; VWAKYe3e| dn6T~'~. 2 5 JUN~ ,., m TECHNI CAL FIELD The present i98®e
reIates to a desalination nethod 5 and a desalination apparatus tégg ngQﬂmz
used for desalinating raw water (e.g. saline water, sea mater by utilizing
a |l ocal unused waste heat source, or relates to a desal i nati on nmethod and a

desal|nat|on_apHMIﬁmwmmwmmm produce fresh water or suitable water, drinking
wat er or dem netigl r by 10 softening hard wa nple
BACKGROUND ART I n vasideus facilities) e.g. plants anﬁ@“&ﬂ %@ E ctures,
agricultural land, in inland areas, islands and dese S

difficult to obtain suitable water égécﬁfpiggﬁstrial use“m&wrnklng wat er or
agricultural water, and in nmany cas ecessary to transport wat er

by ship or truck or to Ia | I|t|es use,
a menmbrane or ot h& l\ﬁ atéﬁ%ﬁ?aﬁ@n%mﬁ ecessarlly

consune a e _anoun Fﬁh el ectric energy. 20 Wiile thermal or nucl ear
power p|anF§C§H&ng g reuse high tenperature waste heat to generate

electricity f ro t eam t ur nes ent?t. WPLeISWes § éi}'%l s P EHd Blodreat

energy is dlscha Ed PASSFAS varlous OW t enper at ur e
heat exi st Fnﬁi @ l:t?'tat;l%qpl [‘d ﬂfkalt)haZbS atx%mfsréﬁ W didd£1 aetng
egt an

terrestTia rment a eat Many plants or other facilities

having a vva%gve“;&%tr qUILE sagilqt@qmébmé%a{ eftidre) dgpiwei Bl iaegl aater or

wat er

local unused waste heat source, or relates to a desalination
method and a desalination apparatus that produce fresh water
' or suitable water, drinking water or demineralized water by
10 softening hard water, for example.
BACKGROUND ART
In various facilities, e.g. plants and marine
structures, agricultural land, in inland areas, islands and
desert regions, it is difficult to obtain suitable water for
15 industrial use, drinking water or agricultural water, and in
many cases, it 1s necessary to transport water by ship or
fruck or to lay pipelines. 1In other cases, these facilities
ﬁ use, a membrane or other types of desalination apparatus
that necessarily consume a large amount of electric energy.
20 While thermal or nuclear power plants and so forth
reuse high-temperature waste heat to generate electricity
from steam turbines, low-pressure steam and its potential
heat energy is discharged as waste. In fact, various kinds
of low-temperature heat exlst, for example, local (regional)
25 temperature differences, terrestrial heat, and fermentation
heat.
Many plants or other facilities having a waste heat

source as stated above require demineralized water or water



2 '~5 ,1U~! ~ havi ng a low inpurity content to operate. The techni que of
transporting such water by ship) truck or pipelines as stated above suffers

fromthe problemthat the cost of transportation, the constructi CQst s
and mai nt enance and 5 managenent costs are high. Menbranes or ot %5 3\jﬂe@”
of desalination apparatus consune a Iarg@ anount of electric energy, and
this also contributes to high operation costs. In order to efficiently
desal inate saline or hard water, vacuum evaporation type desalination

appar atuses have 10 been proposed. As conventional vacuum evaporation type
desal i nati on apparatuses in particular, those which use a flash systemor a
mul ti pl e- efiacingaa 9wt bnpimaity beemt ¢n b pos cepe ey erThe oreeim iowal of | ash
or nmultiple-effect 15 desalination apparatuses suffer fromthe di sadvant age
that the arntiRRSPPridR@rsucedvaber cow| $IP i ntesHder@tpetines gas and t he
anount of water discharged is correspondingly large, resulting in the need

for a greatStRerMtaRIve TRt ERGRfrom the |IREPPLSR it  the Heosit f9€rence in
tenperature 20 between a heat source used and cooling water is small
ef fici ency HeRAWTRATIRWORNAHE FOIFFEFLLRT ?%?F%a?’?‘gé“%ﬂ‘f"%?l??%?%n‘?nd
i R S LT e Cl L ey
vetveen, 2 WP LGS SR ATE OTARE, sl S ok oLt ERESSL P
appar at us. é?&&og?f,' r%&”t%s 'éléjé fééﬂ’fibﬁ@eé Ry %’fgr?féﬁ&&%yn costs.
Consequently, 177 a case ere a
In order to efficiently desalinate saline or hard
! water, vacuum evaporation type desalination apparatuses have
10 been proposed.
As conventional vacuum evaporation type desalination
apparatuses in particular, those which use a flash system or
a multiple-effect can system have been proposed.
However, conventional flash or multiple-effect
15 desalination apparatuses suffer from the disadvantage that
the amount of water used for cooling in condensers is large,
and the amount of water discharged is correspondingly large,
resulting in the need for a great amount of pump power.
In a flash system, if the difference in temperature
20 between a heat source used and cooling water is small,
efficiency becomes low, and it is difficult to realize an
efficient multiple-effect system. Similarly, the
conventional multiple-effect can system suffers from the
disadvantage that if a temperature difference between a heat
25 source used and cooling water is small, it is impossible to
increase the number of cans used to form a multiple-effect

desalination apparatus. Accordingly, it is difficult to

improve efficiency. Consequently, in a case where a



2 5 JUN 2~~2 3 tenperature difference between a heat source used and
cooling water is small) it is necessary to increase the heat traﬂg&u
surface area of the apparatus. This causes a rise in installatio MQH&
necessitates the use of a large 5 instal I3ati on area. Furthernore, because
both the systens use a continuous operation node, it is necessary to run a
fluid transfer punp) a vacuum punp, etc. at all tines. Consequently, the
anount of power consuned in the whole systemis large, and 10 efficiency is
| ow. Regarding a vacuum punp in particular, because a hi gh degree of vacuum
is produced in a | owtenperature condition, a |large amount of water vapor is
entrai ned iYeMRRE FYF LR ERNCTRe BFeeR, a dheak geovehpacisgdvardum punp

whi ch consunes a | arge anpunt of power is 15 required. The present

i nventi on WROHHE THLSH elf oIMahk: abbvbiicierrsaaryti Feulmerness) thadbretis

an object of the present i invention to gr ovi de a desalination nethod and a

desal i nati &F Lt IRERGR AL D Ohr bRRIcTPRAFRESh: watlet s 2024sgB| § Alse

duced t b ' d f_| t t te_h
Cner oy Sount PRATAH REEOR Rt b v RERSor CRRCER HRSWEROGE BolAoBacd.

DI SCL RE . 1o solve the above-descri bed problenms, according to
a 25 1‘OiS$Jst lgs;pée@i%ggiﬁleafen%énti on, a desalination nmethod for raw water

conprising the Stﬁfﬁtﬁﬁ%é%%,n%ﬁé@%éw Nﬁéeéa%%f%gs 3, 50N | D64t $RAGESs

means; (2) evacuating t Space neans pressurizing an I nside

thereof ;| (PpetPPiom Nhbde, “it s nécessary WD 2007 -fluia frhR¥rLenpampture
waste heat into the confined space neans so as to subject the

| owt enper &t WwLewastpuieatetdd dhealBW IRESl | Condegeontipediagagmoirans to
heat exchange and generate water vapor in the confined space neans; and (4)

