using di azonium chem stry. Above 248F

(120C), there is a tendency for seawater to deposit
waeaBme49mi 0 heat exchanger surfaces. | n generBCT/US1007/680954

desirable that the saltwater side of 25 the heat

exchanger shoul d be nonstick,, Above 248F (120C), a

non-stick surface is particularly useful if calcium

magnesi um sulfate and carbonate ions are present in

t he mal‘ehouglfl the heateskchamgerips hadebbe@mdescribed in

titani Cgaturally has_a. ngwst ck _.surface. I@%
39743 po“%? TS codt METARW Th noftdTk SlYI’afrc’:Jt' g NS
SUebBra@sohfe fofd o gia BN 086045%8difications may be
PCT/ US2007/ 080954 31 a._Teflon coating onto netal.

PugonEted; F?e%rﬁé‘?@?%n%o&??n@éftusé&i@ ot t c A6k idrtended
S 90 u C
ARt E?ﬁ gﬁte%g@ﬁea §n@£o@ Q{; aéé msplaﬁm AhBes,

ard a 5 PTFE yt etrafluoro
eahg'zaehel)lm ncI usadmeratlmasuum al lummsi@trmamlohscar bon and

8 h{) {: owed b ard anodi zi n and PTF |nc usi on. £
‘80 thpad l%%%t Pig I}ﬁn% 11&a B&n Sﬁleré AaYRF ©

thS§ppéhae&P§1§p@gyphenylene sul fide) or 10 PPS/ PTFE
alloy. e. titaniumnitride, titanium carbide, or
titani um boride applied by physical vapor deposition.
Such coatings would be applied to the side of the 15
heat exchanger that is exposed to the hot saltwater.

I deally, the base netal would consist of a saltwater-
resistant material, such as naval or admralty brass.
Usi ng this approach, should the coating fail, the heat
exchanger may foul but it would not perforate or | eak.
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20 At lower tenperatures (< ca. 1200C), the nonstick
surface may not be necessary; however, saltwater

WO e®sssmmte can be inparted by cat hodi c-arc vapor/us2007/080954

deposition of titaniumon other netals, such as

al um num or carbon steel. As an alternative to

coating the netal surface, i is possible to bond a

thin polynmer film-such as PVDF

Whatyibngladeaddist uori de) or PTFE - using adhesives

and/or heaj Lamnation. I1f fouling does. occur, the

heat &xchangeF-cotla H2” 36°taRenBR T8+ Ser vi ce

t enpoaarplyrd it} eaff t Beapbrhnces Wrgridildy eaacidsast a

or other appropriate cleaners. W 2008/ 045943 _

PETPUS2007POBB9SE 324 A} hotdfht t RVIRVERIAT i nagitansted  in

baschaengdeschiBRd Jon s6uar &l enbodi oeot 5, aoﬁvgsﬁg in a

of changes, variations, alterations, transformations,

hnineoddicaioons noagalses saggesiedbiranenesskitied ipasses
e art, dit.is intended 5 that the present .

HigeRbhonBiRc chpiutal LhEn ‘Eharpiarordtirrar gt the  firse

alrbpoahtenstokaanst onaul hepsevapdrap®di fications as

falling wthin the spirit and scope of the appended

cl ai n8. PHOIAB H008PE45REE PETFUSPISTF080954 inpat Wakt each

%ﬁﬁgg?mg ic%'u\ﬁtedA desaki w%gy.éy%t%qqe%%wei S&?&?:rgfa; the
5

Ity of evaporators conprising east a
plapailatgrodnbeat| asthengposatangd arranged in

cascadi ng fashi on such that concentration of salt in
2 br 1 fie SRPATI GPTIT o SUP LD { 1@ bAtnel8OPhLiGRe of | the

$@§§§$ityhbgughapbgapbygality of evaporators fromthe
I rst

2. The system of Claim 1, wherein each of heat
exchangers are arranged such that a temperature of the
brine solution is increased before the brine solution

enters the respective evaporator.

3. The system of Claim 1, wherein each of heat
exchangers are arranged such that a temperature of the
brine solution is decreased before the brine solution

enters the respective evaporator.

4. The system of Claim 1, wherein the plurality of
evaporators are further arranged in cascading fashion
such that the pressure of each evaporator increases from

the first evaporator to the last evaporator.

5. The system of Claim 1, wherein the plurality of

evaporators are further arranged in cascading fashion
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evaporator towards the |ast evaporator; a plurality of
heat exchangers, an input of each 10 evaporator

w@ouwphed43 0 at | east a respective one of the PET/IUSI001/480954

of heat exchangers; and a vapor source coupled to at
| east one of the plurality of evaporators. 15 2. The
systemof Claiml1l, wherein each of heat exchangers
are arranged such that a tenperature of the brine
§BFbHt thati ShendrerBrve?br eache ehppprasorutdesweases from
ERLeE S LPCLERRRCLLYC EVRRA! FLOE - o708 adle SYStem of
aiml, erelrn each of hea exc é%gers are arranged
such that a tenperature of the brine solutionis
decreased before the brine solution _enters the o
respebti velBGapofHitdt. °35 9la¥he Lystemtherg epmpyising a
phepeidduiednl td akhty ffrs teVARPB ML S ar end UBLBBT operable
arranged i n cascadi ng fashion ‘such that the pressure
bp euphRlyvhper Giveti avrpasetofruntht beefbrsme solution.
evaporator to the last evaporator. 30 5. The system of
Caiml1, wherein the plurality of evaporators are
further arrhagesystencascadCbgihashi ofuWOh2808¢O45943ing a
PCT/ US2007/ Q80954 34 such that the pressure of each
BYERBoFatBredetPeibEs PREME VRS TALFSY &g ERbPREF A HE to
kagh19vener ahet - ebapdhersysyemofnd B mid, sb it 168 .
conprising a 5 punp coupled to the first evaporator,
the punp operable to supply the first evaporator with
t he bygine Lution, 7. .The systemof C.aiml1, further
conpr?éing§§e %H%%e%086|§§a%§ Fhewﬁggflgvgﬁﬁrgﬁﬁgrtﬁﬂyrce
punpraopesabl eotnpretBosuppkyabhe ktasicoayparersazorfild along
the brine solution. 8. The systemof Caim1l, wherein
VhEDVEpY¥APSBur ce conprises a conpressor operable to
conpress a fluid al ong

9. The system of Claim 1, wherein the vapor source

comprises a Rankin cycle compressor.

10. The system of Claim 1, wherein the vapor source

is driven by a Brayton cycle engine.

11. The system of Claim 1, wherein the vapor source

comprises a jet ejector.

12. The system of Claim 10, wherein the jet ejector

is supplied with high-pressure steam from a steam boiler.

13. The system of Claim 1, wherein the vapor source

is coupled to the last evaporator.

14. The system of Claim 1, wherein the vapor source

is coupled to the 1last evaporator and at least one
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with a vapor. 15 9. The systemof Claim1, wherein the
vapor source conprises a Rankin cycle conpressor. 10.

wah@ssywsem of Claim1l, wherein the vapor sourPeI/UDD0T/630954

driven by a Brayton cycle engine. 11. The system of
Caim1, wherein the vapor sgurce conprises a jet
ejector. 25 12. The systemof C aim 10, wherein the

jet ejector is supplied with high-pressure steamfrom
2ddibapndbi | ¥raponE oThdWy stlémsof taRAI nthe whdpehity of

ource is coupled to the | ast evaporator.
%ggﬁﬁ?ggéggéysten1of Caim1, wherein the vapor source

is coupled to the | ast evaporator and at |east one WO
2008/ 045943 PCT/ US2007/.080954 _35 ddition@ _
evapor at or - Bt SY858™t Rhn“t-AéMpfhur FPEyiss the plurality of
8Yaperaters. dompdheesyst epnoft-a®ialm de V\Q\%;%f_laﬂ&.ef plate

plurality of 5 evaporators conprisSes a plurality of
BRapdr attdre pPHRROTPRPY s Plitie epapsf atdsilasmes piFBin the