5 'cool i ng tdfe pwpiet cAPDIméd Dbtehd whollést s¥seshwhsé eXarga, t Aranet hod
descri bed above, the step of evacuating is effected intermttently or at
opti onbd tiefifidimnaxaibpl kowf orRegardieg ea nvacadupepuop imr pagtibelairge of
starting the ' desalinating operation. 20 The confined space neans may
conpri se ab§igfjise a high degree of vacuum is produced in a low-
temperature condition, a large amount of water wvapor is
entrained in the extracted gas. Therefore, a large capacity
vacuum pump which consumes a large amount of power is
15 required.
The present invention was made in view of the above-
described circumstances, and it is an object of the present
invention to provide a desalination method and a
desalination apparatus capable of producing fresh waterxr
20 stably at reduced cost by making cascade use of low-
| temperature waste heat as an energy source, which has
heretofore been disposed of without being used.
DISCLOSURE OF INVENTION
To solve the above-described problems, according to a
25 first aspect of the invention, a desalination method for raw
water comprising the steps of: (1) supplying raw water into

a confined space means; (2) evacuating the confined space

means and depressurizing an inside thereof; (3) supplying



, evaporation can. Instead, the confined space neans nmay conprise a plurality
of evaporation cans which are connected in series, wherein the . U 02
| ow-t enperature waste heat is supplied into a 15 first: eve§por-atior_)265drr‘,| gr@
wherein in each pair of adjacent evaporation tans) the-downst-reanyside
evaporati on can receives water vapor fraom an upstreamside evaporation can,

' cools the water vapor with raw water in the downstream si de evaporation
can and thereby produces distilled water, and 20 al so heats the raw water
in the downstream si de evaporation can and generates water vapor. The

confined spgge,BRAbSa ¥FCQHBEES§EaE I?Jak'&a'c'hteycBEf%@BOEﬁ%EQ”mEQH% wRi ch
e to (4) abo

are connected i n paral r ows, erein the steps of (1) ( ve are

swi t ched oxsrtBrQﬂbgécen@hsV@ewr@&ﬁ@@:gaargowagegh%@a&oahhe&ﬁayrswable a

continuous desalinating operation. The step of supplying raw water into the

confined spager"eANELEOLbAE DRl §55E80NENNEVAEUARRRY kPR GQR! kARG _
~el ~Lhi f ~~D ~HEE' b’ 2 5 JUN Za~2 5 space neans whil e opening the confined

space neangeh OratE Wk VBt vaseHr £f. tiibecsBt hadaf bphber meBy scogRAi $£)a step
of discharging concentrated raw water out of the confined space neans and

this step taylbegefhechgter atipsr opendgaiheaddconiiined spaee. means to the
at nosphere, by opening the confined space neans and allow ng fl ow ng down
of the In the method described above, the step of evacuating
is effected intermittenfly or at optional time, for example,
for a predetermined period during the time of starting the
desalinating operation.
10 The confined space means may comprise a single
evaporation can.

Instead, the confined space means may comprise a
plurality of evaporation cans which are connected in series,
wherein the low-temperature waste heat is supplied into a

15 first evaporation can, and whe?ein in each pair of adjacent
evaporation cans, the downstream-side evaporation can
receives water vapor from an upstream-side evaporation can,

’ cools the water vapor with raw water in the downstream-side
evaporation can and'thereby produces distilled water, and

20 also heats the raw water in the downstream-side evaporation
can and generates water vapor.

The confined space means may comprises a plurality of
evaporation cans which are connected in parallel rows,
wherein the steps of (1) to (4) above are switched over from

25 one evaporation can to another to thereby enable a

continuous desalinating operation.
The step of supplying raw water into the confined

space means could be effected by evacuating the confined

MMENDED SHEET



concentrated raw water therefrom According to a second aspect of the

I nvention, a desalination apparatus includes a heat exchanger coop%g 'Jllﬂ 2002
10 with an evaporation can so as to subject |owtenperature waste at and
raw water in the evaporation can to heat exchange and generate water vapor

I n the evaporation can; a condenser coopkrating with a.raw water tank to
receive the water vapor fromthe evaporation can, cool the water vapor 15

by subjecting the water vapor and raw water in the raw water tank to heat
exchange and obtain distilled water; a distilled water tank for storing the

distilled ¥whek; mekagyUPhiBANSpERLE nBVRAGEALLAG 1 hRG BKaARRr a9l ¢aNasakdy
depressurizing the inside thereof for a predeterm ned period upon starting

20 -of a degatkpakblgceper ahkOne8RodSFLOtRE@NRLS Gonphalkicon @kepaber vapor
in the evaporation can; and raw water supply nmeans for supplying raw water
to the evagpsahbegifancoeent datgdt var Hiieehebuaspécthef cbh¢ihedeBpher, a
desal i nati on apparatus includes a heat exchanger cooperating 25 with an
evapor ati anesas sndashi® stubpesayl be téfpecatiur efvast epbaahgantder aw wat er
in-the evaporation can to heat exchange and generate water vapor in the
evapor &t i oroghimed spadenseznadapt ebet atmeespheret heywabeniugpohefromt he
~"1~~ 1'uL;cl~ ~>1-~~ C ~ 2 5 JUN 2002 5/1 evaporation can, cool the
wat er vapotonfinedj epa¢agnedmwes |and~ahlowing flowingj dbw@ ef~the

concentrated raw water therefrom.
According to a second aspect cof the invention, a
desalination apparatus includes a heat exchanger qooperating
10 with an evaporation can so as to subject low-temperature
waste heat and raw water in the evaporation can to heat
exchange and generate water vapor in the evaporation can; a
condenser cooperating with a. raw water tank to receive the
water vapor from @he evaporation can, cool the water vapor
15 by subjecting the water vapor and raw water in the raw water
tank to heat exchange and obtain distilled water; a
distilled water tank for storing the distilled water; vacuum
means for evacuating the evaporation can and depressurizing
the inside thereof for a predetermined period upon starting
20 of a desalinating operation so as to promote generation of
water vapor in the evaporation can; and raw water supply
means for supplying raw water to the evaporation can.
According to a further aspect of the invention, a
desalination apparatus includes a heat exchanger cooperating
25 with an evaporation can so as to subject low-temperature
waste heat and raw water in the evaporation can to heat
exchange and generate water vapor in the evaporation can; a

condenser adapted to receive the water vapor from the

AMENDED SHEET



., . " " - 25 JUN 2002 6 water vapor and cooling water to heat exchaafg zﬁﬁ
obtain distilled water; a distilled water tank for storing the dis I 2002

wat er; vacuum neans for evacuating the evaporation can and depressurizing

the inside thereof for a 5 predeterm ned period upon starting. of a

desal i nating operation so as to pronote5géneration of water vapor in the

evaporation can; and raw water supply neans for supplying , ~ raw water to

t he evaporation can. In the desalination apparatus described above) the 10

| owt enperature waste heat may consist of the potential heat of exhaust

st eam f r oOMe& agloRamilod Riahe b 1ehaet kaG cROWRHGeRes atigRdti g Rant. The

desal i nati on apparatus may be incorporated in series and/or parallel wth a

condenser of the steamturbine 15 for electric power generation, or can be

used in place of the condenser. In a case where the desalination apparatus

is used in place of the condenser, it is not easy for only " one set of

desalination apparatus to treat a | arge anobunt of exhaust steam as

di scharged froman electric power plant. 20 Therefore, a plurality of

desal i natron apparatuses may be used, by being incorporated in parallel. In

t he desal 1 nati on apparatus stated above, a plurality of evaporation cans

may be provided) wherein the



heat exchanger is arranged to cooperate with a first 25 evaporation can,

and the condenser is arranged such that in each.pair af adjacent

evaporation cans, the downstream si de evaporation can tecei ves water !ﬁEGN 2002
froman upstreamsi de evaporation can, cools the water vapor mﬁth“réa/ ter
ina, " - . 25 '"uM20a2 6/1 downstream si de evaporati on can and t hereby
produces I, ~5J-JI~ ~"n~j~ distilled water, and also heats the raw

water in the downstream si de evaporation can and generates water vapor. The
desal i nati on apparatus may include control neans for controlling the

' f.th d 5 ' | osi f o] I
connect 6 TBCEReVBOEUAPEoRoahnS TRRCBBNEY o CReakt SRAYEoRP RO CERE vacuum.

means and i, ¢onts ol yalve, sg: Lhai exagupLion.gf Ehe eyaperatLgn can and

openi ng of € evaporatioh can € atnosphere are”1 ntly

repeat ed, &PQE??Yegn@QLéPQ P DAL b iDL S L LEGRE Y2 PREEAEh @ evaporation

can and depressurizing the inside Fhereof for a
5 predetermined period upon starting'of a desalinating
operation so as to promote generation of water vapor in the
evaﬁoration can; and raw water subply means for supplying
' raw water to the evaporation can.
In the desalination apparatué described above, the
10 low-temperature waste heat may consist of the potential heat
of exhaust steam from a steam turbine for electric power
generation in a plant.