QL&%E?&?QM t%grétrﬂﬁ S"a@%%EOf%ng)%&?tgra. fpilra‘%te of an
evaporator plate of 'an” evaporator plate pa
coaporsesra platal igaiof coapirisephenl caludaptes @nhd semi -
second evaporator plate of the 10 evaporatorEPIate
EBP?IESﬁfaridslé‘?]&SpI%?%l Pt ys%?o%%nfyaQBHéFPEal Idhfpl 8§, the
ea5podhpple ﬁﬁat@ggﬁuﬁan%%%rﬁ%%%'oa bPuPéEY@?ﬁ of semi-
| ateral nmovenment of the evaporate plates. 16. The
spbethral QizipheB, Rtk Aimhéeplhavalna ya ofonggve portion

£ ?‘g%%ﬁgs 14P0RSY Srﬁévé‘m&'?{z‘ ' S‘lt: ¥ Oév??g)’é‘Pé’{ n;{g{a@é te
pairs coated rn a | ayer of water-repeliing erral.
17. The systemof Caiml1, further conprising a

16. The system of Claim 1, wherein the plurality of
evaporators comprises a plurality of evaporator plate

pairs coated in a layer of water-repelling material.

17. The system of Claim 1, further comprising a
plurality of jet ejectors within each evaporator of the
plurality of evaporators, the jet ejectors operable to
agitate the |brine solution within the respective

evaporator.

18. The system of Claim 1, further comprising an
ion exchanger through which the brine solution passes
before entering any evaporator of the plurality of
evaporators, the ion exchanger operable to selectively

removes sulfate ions.



10

15

20

25

30

plurality of jet ejectors within each evaporator of
the 20 plurality of evaporators, the jet ejectors

wWop@saides t o agitate the brine solution w thi nPETES2007/080954

respective evaporator. 18. The systemof Caiml1,

further conprising an 25 iqgéexchanger t hrough whi ch

the brine sol ution passes efore entering any

evaporator of the plurality of evaporators, the ion

exchah@er opeealslysten sef eClavwl y8,r efwvelsesukbapeising a
V[%Z 08/0 943 .PCT/ US2007/ O 0954l §6 19. g e

sys %1 I%uﬁ&her cdﬁ%? si Rg~8-Hxi n

QODﬁﬁL@hﬂgbéﬂngCldli@HUtwﬁﬁh th&ebrbmﬂd.S@dﬂddﬂbdﬂﬂﬂéfore

m xed with the acid solution before entering the ion

BRERAMGEr TS 207 THEPIYEEEm of Caim 1, further

conprising a vacuum stripper operable to renove

carbon dioxide from the brine solution before it

enter%OanyTbeapﬁM%ﬂ@m @ﬁftﬁéahpldnalfuytbbr comprising a

938 S%a% Sy %9 21 gl % In C %ﬁo

Copr T siTg HP S abPRET ¥ té?lﬁ? ggﬁaréi Ibpg?gﬁFgetgrom

8Hd Bbrasi ¥elulabAar bakote thechtiene sehutdepefiere Jit the

enters any _evaporator of the plurality of

E%Bﬁ%?é?ﬁr@f §BaporatpESsystem of Caim 1, further

conprising a precipitate material separator operable

to add precipitate material to the brine solution

befor2lit Teetensstamy efaglmdorlof fthehwmwrabipyising an

evapor at or 0. des nation te | sing: .

ST ST T e S e CERGEE SR

material to the brine solution before it enters any

nbrlne

evaporator of the plurality of evaporators.

22. The system of Claim 1, further comprising a
precipitate material separator operable to add
precipitate material to the brine solution before it

enters any evaporator of the plurality of evaporators.

23. A desalination system comprising:

a plurality of evaporators comprising at 1least a
first evaporator and a last evaporator arranged in
cascading fashion such that a concentration of salt in a
brine solution increases as the brine solution passes
through the plurality of evaporators from the first
evaporator towards the last evaporator; and

a plurality of vapor sources, each wvapor source

coupled to at least one of the plurality of evaporators.

24. The system of Claim 23, wherein a number of the
plurality of evaporators is equal to a number of the

plurality of vapor sources and each evaporator of the
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first evaporator and a | ast evaporator arranged in
cascadi ng fashion such that a concentration of salt in

W@2008/0439¢3 sol uti on i ncreases as the brine sol up@CDES2007/080954

passes 25 through the plurality of evaporators from
the first evaporator towardg,the |ast evaporator; and
a plurality of vapor sources, each vapor source
coupled to at |east one of the plurality of
BvHEpBLatsr 8f <y@rpratpys sisteenpied b nr28liffilearesitn vapor
i r rs_Is equal to a
%g g% g% %ﬁg B%ﬁﬁgg#ﬁyyggfs%gggrgé%ﬁ?%%s and each
evaporat or of the WD 2008/ 045943 PCT/ US2007/ 080954 37
plurality o% ev%porator is coupled to a different
250Ut S pﬁ’gr SHPER of 3 vapibeTsdtr s, 198st one

vapor “°sou

T8Bosysbamtef o€l ahm 23urwherel Brat, RSt M e i\@g,‘yupled
source of the plurality of vapor sources is couple

te & f ifigstnumelPedf cdvapuproortoss tdfe pher abluyabity of
, ' beij ter th :
SYIORELALE, LRE LSt BUIBeL BELEY BERIFL et O

second nunber of heat exchangers, the second nunber
being_ _one_ | ess than the first nunber, each of the

second®nunbef SIS HEat Obx Harider &3 codpiddiato sREPHEsing a

58808 ARORMBEST §fOheathe RhULabILY @hee\LRRSLRAT AR SyRYC e |
tha? each heat exgﬁanger ofafhe secgnd nunber oféhegflng

erehanger shpn thef fingstonambgrheenstn ofwthef stelvenid msimber
r. . of v rators. 27. The systempof Claim 23
?ﬁr %at exé%éﬂﬁ%fg éé?@é%d Lo oﬁé o{nﬁ%?egv?goFﬁgors of

er conprising a exchanger co

thest pdvaparator @hd e28popetabke tsacdheattide behBR heat
solution prior to the brine solution entering the

FYFRENaTEpdtiat 51 28SCTRE SYLIRAH o Ol BFRAT 2 XGRS 1S
Hfaﬁc@wﬁénw K RROT EQYT C&x COPRLT s6s &Pl uhalbly of
(0]

evaporators.

27. The system of Claim 23, further comprising a
heat exchanger coupled to the first evaporator and
operable to heat the brine solution prior to the brine

solution entering the first evaporator.

28. The system of Claim 23, wherein the plurality
of vapor sources comprises a plurality of
converging/diverging pipes having a turbine disposed

therein.

29. The system of Claim 23, wherein the plurality
of vapor sources comprise a plurality of venturis, each

venturi comprising an impeller.
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25 convergi ng/ di vergi ng pi pes having a turbine
di sposed therein. 29. The systemof Caim 23, wherein

wao b@spkimnl ity of vapor sources conprise a plRCHUB1097/080954

of venturis, each 30 venturi conprising an inpeller

WO 2008/ 045943 PCT/ US2007/ 080954 38 30. The system of
Claim?29, further conprising a plurality of flow

strai ghteners, each flow strai ghtener wthin one of

the pBQOral Thy cfysteam upfs GledimloRdAst riamrhlefr thwprising a

] . 531 he t. f Caim?2 erein the
PRRERLEEY opfiode P ERkRher S, A4tk o B e i emer
aiphop phaner tB2. plheadystemfofvedtaimms?2dnaveneidt dden of
i mpel.l er _10 conprises a ducted fan operable for use
hiBPfeteEngi ne of an airplane. 33. The system of
Claim 23, wherein the plurality of vapor sources
conprises a plurality of jet ejectors. 15 34. The
syst edlof Thai my3Zemhefeiflagach26f twerqilur ahet yingfeller