The desalination apparatus may be incorporated in
sexies and/or parallel with a condenser of the steam turbine

15 for electric power generation, or can be used in place of
the condenser. 1In a case where the desalination apparatus
is used in place of the condenser, it is not easy for only

re one set of desalination apparatus to treat a large amount of
exhaust steam as discharged from an electric power plant.

20 Therefore, a plurality of desalination apparatuses may be
used, by being incorporated in parallel.

In the desalination apparatus stated above, a
plurality of evaporation cans may be provided, wherein the
heat exchanger is arranged to cooperate with a first

25 evaporation can, and the condenser is arranged such that in
each pair of adjacent evaporation cans, the downstream-side
evaporation can receives water vapor from an upstream-side

evaporation can, cools the water vapor with raw water in a



In the desalination apparatus stated above) a plurality of evaporation cans
may be disposed in parallel rows each consisting of at l®ast one QNn
evaporation can, and 15 the control neans may control- t-hé vacuun1neagi‘%“%

t he control valve so that the evaporation cans in the rows are not

si mul t aneously opened to the atnosphere/lthereby enabling a continuous
operation of the desalination apparatus. Such continuous operation nay be
either a rated 20 operation or an operation follow ng variations in waste
heat (heat source). In the desalination apparatus stated above, the raw

wat er supply means may she Jfarzed y v %Cél,llu R e Y pre@iided val ve
connected 0 the evaporation can which is 25 opened or closed by the
control neans. The desalination apparatus may further include concentrated
raw water or waste brine di scharge nmeans for discharging concentrated raw
water fromthe evaporation can. ~ 5 JUN Zpp~ a The concentrated raw wat er
di scharge neans may be fornmed by a control valve connected to a | ower part
of the evaporation can that is opened or closed by the control neans. In

t he desalination apparatus stated above, the 5 evaporation can, heat
exchanger, condenser, distilled water tank, vacuum fmeans and raw wat er
supply nmeans nay be unitized in a single frane. In the case that the
desal i nati on apparatus further includes a concentrated raw water discharge
means, it is possible to further incorporate ZO a concentrated raw water

di scharge neans in a single frame.. A plurality of desalination apparatus
thus unitized in a single frane nay be further assenbled in a single unit.
Since the desalination apparatus of the present invention uses a

| ot enperature waste heat source that has 15 heretofore been unused as a
heat source, for exanple, |ow tenperature waste heat froma thermal or

nucl ear power plant, it is, therefore, possible to effectively use such
heat, whi ch has heretofore been dlsposed of. In addition, it is possible to
ensure extrenely stable



20 supply of a heat source and a cooling source and to perform stab
desalination by utilizing | owtenperature waste heat di scharged froﬁfg Jun ﬁma
thermal or nucl ear power plant as a heat source and also by utilizing sea
water as a cooling source for the condensger in the final stage, nmeking use

of the 25 conditions of |ocation of thermal or nuclear power plants, which

are installed by the sea in view of the transport of a power generating

fuel and ensuring a place where waste heat is disposed of (i.e. heat

radi ati ng source). ~ 5 ~u~ 2a2 9 Further, the cascade use of a

I t . heat whj ch, i - t of
unused, - maicdes P IEBacyRERY, o2Bfippr el chenns LBl FaroRd R B B 1o

i ni mi h ion.qf gl I ' . _Ih ' ' i bl
orovi de a 988 Ebepugsid HePErARal.Cy "RRE peRdY Ronei waroFs SBRRenal y (o
the gl obal enviropuenk, oA¢50Ldi0g L0 kDERLEREY! 1hOYEAL! QDn LAY WRALEL 1 5

poration can, e | idé o evaporation can 1S

depr essur | 26y oA X85 YUALPUER: oBBEatREnr 3% ¥ALCTaLSulOnfigAbed  Lh

| owt enper at ure wast e es evaporation to ronoted at a

IOWItenﬁﬁra&yéﬁin@csﬁadhmahxngisfié 98ﬁ§59%3v59v8f88ﬁhe9%éalEBaEFQ” by

using | owtenperature waste heat produce y an electric power plant or the

like. 15 | nevgéihtst®Bn &hACe evaporation can be carried out at a

| ow-tenperature) even if the tenperature difference between a heat source
used and cool i ng Tréetonsrsrehéans heagvapntabi obhef facuancyeans hadi apeoved
by enploying a multiple-effect evaporation can system and repeatedly using
20 heat. Fuctomerobrealirecaosthatvwevateationrefl theaevaporstéoapcaat @hd an
intermttent or batch operation can be perfornmed. Accordingly, power
consunpt i orereing eEdtbedewapRrdtyon| aapatei theapFmpsphpreapparat us i s

operated by a 25 batch node and if the inside of the apBaratus i s evacuat ed
at thel@i nelntexphtteRglynseppeEati okherpbYt RBaPhinpdeaoPatRB apparatus is

opened to tpe atnnsghere upon thg term nation of the operation, it is
possi bl e t ol SHpPFYLFEGPTAL BPSFAELOR -~ 5 Jut~ 10 the apparatus and to

di schar ge concentfﬁtggemgégglgH%%gént%§gspgﬁ%gtg§a9¥gaggggging and st opping

operation of the vaclum reans. er ef apparatus can’basically be

Operated_pri@faEE@?aB%OQVQ ok B1 ¥ACULALPHAY BLOBSspAEER" dhnghYa13 JI0VEr

consunption can ur;her_ educed. FurthernDre,_a cont 1 nuouS operation can
be perfornesohy Op6hatbngikRiRgt 69 HPdeedsp! Bhal e ¥pBladbppar ebuseand r anged

in parallel by changing them over fromone to another.

15 the control means may control the vacuum means and the
control valve so that the evaporation cans in the rows are
not simultaneously opened to the atmosphere, thereby
enabling a continuous operation of the desalination
apparatus. Such continuous operation may be either a rated

20 operation or an operation following variations in waste heat
({heat source).

In the desalination apparatus stated above, the raw
water supply means may be formed by vacuum means and a
control valve connected to the evaporation can which is

25 opened or closed by the control means.

The desalination apparatus may further include

concentrated raw water or waste brine discharge means for

discharging concentrated raw water from the evaporation can.