] ej. ors_is f hi gh-pressure_vapor from a
EERrLEEhr nEtas e SRS EEE RS oF S PRy wat B fenm, Rine.
conpressor is fed | ow pressure vapor fromeach of the
plurality of evaporators. 36. The system of C aim 34,

wher eP A -t h&EorfifE<s8or of 257431 ed 9 meditfiipiressliee impeller

; e hiLy f Jje&t . ejector: ;
{R0BCSLESTACPSR S, K18 PRAEARILY 581 o AB e Fhone

eVaporatorsapenprise a plurality of evaporator plate
30 pairs, the evaporator plate pairs displaced within
t he

33. The system of Claim 23, wherein the plurality

of vapor sources comprises a plurality of jet ejectors.

34. The sgsystem of Claim 33, wherein each of the
plurality of jet ejectors is fed high-pressure vapor from

a compressor.

35. The system of Claim 34, wherein the compressor
is fed low-pressure vapor from each of the plurality of

evaporators.

36. The system of Claim 34, wherein the compressor
is fed medium pressure vapor from each of the plurality

of jet ejectors.

37. The system of Claim 23, wherein the plurality
of evaporators comprise a plurality of evaporator plate
pairs, the evaporator plate pairs displaced within the
evaporators wherein a first evaporator plate of an

evaporator plate pair comprises a plurality of semi-
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evaporators wherein a first evaporator plate of an
evaporator plate pair conprises a plurality of sem WO

WQQO®8HE9ED43 PCT/ US2007/ 080954 39 spherical dpempism07/080954

and a second evaporator plate of the evaporator plate
pair conprises a plurality ofgsem - spherical dinples,
each di npl e having a concave portion to prevent

| ateral novenment of the evaporate plates.. 5 38. The
ShheEaral QMRS anferei PeEPRA pRURRPIrBfFOrofplate of the

S i : ity of e r plate .
EYAROEALOLS SPIPE 382 WAL, of FXAROATLEL LAY Gens-
§Ph89icThe dygptiem,ofeddlai aidBlef traivierg conpbnshatg Portion

Eluralit¥ oﬁ | et fjectors wi thi n each evaporat or of
RePEBY NGl 12)bPLcUaBOPaRbrar the TERAFrty BFajet -
ejectors operable to agitate the brine solution

within the respective evaporator. 15 40. The system

of O agm 23Bhef gvishem cohpfilaing 23n Weerekehshgemrlurality

r ' t [ SQ [.on e efore
ki SuaRoua sl Negbrne ol WLOBPE e BAfibaror paace
paapsradarsd theai bayexchbangeteopeepbl eihg seteciavel y

20 renoves sulfate ions. 41. The system of Caim40

further conprising a mxing bin containing an acid

solutgen, the yjdien sgkutdinipebsg iAW t BohPfising a
acid solution before 25 entering the ion exchanger.
pRurghetyysifenieof €iafhr2s, wiiihtihereasgnpevappaor of the

. st ripper. operable to e._car.bon dioxide fro
%ﬁé%ﬁﬁ g%OU%Y%@O%%%fSe’ i Fﬁgg?)\gﬁlgagr%%yev%%opggorejoefc ors
bperaBlepl woal idgh teft evapos atior sne Ws300Q84045943 thin  the

PCT/ US2007/ 080954
respective evaporator.

40. The system of Claim 23, further comprising an
ion exchanger through which the brine solution passes
before entering any evaporator of the plurality of
evaporators, the ion exchanger operable to selectively

removes sulfate ions.

41. The system of Claim 40, further comprising a
mixing bin containing an acid solution, the brine
solution being mixed with the acid solution before

entering the ion exchanger.