10 Furthernore) because the apparatus can be operated with high efficZ@qMN 200;
and with | ow power, the whol e apparatus can be unitized in a conpact unit.
Accordingly) it is possible to make transportation, carrying in and
installation of the apparatus easy. 15 Thg above and ot her objects,

features and advantages of the present invention wll become nore apparent
fromthe follow ng description when taken in conjunction with the

acconpanyi ng drawi ngs i n which preferred enbodi nents of the present

i nvention are shown by way of illustrative exanples. 20 BRI EF DESCRI PTI ON

OF THE DRANGSCERGont it JR0Lanang g ol c) Heole SXAIPYS, O

t he desal i nation apparatus according to t sent 1 nvention. 1S a

di agr am shoyi eagmtlh%l%s oMt Rl 223 e TG 10f0 £ Q%gfﬂ%é,%'gg}ggi%

apparatus according to the present invention. Fid. i's a oW ng a

further basggnsthigt YisalbperaiPlos @ dsat 95 ahieN ¥t APRAAEUS according to
t he 25 ,lU~ ?n~2 11 present invention” Fig. 4 is a diagramshow ng a

further basic struygt¢hal gesanihet@bnt BppdestbisnatiadedaBPRfAL Ugnaccording to
the present invention. 5 Fig. 5 is a diagramshowng a first basic

structumal exappratabnakagyapeadt estheaadelsed¢ondenze rdesalstiatlied varar at us
according to the present invention, wherein Fig. 5A is a |ongitudinal
sectional vtankof vhkeuevapanat iand caw sadtel guppBy meanseaiayomal view taken
along line B-Bin
unitized in a single frame. 1In the case that the
desalination apparatus further includes a concentrated raw
water discharge means, it is possible to further incorporate
10 a concentrated raw water discharge means in a single frame.
A plurality of desalination apparatus thus unitized in
a single frame may be further assembled in a single unit.
Since the desalination apparatus of the present
invention uses a low-temperature waste heat source that has
15 heretofore been unused as a heat source, for example, low-
temperature waste heat from a thermal or nuclear power plant,
it is, therefore, possible to effectively use such heat,
which has heretofore been disposed of.
In addition, it is possible to ensure extremely stable
20 supply of a heat source and a cooling source and to perform
stable desalination by utilizing low-temperature waste heat
discharged from a thermal or nuclear power plant as a heat
source and also by utilizing sea water as a cooling source
for the condenser in the final stage, making use of the
25 conditions of location of thermal or nuclear power plants,
which are installed by the sea in view of the transport of a

power generating fuel and ensuring a place where waste heat

is disposed of (i.e. heat radiating souxrce).



10 Fig. 5A. Fig. 6 is a longitudinal sectional view show ng a second basic
exanpl e of an evaporation can used in the desalination lﬁ@fratus

structural

according to the present invention. 15 Fig. 7 is a view showing at
basi c structural exanple of an evaporatian can used in the desalination
apparatus according to the present invention, wherein Fig. 7Ais a

| ongi tudi nal sectional view of the evaporation can and Fig. 7b is a plan
view of the same. 20 Fig. a is a longitudinal sectional view showi ng a
fourth basic structural exanple of an evaporation can used in the

i agr am showi ng. ahof PaFEe: Pt BPab8as AePCSBel Tt Eoheta et whebna at us

Ao i NG tRedbCeBLERENt hIURTIL oD Ehorad Ol r&Q.Cné:gg, SFOFEChYREE S

di agram showng a's

and ~ 5

turbi ne of an

ructural "exa sys emin

$0§t rlﬁoLQ%Béeﬁﬁ ?p?%&%‘g‘. ?ﬁ xgéé g&g %éggli‘ fBQ?S”BhB?ﬁo

ect C power source for

desa"nat'QHiﬁfﬁféétHﬁeaﬁéﬂéﬂbﬂﬂoﬂoofhSlBB&ﬁeﬁérmﬂMEnéaBQs F'@hgél g a

di agram show ng an arrangenent of desalination System provi

sol ar pBOtQﬂ@'ﬁ@$§199éefogﬁﬂ60§§é0& @@Q@uﬁéésrecovering technique by

10

15

20

25

desalination that is friendly to the global environment.

According to the present invention, raw water is
stored in an evaporation can, the inside of the evaporation
can is depressurized by a vacuum pump, and the raw water is
heated with low-temperature waste heat. This enables
evaporation to be promoted at a low temperature.
Accordingly, it is possible to effect desalination by using
low-temperature waste heat produced by an electric power
plant or the like.

In additlon, since evaporation can be carried out at a
low-temperature, even 1f the temperature difference between
a heat source used and cooling water 1s small, the
evaporation efficiency can be improved by employing a
multiple-effect evaporation can system and repeatedly using
heat.

Furthermore, because raw water stored in a can is
evaporated, an intermittent or batch operation can be
performed. Accordingly, power consumption can be reduced
markedly. In particular, if the apparatus is operated by a
batch mode and if the inside of the apparatus is evacuated
at the time of starting the operation, and the inside of the
apparatus is opened to the atmosphere upon the termination

of the operation, it is possible to supply raw water into

ed wWith a

N 2002



Fig. 12 is a diagram show ng an exanple of a unitized desalination

appar at us, wherein apparatus conponents of a single can-type desali mm mz
apparatus are assenbled in a 10 single frame. Fig. 13 is a diagram g )

an exanple of a unitized desalination apparatus, wherein apparatus
conponents of a multiple effect can-type ?connected In series) desalination
apparatus are assenbled in a single frane. 15 Fig. 14 is a di agram show ng
an exanple of a unitized desalination apparatus, wherein apparatus
conponents of a nultiple effect can-type (connected in parallel)

i agr am sholt gt AR A EnE) £n87 28 AAFEno a8 BoRRehe FRERR HokRpaP i e ci n

Do R rt o i BRERLaL 5y UBELLAETN G 0 RaSLRALE: hGABRECELHBL' Bel Rutl Gt N9

are further e n-a sIng unrt. ows an exanple

arr angementn odn 01 {ingbeESED, DhE bBAO:heHoUBRNSLALSEYLNEL agBenblal Tn @

25 single unit. OWS an ex an ‘arrangene

resent in t4 ' L hed. kO V. e rahij t i i on
p VSPLERE bBeRRLbAUoE Ot e VL HE gﬂ@ﬁj%%b@g; YBBCAAAnAdL On

apparatus using three evaporation cans.

CARRYI N& OfowdE OVEMIPERbn can be further reduced.

Furthermore, a continuous operation can be performed
by operating in batch mode a plurality of apparatuses
arranged in parallel by changing them over from one to
another.

10 Furthermore, because the apparatus can be operated
with high efficiency and with low power, the whole apparatus
can be unitized in a compact unit. Accordingly, it is
possible to make transportation, carrying in and
installation of the apparatus easy.

15 Thé above and other objects, features and advantages
of the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings in which preferred embodiments of the
present invention are shown by way of illustrative examples.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a basic structural example
of the desalination apparatus according to the present
invention.

Fig. 2 is a diagram showing another basic structural

25 example of the desalination apparatus according to the
present invention.

Fig. 3 is a diagram showing a further basic structural

example of the desalination apparatus according to the



Enbodi nents of the present invention will be described below wth 2? erence
to the acconpanying drawings. Fig. 1 is a diagram show ng a basic JUNf’ﬂZ
structural exanple of the 5 desalination apparatus according to the prese'q
invention. As shown in Fig. 1) the desaljpation apparatus has a heat
exchanger 10, an evaporation can 60) and a raw water tank 72. A

| ow-t enperature waste heat source 11 froma thermal or nucl ear power plant
or other power generation facilities is 10 introduced into the heat
exchanger 10 to perform heat exchange between the | owtenperature waste
heat source 11 and a heajjng nmedium 13 to thereby heat the heating nmedi um
13. The heéf’%%s?‘%%ﬁ]ﬁ‘éeﬁéb‘?’gm 13 is introduced into a heat exchanger 92

I di t 62,ip th tion, 15 60 t f h
Exehange bet ween L Rbal? rty MR SGRHY e §RFIH dretss { HeraByral

moai um 13 R SF oife HErt o O AR Bhp et TR hodBRRIng o 1B% Rt e ance

nuneral 11 . . heat condensate or brine. 20 The water vapor 63
gener at ed ipnls%%ﬁ%g}l Zo%gl%ﬁ’ of the evaporation can 60 is collected and

i ntrodused into & £PNaenser, 98 A AGRAAS 1Ry Yof £t lpd i & N F UL YL er tank

72 to perform heat 'exchange between the water vapor 63 and the raw water

71. The V\/ate@fan%‘mroﬁ%ﬁ%‘@ﬁ?%i&ﬂ@éﬂiﬁé@@ 25 ¥Ré eded$H Bigh pbSO heats

t he raw wat er . The distilled water is accunulated in a distilled water
tank T. Thappwtdtudfacderanng beslytitd ®fesdiet emppoieion) wieeréni s
depressurized with a vacuum neans, e.g. a vacuum punp VP, 2 5 JUN ~pp~ 14
via the di $tiig) &5A wbs edi 1amdi Hudith B et Tahal o vew \AEf dHE. exfdnpisrat benr aw
water 62 in the can body 61 is subjected to heat exchange with the heating
medi um 13 @waderanderigduzRdipresseceionakbrelew chakéem aborg VipeorB6B is
generated with 5 high efficiency. In the above-described desalination

appar atQs, R |t enperature waste heat source 11 is introduced into the
heat exchanger 1Q to heat the heati nedium 13, and the ' heati ng nmedi um

13 and the raw wdtid- 62 ’a?ea&ﬂi}%icﬁ‘g‘gi‘l%l et HP X R SR RY 2t he heat
exchanger 92. That isi heat eg’_(l:h ge.is 'ndifectll\% géaégo%:ggd bet ween.t he
|owtenperz§telﬁ°é“ﬁa I RETT WAt H e FERTRAT et FOWRIRROT TN FANgBRERt may
b h th t I .S | dint
Phe: hont - oamhdite, A EIREER T SUlR ol SBogRUE €0 el BEEOEHEDC | Do

the | owt enpRfH s Wast e heat source 11-and the raw water 62. Fig. 2 is a
di agram show ng anot her basic structural exanple--of-the desalination

appar atsis accor dipugy ! 07 tie Presantsnowaly | HNehASA S | $iFi@turalt he
desal i nati on 20 apparatus has a heat exchanger 10, an evaporation can 60
and a condexsapldd. oA anvevapqpeaatom ecavasieedietn thoerdesdlihatbion t her nal

or nucl ear power plant or other power generation facility is introduced
into the héRPasaivh@Eecanding pee f Yren Pleagerk chrineRt ber nedre X ¢bn
| owt enperature waste heat source 25 11 and a heating nmedi um 13 and t hereby

heat the h&HIngAreti in KR ohHidiRat SPHeRMRY YbelY uF 157¢ sYRRPEALLER into
2, et SxChangel 0% P SR LA 4 B ARSPlod i g Gagpor ot on can 60 to
20 Fig. 8 is a longitudinal sectional view showing a
fourth basic structural example of an evaporation can used
in the desalination apparatus according to the present
invention.
Fig. 9 is a diagram showing another structural example
25 of the desalination apparatus according to the present
invention.
Fig. 10A - 10C respectively show a diagram showing a

structural example of a system in which low-temperature and



15 heating nedium 13 and the raw water 62, thereby heating the raw water 62
and thus generating water vapor 63. The heating nedium 13 itself is cool ed
and returns to the heat exchanger 10. 5 The water vapor 63 gener ady JUN 2082
can body 61 of the evaporation can 60 is;gollected and introduced into the
condenser 20 to perform heat exchange be%ween t he water vapor 63 and
cooling water 21. The water vapor 63 condenses to distilled water 76 and
the distilled water is accunulated 10 in a distilled water tank T. The

i nside of the can body 61 of the evaporation can 60 is depressurized with a
vacuum nea he distilled water tapk T J@_md a

contr ol va%&?éﬁ#gﬁfg?g?ﬁsﬁf%@eﬁr@ F rCOPLCREINY o HYT BARE 5O

oo cct o L gl hapsg b A1 ho e[ S8 Il un . g L e
heat  sour cGeERT BT ARG T RIS SHEOHEHD Rt HENg P SeeE b FEaehE @i neat i ng
o heat ekchange Hiifodgh e ot R habthe i Ak dRShett S et anbe i
the. 1o wator B2 ey e b B L TRt B o e o fFgro PRt S pdbet N

| owt enper Eryede fdrbusource 11 is introduced into the heat
exchanger 92 so as to perform heat exchange directly between the

| ow-t enperat ure wasg.e neats OWiGaRyra adXbwireg rayw evdsp1é&2of Theun et ezeace
nunmeral 21' shows a returning cooling water. g 5 JUN 2002 16 Fig. 3 is a
di agr am sh@sigz) farect v Afsdrcatsis uothewein apparatus components of a

‘ single can-type desalination apparatus are assembled in a

10 single frame.

Fig. 13 is a diagram showing an example of a unitized
desalination apparatus, wherein apparatus components of a
multiple effect can-type (connected in series) desalination
apparatus are assembled in a single frame.

15 Fig. 14 is a diagram showing an example of a unitized
desalination apparatus, wherein apparatus components of a
multiple effect can-type (connected in parallel)
desalination apparatus are assembled in a single frame.

Fig. 15 1s a diagram showing an example of a unitized

20 desalinatlion apparatus, wherein plurality of apparatus
unitized in a single frame (2 units in the drawing) are
further assembled in a single unit.

Fig. 16 shows an example of an arrangement of units
wherein more than two units are further assembled in a

25 single unit.

Fig. 17 shows an example of an arrangement in which

the present invention is applied to a vacuum evaporation

type desalination apparatus using three evaporation cans.



exanpl e of the desalination apparatus according to the present invention.

As shown in Fig. 3, the desalination apparatus has a heat exchanga‘slﬁm%
a plurality of 5 evaporation cans 60, 60" " ' arranged in a nultistage 02
structure. A lowtenperature waste heat source 11 is introduced into the
heat exchanger 10 to perform heat exchany2 between the | owtenperature
wast e heat source 11 and a heating nmed~.um 13 and t hereby heat the heating
medi um 10 13. The heated heating nedium 13 is introduced into a heat
exchanger 92 placed in raw water 62 in the evaporation can 60 in the first
stage to perform heat exchange between the heating nmedium 13 and the rata

wat er 62, tHESENOIRatORICARIEY INGY 0@l ETHI 2INWENTION generating water vapor
63. The 15 heating nmedium 13 itself is cooled and returns to the heat

exchanger 10. ThEmmd®imaraporoddigenereadart i invdret mmpaiEl itvh descHibéed t he
first stage is collected and introduced into a condenser (heat exchanger)
92' pl aced helaovawiidi ereffe-enae 2o ttiee evapunpdnyying adr&ings. t Heigecbnd
stage to perform heat exchange between the water vapor 63 and the raw water
62', therels eatiagrameshewingtarbd&lc andrudiusrake nexanp ey oft €ie vapor 63' .
The water vapor 63 itself is recovered in a distilled water tank T as
distilled wesslzatipe aparalps acerrdns to the presentinthventiont ages
al so have a function simlar to the above. That is, condensers cooperating
with evapor® iHRWRAR drd ark angr! GREM IMEL9H aRRITPNT RAS A heaht
evaporati on cans, the downstream side 2 5 JUN z(£2 17 evaporation can
recei ves \/\kft"(—.’;ﬁ1 %o RVIRRTEF LR G %Q/'ap%{) td orAE Pt oT cHRk t hrer

T e f AP Nd e IRV SRS SR, TS
downstr eamn%éieea'?tv%ﬁ 'ﬁhr?@rbﬁncgtrgaeineﬂﬁ& V@éﬁéré’@ﬂ% "facilities is

10 introduced into the heat exchanger 10 to perform heat
exchange between the low-temperature waste heat source 11
and a heating medium 13 to thereby heat the heating medium
13. The heated heating medium 13 is introduced into a heat
exchanger 92 placed in raw water 62 in the evaporation can

15 60 to perform heat exchange between the heating medium 13
and the raw water 62, thereby heating the raw water 62 and
thus generating water vapor 63. The heating medium 13
itself is cooled and returns to the heat exchanger 10.
Reference numeral 11’ shows a waste heat condensate or brine.