42. The system of Claim 23, further comprising a
vacuum stripper operable to remove carbon dioxide from
the brine solution before it enters any evaporator of the

plurality of evaporators.
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40 43. The systemof Caim 23, further conprising an
abrasive material separator operable to add abrasive

wWOorai0s/04mk3 t o the brine solution before it entePGI/HSR007/080954

evaporator of the plurality of evaporators. 5 44. The
system of Caim?23, further ggnprising a precipitate

mat eri al separator operable to add precipitate

material to the brine solution before it enters any
evapofator TBe thetsuref i €yadm &rapofaroher tOMPEisAng an

gﬁkgggvgormggéékgfat.ggaﬁaeékne?ﬁgégé%gn tgoqg&58irggasive
recelving a brine solution; heafing the brine sol ution
pateritd the nome Ifidiest isldled iwat ebe€okeri ng aefitdsd any

evaporator of a plurality of evaporators; distilling
?H@BBF? 8rs8FuFP8npiHF6ié¥§O?Fi%HQB?raH?E?iIIed li quid
and a reduced anmount brine solution, the reduced

anmount of brine solution being nore concentrated 20

than the bFhfe sxB1tam oAfprdlerin o2ent dirtdrathechbinpstising a

. punpi .Lhe reduc unt_of brine
g%?g??gggﬁﬁroug tg%ﬁeﬁpluré%#%%%(aqpevaﬁé?ﬁggig; to add
phercéphtpuapi mgtéheal edugedheanbutiheof sbLubEoROI TS it

through the plurality of 25 evaporators_conprises:
RBLEF gaPHeegéﬁaﬁéaoénBEth%fP%FFﬁ%lEBI%Fi%ﬁaP%F?B?r¥o
the reduced non-distilled water entering a subsequent
evaporator of the plurality of evaporators; and 30
di sti #hi ngAt heekbddcefiobri desablnatbrg i i o krimpor tianition
8&m8£§§&£5?d liquid and a further reduced anount

receiving a brine solution;

heating the Dbrine solution prior to the non-
distilled water entering a first evaporator of a
plurality of evaporators;

distilling the brine solution into a portion of
distilled liquid and a reduced amount brine solution, the
reduced amount of brine solution being more concentrated
than the brine solution prior to entering the first
evaporator;

pumping the reduced amount of brine solution through
the plurality of evaporators; wherein pumping the reduced
amount of Dbrine solution through the plurality of
evaporators comprises:

heating the reduced amount of brine solution
prior to the reduced non-distilled water entering a
subsequent evaporator of the plurality of evaporators;
and
distilling the reduced brine solution into a

portion of distilled liquid and a further reduced amount

brine solution, the further reduced portion of brine
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brine solution, the further reduced portion of brine
WD 2008/ 045943 PCT/ US2007/ 080954 41 sol uti on being

woros/oecvmtent rat ed t han the reduced anpunt  of POT/USZH07/080954

solution prior to entering the subsequent evaporator;

and upon a |ast evaporator of,the plurality of 5
evaporators distilling the further reduced portion of

bri ne solution, discharging the further reduced

pelttsAn @ﬁlﬁg|m9¥§ﬂQﬁﬁ@ﬁﬂ%@ﬁt&@céh@naﬁéd pecded, amount

é@ Eggng‘e”& ?L og al @l%? furt hert C?al%pg:rl—ﬁgngsq%equent

generafing a rat st eam of vapor
éiapbratoeananfi vapor to the | ast evaporator of the

plurality of evi orators; and for each evaporator _of
the pMBPRIi 8 of28FapdRRBohenttat ithf wi PRHRaLREY of

evaperatersa §esonthide tHLam @k eaPoLoq8Rd3 portion of
transporting the second stream of vapor to a

bubsequeniutevapor at erhariginghéheet fliodtlofr Cirednc4@, portion
%@eﬁﬁhﬂe988§£€£bﬂga$h gcenEratgareaghgéFvapor