20 The water vapor 63 generated in the can body 61 of the
evaporation can 60 is collected and introduced into a
condenser 98 placed in raw water 71 in the raw water tank 72
to perform heat exchange between the water vapor 63 and the
raw water 71. The water vapor 63 condenses to distilled

25 water 76 and also heats the raw water 71. The distilled
water is accumulated in a distilled water tank T. The
inside of the can body 61 of the evaporation can 60 is

depressurized with a vacuum means, e.g. a vacuum pump VP,



At the final stage, the water vapor is introduced into a condenser 98
placed in raw water 71 in the raw water tank 72 to perform heat e g
bet ween the water vapor and the raw water 71 to produce distilled mater 7
which is, in 10 turn) accunulated in a dlstllled water tank T. Fig. 4 is a
dlagran1shomnng further basic structural 1&xanple of the desalination
apparatus according to the present invention. The arrangenent and function
of this apparatus are sane as those of the apparatus shown in Fig. 3, 15
except for the final stage thereof. That is, as shown, in this exanple, at
the final stage, the water vapor is introduced into a condenser 20 to

per f or m heatiaxthandis bil ed waber weark Vapond andobheotovhilng Watewldl to
produce distilled water 76. 20 Figs. 5A and 5B are diagrans showing a first
basi ¢ strucithusl Exanpae witehet2viapotlaei canchod@E06l Assshobjechelli §o. 5A
and 5B, the evaporation can 60 has at | east one heat transfer tube 64

ext endi ng Hwatoexehayge iwvhth abhe digabing needitedl Bonndent &heyreduceédt h
ends of the heat 25 transfer tube 64, chanbers 65 and 66 are provided for
instalIingHﬁﬁﬁSWF%nsthe¥%E@§e64t%%lW@E@¥v%@99rcﬁ@ Enageeeratefswhityvi ded
wi th a heating nediumvapor inlet or water vapor inlet 67, and the other
chanber566h¥§h) Qﬁ&h a 2 5 JUN 2002 18 condensed heati ng nedi um

outl et or condensate outlet 68, The t he. heat transfer tube 64 is
used as a heat raﬁ?aﬂ?"ona?)%‘ﬁ ‘?%‘?cjfﬂ%e‘i‘g iRt o ¥PPatatugontBfisat i on

f dt of th
locd a5 a Mo GEREe BOR AR O RaF (o PBFET abd bt of "EROITRED, THRE o |
evapor at | o, &2 80 f1asqlieal  nd, A0c, £VARETALL PR, BLAL LA 97 2Led kLo one

part and i s arrange ITh @ horizon orm sequen Iy, e structure of

the 10 evapiAtiof médihm 53 ”&kaftﬁ&',ré‘s@dwgwfl @@réPé@HB?eE@Bdb%oohba't”ed
even if the tenperature difference is snal The heat transfer tube 64 may

be formed igkcHOider tiEoohgIYUtias i 198at F@ichén@@fegf_w wrhast ag¢d Red@cuum and
whi ch exhibits excellent heat transfer characteristics. The evaporation 15

can 60 arr angathmge siat bod bbevelyayebfophadedetweant theé aswatampkeatuck
that the outlet 68 for the condensed heating nmedium or condensate is
posi ti oned Was ey hért | andttled faw vateheat Hogevedi ubhe apbrangemangr maypor

so that the
be such that the low-temperature waste heat source 1l is

introduced into the heat exchanger 92 so as to perform heat
15 exchange directly between the low-temperature waste heat
source 11 -and the raw water 62.

Fig. 2 is a diagram showing another basic structural
example -of the desalination apparatus according to the
present invention. As shown in Fig. 2, the desalination

20 apparatus has a heat exchanger 10, an evaporatlon can 60 and
a condenser 20. A low-temperature waste heat source 11 from
a thermal or nuclear power plant or other power generation
facility is introduced into the heat exchanger 10 to perform
heat exchange between the low-temperature waste heat source

25 11 and a heating medium 13 and thereby heat the heating
medium 13. The heated heating medium 13 is introduced into
a heat exchanger 92 placed in raw water 62 in the

evaporation can 60 to perform heat exchange between the



condensate in the heat transfer tube 64 can be di scharged 20 easily,

al though this arrangenent is not shown in the figure. By placing th%hﬁgﬂ'ﬁwﬂ
evaporation can 60 at a tilt as stated above, the condensate in thg

transfer tube 64 is discharged fromthe outlet 68 w thout any detention. In
a case where the heating nediumis used 1% a liquid phase) the 25
arrangenent may be such that a high-tenperature heating nmediumliquid inlet
67" is located at a | ower position) and a | owtenperature heating nmedi um
liquid outlet 68 is |ocated at an upper position. 2 5 JUN 2002 19 The
heat ed heati ng nmedi um out put fromthe heat exchanger 10 is introduced into

the heat tmapsfiglg e 1T QBhidedwl@itdy @, e Mgh-HEeMPEI St the

heating mediumliquid inlet 67'. The heating medi um subj ected to heat 5

radi ation irawdweshar et {nemMide qurdleit Hfy Glatde Vst egper afng e heating

medium |liquid outlet 68 and returned to the heat exchanger 10. In the case

of multipl ereeftfierf rR3RAN al3 Qe LA 1))cASLEN MY e tififs B 2k hea@t er
vapor 63 generated in the evaporation can 60 in the preceding 10 stage is

i nt roduced ebatharnider HMept transfer tube 64 fromthe inlet 67, and distilled
water is discharged fromthe outlet 68 of the evaporation can 60 in the
succeed ng stageThe graten srapot & ashmtied) im stheorirbasody AT weft urled
exanpl e of the evaporation can 60. Constituent elenments 15 common to Figs.
5 and 6 ar @évé@estadd diy aaimfth rsefaarleiesat esh aret tigrrodiredhetnta rghssf er t ube
64 is placed in the can body 61 to extend at a tilt to the horizontal

di recti on GPPARESS3 2P uIEO hadd epeivnge retoaemsotherigata®am out | et

68 is positioned helow the steaminlet 67. In a case 20 where the_heating

medi um i s Y8BAT ©% MY HWP NG datete Zapdiif iBH CaVaRPTERS Fanfienses
d h t.hat, .t.he, hi ght t heat i i liquid inlet. 67
ocat ad at T2 ORI DA G THb Ty o R b ) PRI T S U o
tlet, 68" .| I { jti . | gci t t f
obe P 15 PSS SR T BOR | e, Sl 108 |6 oy e Lo
64 is dischgrggd Fehfdi}&f}xﬁd{lﬁx Ui o 68 WdiUls fyzéift‘mﬂ A-vddudde heat

transfer tube 64 is placed wthin a lower "half o
means, e.g. a vacuum pump VP, wvia the distilled water tank T

and a control valve,Vl, V10. Thus, the raw water 62 in the
can body 61 is subjected to heat exchange with the heating

15 medium 13 under the reduced pressure. Therefore, the water
vapor 63 is generated with high efficiency.

In the above-described desalination apparatus, the
low-temperature waste heat source 11 is introduced into the
heat exchanger 10 to heat the heating medium 13, and the

20 heating medium 13 and the raw water 62 are subjected to heat
exchange through the heat exchanger 92. That is, heat
exchange is indirectly performed between the low-temperature
waste heat source 11 and the raw water 62. However, the
arrangement may be such that the low-temperature waste heat

25 source 11 1s introduced into the heat exchanger 92 so as to
perform heat exchange directly between the low-temperature
waste heat source 11 and the raw water 62. The reference

numeral 21’ shows a returning cooling water.