rises mx cofpr ess he sol ution
or dlstllled I|qU|d with the vapor. 48. The nethod of
d a|w146 wherei n generating a 25 first stream of
vapor éonp?h%e@etﬁgﬂePgtFﬁﬁl% hP ghf Pr RS- eoBP¥ Eaknf

vaporgeaegatgﬁgbanfngswﬂghkaaﬁ b?tv§g8f$°r the
hi gh- pressure “stream of vapor wth OW- pressure

streahréflSpapmnﬁr_@ﬂme _tﬂﬂers’rtassteeatpopat orgpdtheto the last
R i AR S SRR s P T
for each evaporator of the plurality of evaporators:
generating within the evaporator a second
stream of vapor; and
transporting the second stream of vapor to a

subsequent evaporator.

47. The method of Claim 46, wherein generating a
first stream of vapor <comprises mixing within a
compressor brine solution or distilled 1liquid with the

vapor.

48. The method of Claim 46, wherein generating a
first stream of vapor comprises:

generating a high-pressure stream of vapor; and

combining within a jet ejector the high-pressure
stream of vapor with a low-pressure stream of vapor from
the last evaporator, the combination resulting in the

first stream of vapor.
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49. The nethod of C aim45, further conprising:
generating a first stream of vapor; transporting the

WO 20080483 eam of vapor to the first evaporat oPCDUSI00E080954

plurality of evaporators; and 5 for each evaporator of
the plurality of evaporators;, generating within the
evaporator a second stream of vapor; and transporting
the second stream of vapor to a subsequent

evapot &t or Tha gngphodhef ngtabe 4%, darPhes, coier &5 ing:

ener cfirst. e Y ri ses mxing

wi thi %Q]g%g}r%%e{issko%§%§i%g}és’% BT sti Tl ed

l'i qui dramsbothengvaper £itst5ktrEem nef hedpof ChbaithedFirst
%/her ei nF%eneEati ng rst stream of vapor conprises:

:
BRROLTERE O h G PFSSaht o <OF ol RA TR EphT

conbi AbAGe ik hePaBot&tof] £ O tHEL R O PrEs S Soordors :
stream of vapor wth a | ow pressure stream of vapor
fromthe fg¢REraVaper avéthinhe tdenbi ereaperatesul &i ngecond

in th L rSteS 1 O apor. 52. The nethod of Caim
51, f%ﬁ%%r? %gééﬁgghggn%S agitating the brine

sol uti on witdmspeacingvaper atecond dtheap usal Mapef to a
evaporators with a plurality of jet ejectors within

each BV3POFATOr of2PPE2pPEirality of evaporators. 30

53. The nethod of Caimb51, further conprising

exchanging ions within the brine solution in an ion WO
2008/ 93594BheCTaisza0 79 D854 M 485 ex ai@nsem bae¢oeratheg a

Pifgg Sgegééglegker§R§Q%:eV988£§£8£s mixing within a
compressor brine solution or distilled liquid with the

vapor.

51. The method of Claim 45, wherein generating a
first stream of vapor comprises:

generating a high-pressure stream of vapor; and

combining within a jet ejector the high-pressure
stream of vapor with a low-pressure stream of vapor from
the first evaporator, the combination resulting in the

first stream of wvapor.

52. The method of Claim 51, further comprising
agitating the brine solution within each evaporator of
the plurality of evaporators with a plurality of jet
ejectors within each evaporator of the plurality of

evaporators.

53. The method of Claim 51, further comprising

exchanging ions within the brine solution in an ion
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of the plurality of evaporators through which the. 54.
The nmethod of Claim53, further conprising 5 m xing

w@pooaoisd4sol ution with the brine sol ution bef orer/USiva7/080954

brine solution enters the ion exchanger. 55. The

met hod of O aim45, further gonprising renoving

carbon di oxide fromthe brine solution before it 10

enters any evaporator of the plurality of evaporators.