? 5 JUN 2002 20 the dianmeter D of the can body 61 and the liquid | evel of
the raw water 62 is set approximately at the center of the can boM&lUNtZﬂaz
evaporation area can be maxim zed, and distilled water of good quality can
be obtained without 5 entrai nnent of m s_IL Figs. 7A and 7B are di agrans
showing a third basic structural exanple 6f t he evaporation can 60.
Constituent elenments common to Figs. 5, 6 and 7 are denoted by common

ref erence characters. The evaporation can 60 has at | east 10 one set of
heat transfer tubes 64 placed in a can body 61 installed horizontally. A
chanber 69 is provided in the center of the can body 61 to install the heat
transfer tubes 64 % |%&cts @l diagwrm thyping sarekhern bagslievaboratvsalcan
60, chanbers 65 and.66 are_provided for installing the_heat 15 transfer
tubes 64 cotXAR1% Py . thecdesahbrathon | #PRAEA LRt &FCPEILRGIAeERGi th an

inlet 69a for the heating, nedi um vapor or ter vapor. The chanbers 65 and
66 5t borh IISRSNE CRESRPLOR dedhty SrovRapR i Ge Sut Tas «dgsafonatien

he. ovapor TEHELIE GRPT rf FeERT ngharont, 10catd Srerr el by ahtbody o1 of
th t 60 is. | ' dingly.the h f t ubes 64
become. PongsVnet By eet ring 88 0 Re”chiliade 1 OF S bIRPERE be

| ncreased, ﬂh&:éﬂ?ré‘.e?‘%”ﬂoﬁ? ér\};&S'éPét e%ﬁf%'ﬁé’a %r%@aneig' schar ged
easily. Fig. IS a diagram show ng a four asic structural exanpl e of

the evapor aid of $8dedinfONEhé LHEHE @i@t‘]‘&%ér@é”@é‘g%&rf&ﬂﬁ-héa&o 8 are

denot ed by common reference 2 5 JUN 2002 21 characters. The evaporation

can 60 has detiarngansd Biednbese 6low! ofetftihe waStdOEYaPlsdtiradet it W th
respect to the horizontal direction. The outlets 68 are positioned bel ow a

chanber 69 amimamezt Aoy whédiam CERNtdmd therébPpReatlhehd kesvinggmradiam t he
evaporation can 60, shown in Fig. 8,
10 13. The heated heating medium 13 is introduced into a heat
exchanger 92 placed in raw water 62 in the evaporation can
60 in the first stage to perform heat exchange between the
heating medium 13 and the raw water 62, thereby heating the
raw water 62 and thus generating water vapor 63. The
15 heating medium 13 itself is cooled and returns to the heat
exchanger 10.
The water vapor 63 generated in the evaporation can 60
in the first stage is collected and introduced into a
condenser (heat exchanger) 92' placed 1n raw water 62' in
20 the evaporation can 60’ in the second stage to perform heat
exchange between the water vapor 63 and the raw water 62°,
thereby heating the raw water 62' and thus generating water
vapor 63'. The water vapor 63 itself is recovered in a
distilled water tank T as distilled water 76. The
25 evaporation cans in the third and later stages also have a
function similar to the above. That is, condensers

cooperating with evaporation cans are arranged such that in

each pair of adjacent evaporation cans, the downstream-side



enabl es the condensate in the heat transfer tubes 64 to be discharg@d N
W t hout any detention. In addition, the liquid | evel of the raw water 6’9 2002
can be set approximately at the center of the can body 61) and hence the
evaporation area 10 can be naximzed. Therefore, distilled water of good

qual ity can be obtained without entrainmeht of nmist. Al though only the
construction of the evaporation can 60 in the first stage is explained

above, the sanme or a simlar construction nmay be adopted in the evaporation
cans 15 60', 60" ------ in the second or later stages. Also, it should be
noted that raw water supplied to the evaporation can 60 and the raw water
tank 72 i s esspaoratiidrercdre. recesess Wwdssy vapdmarfiromt eie @pstttdam-~side
concentrated raw water nay be di scharged fromthe evaporation can 60 and 20

t he raw watesrapcarekt i4on ataropte oredl tihe wateervapbxr arl yh t hawugatexr cont r ol

val ve V2, V7 connected to the |ower part thereof by a dischargi ng neans

(not shown)thearipwits tygamaside i eRaporalk len ccammndcthepehy cpiredued opt i onal
time or periodically through another control valve V3, V8 connected 25
thereto by ddstevklad efateipplapderlie heat the i Yakey bhethe shown) so

that a predetermined level is kept within the evaporation can 60 and the

raw wat F&mv%rearw%c%\m%%#%v@%t@}d 6ICTArREEe tWRL Y APt on 2

5 JUN ~nt~ 22 can 60 .and_th w water. tanlc 72 may be dj scharged_b
natural flow dowﬁ"tf iR &4 & dhe H@%ﬁ’&%‘%/ %‘b‘i‘g‘fﬁdti’l%t? aw
}Nf‘tngroﬁ ag‘;Pf%@‘ﬂc qasyé:%w pla’caéd’eix}’zﬁav}”wé:toé‘xf‘eﬁ ef'ntt oL oL 9, aLa A0 OpLifnal

72 to perform heat exchange between the water vapor and the
raw water 71 to produce distilled water 76, which is, in

10 turn, accumulated in a distilled water tank T.

Fig. 4 is a diagram showing further basic structural
example of the desalinatlion apparatus according to the
present invention. The arrangement and function of this
apparatus are same as those of the apparatus shown in Fig. 3,

’ 15 except for the final stage thereof. That is, as shown, in
this example, at the final stage, the water vapor is
introduced into a condenser 20 to perform heat exchange
between the water vapor and the cooling water 21 to produce
distilled water 76.

20 Figs. 5A and 5B are diagrams showing a first basic
structural example of the evaporation can 60. As shown in
Figs. 5A and 5B, the evaporation can 60 has at least one
heat transfer tube 64 extending horizontally in a can body
61 installed horizontally. At both ends of the heat

25 transfer tube 64, chambers 65 and 66 are provided for
installing heat transfer tubes 64 collectively. One chamber
65 is provided with a heating medium vapor inlet or water

vapor inlet 67, and the other chamber 66 is provided with a



5 predeterm ned anmobunt) and at the sane tinme, raw water nmay be externally
supplied into the evaporation can 60 and the raw water tank 72, where the
tenperature is |low, through another control valve V3, V8 by a ra\zh%/a#‘m 2002
supply nmeans S (only one is shown) so th@é the water surface of aw
water 62, 71 10 is kept at a constant level. In this case, a concentrated
raw wat er di scharge neans nmay be constituted by the control valve V2, V7
connected to the |lower part of the evaporation can 60 or the raw water tank
72. Further, the raw water nmay be supplied into the 15 evaporation can 60
by opening a control valve V3 connected to the |ower part of the

evapor at i orf@elerse Qritealein e Jeediun mpt et | o) endgnagiee ctibbe it $®n can by
t he vacuum punp VP. That is, in a preparation stage before evaporation

oper ati on, &4 bsdkderokubhf ealy beangfert Bt 4i HIIvWLR RS § Beeh the

evacuation of_the evaﬂgprati on can. In this case, the raw water supply nmeans

i s constit JHaREOR RATH I they RRAL WY MEAIWM (PL RE 1 eCRRARFR VP,
ti f th VP d, t i | 0si f th

oot vol VbRt TR TR o) 31 e ARtk (9t e N9 Leamefer pe

not epl tgat tu@)e cs]6y4r's]t4em IS SO arr:%n%d t hat hevdi sti,é] ed wa%er o76, V\Qi chis