SEChIRgeHePREBTBf thRabmins, solitieon comsrissiany eihfiowptor
asi rial LN i on. befor it

g e e T I SIS LI LR

15 57. The nethod of Claim45, further conprising

addi ng a precipitate terial. to the brine solution | |

beforg4rt eﬁ?§r§m%ﬁ@°£3éﬁ%rgﬁéﬂmof5§he PRrEFRET t PP rising

RAYAPAGAA] Sac28 2B1ukilc ®leet @heCAUPIAS| B81uBion before

pathway conprising at a first end a first inlet

Bper AplLBet ot BEEPRecAt W PRestoneexelpargst r eam and at

a second end, opposite the first end, a first outlet

25 operable to expel a nedium pressure vapor stream

and ashi ghTheessstkodel b¥erglabahars smootyied tmgiesing

at hway and operable to rel ease a_hi gh-pressure vapor .
BEPEXATPnCOTDRE PORFPRESEEPE FEBoPTeN oMY IoPadedore it

wheeekNadyf Lishoshegde b8 Hpst %féfwit@_ &98&@%@9 hto§9.

59. The jet ejector of Caim58, wherein the high-

pressure delivery nechani smconprises a plurality of

WO 2003/ 04 3 2007/ 080954 44 nozzl.es wherein .a.
first Q%Un‘oggéof[ﬁ%{éggl ucggl i ?@a%ﬁl 4n‘rb’zz I %usrt:nreer arcroér}P&eldg g
adaing the gpaEigivtcemafemital edsSt th8ebrine solution before

it enters any evaporator of the plurality of evaporators.

57. The method of Claim 45, further comprising
adding a precipitate material to the brine solution
before it enters any evaporator of the plurality of

evaporators.

58. A jet ejector comprising:

a pathway comprising at a first end a first inlet
operable to receive a low-pressure vapor stream and at a
second end, opposite the first end, a first outlet
operable to expel a medium pressure vapor stream; and

a high-pressure delivery mechanism coupled to the
pathway and operable to release a high-pressure vapor
stream into the Ilow-pressure vapor stream in stages,

wherein a first stage is upstream of a last stage.

59. The jet ejector of Claim 58, wherein the high-

pressure delivery mechanism comprises a plurality of
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addi tional nozzle, the at |east one additional nozzle
bei ng downstream of the first nunber of the plurality

wo@boosh439ax zl es. 60. They jet ejector of C ai mB@I/US2007/080954

wherein the high- pressure delivery mechani sm

conprises three nozzles arrgpged around the perineter

of a fourth nozzle such 10 that the three nozzles

around the perinmeter are equidistant from each other
BREZGLESt r ¥ARTELTt he fBb¥Feh Therbes. of. Uhe jelurality of

EEEQEQE %&ec%ﬁ&%bgéd %E%bﬂ%ﬁg5ﬂg$%ﬂ§¥éPM®§f%ftfggst one
conprises a restricted passage, ‘the restricte
pddsadgewnay bmeénglear rohwer athaleddie fdmest adandiandlt heozzle

econd end and extendi.n | ong a portion of the ,
&Rl OM@ST TEREN OF |'difgt PLETC t RERSE hitdy Fhgnd lrality of
hbghipsessure delivery nechanismis coupled to 20 the

pat hway so that the high-pressure delivery nmechani sm
is operable to rel ease the high-pressure vapor stream

nggagge p%ﬁ§9g?@@yeEEQQEﬁd%Ei%fgyalgﬁﬁrwﬁgfgﬁn the high-
pressure delivery mechanism comprises three nozzles
arranged around the perimeter of a fourth nozzle such
that the three nozzles around the perimeter are

equidistant from each other and upstream of the fourth

nozzle.

61. The jet ejector of Claim 58, wherein:

the pathway further comprises a restricted passage,
the restricted passageway being narrower than the first
end and the second end and extending along a portion of
the pathway less than a length of the pathway; and

the high-pressure delivery mechanism is coupled to
the pathway so that the high-pressure delivery mechanism
is operable to release the high-pressure vapor stream

into the passageway from within the restricted passage.