obt ai ned b)}: Ohde slr%guﬁeh ¥t 9 FRYHERT G (Rt ah Bo]fﬁ 61 of

t he 25 1 23 evaporation can 60, is stored in a distilled water
tank T and 1s Supplied to each place where distilled water is required by

openi ng a val ve \ﬁn?J,t §md %ﬁdﬁ?ﬁéﬂw & 14y ,%%Eq{eag,}g%h%s‘?lpa/er and the

i nside of the apparatus I's op to an atno ere. OWt enperature

wast e heat esRipdatatuissl 4161 e s Cin e brile el add @ S PRBF b gsai S a
heat source having thermal energy that requires a certain anount o
external | y isupplhicadh soretraly fdrmor deforise idmt Iy Sti@sen drueiS€re of the
10 evaporation can is simplified, and high performance can be
obtained even if the temperature difference is small. The
heat transfer tube 64 may be formed in another configuration
that is able to withstand a vacuum and which exhibits
excellent heat transfer characteristics. The evaporation
15 can 60 arranged as stated above may be placed at a tilt as a
whole such that the outlet 68 for the condensed heating
medium or condensate is positioned below the inlet 67 for
the heating medium vapor or water vapor so that the
condensate in the heat transfer tube 64 can be discharged
20 easily, although this arrangement is not shown in the figure.
By placing the whole evaporation can 60 at a tilt as
stated above, the condensate in the heat transfer tube 64 is
discharged from the outlet 68 without any detention. 1In a
case where the heating medium is used in a ligquid phase, the
25 arrangement may be such that a high-temperature heating
medium ligquid inlet 67’ is located at a lower position, and

a low-temperature heating medium liguid outlet 68°' is

located at an upper position.



10 in driving a turbine. The | owtenperature waste heat source incl ges
exhaust steamfroma steamturbine for electric power generation idf JUN 2002
nucl ear power plant or a thermal power plant. The | owtenperature waste

heat source should preferably not be heajgextracted froma hal fway point in
the 15 cycle of an electric power plant %extracting heat from a hal f way

point in the cycle causes power generation efficiency to be reduced), but

rat her, the desalination apparatus should preferably use an unused

| owt enperature waste heat source that is discharged froma condenser and

20 whi ch | d ot i be .di sposed , th havi ffect

generat i on of { i CIAMISHEED, TOAE TS H SUHATE BEaR WOt ounl Iy a
te heat i f 0C to 60C . b t ai.ned

Gosali nati SEIINER (L0 oFe (HRTFIERerl TR e Post FEFRHESt E06e1 64 ent

P ound 300 e it R GRTEE L i°E) tle IFoREPRRS Tss BepbiRecfediine

d l'inati ; 2 b

Cont | nuous - FERF L, BT CT0CMEnSAELEE B0RNEn o edibl PO TnetL Y ohs

my ol sp b RPIAGH . O suRmes AfafobloWurfbEsks 8 PERUSi g ol

anount of raw water 62 is ed 1nto the evaporation can 60 by operating

the raw 5 walfe StiPry HEREng AR EVRROH 3bhPle €388 60ah8 LYBGHALRILBY
opening the valves V1, V10 and by operating the vacuum punp VP. After a

predet er m Ag@ JRGIEEhaPgaiM 1as heerndr Oaus edf i mul bep By agpraeton can 60,

the valves V1 and V10 are cl osed, operation of the vacuum punp VP is

st opped, artadbrsatibry cdngd heo | cas t elnpet ainreig@st 8 aedt 4 sowaterltapor

commences. Consequently, evaporative distillation starts inmediately. As

stated abows genEnatednimfthdececapervation cam 60 amdthepprgcefdingw wat er

62 into the evaporation can nay be started sinultaneouslg by operating the

vacuuntQump tamenns 1 iredeced riteathesheat Yansfier ty @hé‘lc samofhg

bat ch operation, the systemis_ subjected to gas extraction properl or in
ig il & srfiLet

an opti onal™&He)o Gurdtfy Fhetbpkediy¥atesd HeRargedt Frrmappsr g

b in th | t f I - d i bl in th

vator 62, R GF F0i YSREATIRS G 00 L sFBT SRPPRGOLRA BFasPon and
< s t . on A

has been pertor miado & 5 B idaiHl Adkthg N M aaNaPRRELS Eebhotiba®l O

vater 62 i gxdinirgedind OF&SErd P1h eVaRt 661EP0S AP REnEabiemdhAks 25 MY
be perforned by opening a control valve V2 connected to the | ower part of

t he evBpOr aiondbrC ato af 1gs . opeandgs t e adwd BédSb Ocbimont fespbeneeby
opening the valves V1 and V6 and by allow ng natural flow down of the
concentr at ehametes 5 Jie 200t 26ranms Ber t tebef 6 d4nis Theagedf Lvr theosiang t he

valve V6, new raw water is again supplied into the evaporation can by
oper ati ng 0RAX Luuke prrpev ahdat kbleoke rohevaeyizontal \Airgehigs Ofat ed

above and, by further evacuating the 5 evaporation can by the vacuum punp)
ewaporativ@hﬁsﬁqquﬂiﬁﬁFface of the evaporation can 60.° The steam

outlet 68 is positioned below the steam inlet 67. 1In a case

20 where the heating medium is used in a liquid phase, the
evaporation can 60 may also be arranged such that the high-
temperature heating medium liquid inlet 67' is located at a
lower position, and the low-temperature heating medium
liquid outlet 68’ is located at an upper position.

25 By placing the heat transfer tube 64 at a tilt as
stated above, the condensate in the heat transfer tube 64 is
discharged through the outlet 68 without any detention. If

the heat transfer tube 64 is placed within a lower half of



can be continued. In this case) power needed in the desalination apparatus
is mainly the power required for the evacuation, and the vacuum pun®5vgUNs200?
operated only in a ' predeterm ned period at the beginning portion of the
10 operation to establish a predeternineg vacuum degree. Thus, once a
predet erm ned anount of raw water 62 is &bplied into the evaporation can
60 and evacuation is effected to a predeterm ned degree of vacuum
evaporative distillation can be perforned. Thus, it is possible to perform
a batch 15 operation and, unlike continuous operation, the operation can be
carried out with reduced electric power. In order for non-condensabl e gas
in the syst the diameieraplr ofwtinehcapsbedyt §1head thendiapiduievgl of
evaporation and condensation, to be discharged_out of the system

ef fi ci ent | yFheorayt Wateiroh2ofisggets ppRrondmayed¥naits ther cenitesl of F&ef or ned
by opening the contraol valves V1 and V10 and activating the vacuum punp VP.
It has beenc@BnPPH¥ellpy tBepEVERERELLRRL 28 eRePRROPE BREABAZEAY e and

CesbmnasevoBy S STkp a8, 2R BoRE RUASEL. el DA ABBaSRATHIERSAE ©°
actuallEy, %F§£$8hﬁFﬁ¥ﬁ§§2Hﬁhgkly no need for any extraction operation, and

it Is possi operating tinme of the vacuum punp in the gas

extraction. 2 Splbhl 2002.28 45 30e%00:ER SfohynueX 9hsexammLe, vhen

raw water is to be replaced by opening € evapora can

atnvsphere,sﬁfﬁéehkaﬂfggaﬁ iev%fa@ﬂevﬁvﬁbSrﬁﬁﬁbﬁgégSPﬁﬁﬁ t%oﬁ%ﬁﬁWﬁ%&%

heating nmedium 13 to 0 an evaporation can connected in parallel

to.the evapgiahtARsCaBmhbn 2BdFageQntl ok ¥akhve Hiea@dndiedal BYSRRBAMBnOPEN
valve V6 are opened. At this tine, a control valve V1' is left closed and

the interi otepéréheecyhpehatee®s.camthelevapokaptoat can' 6pr adet arneadtvacuum
| evel . Consequently, the evaporation 10 can 61' is nmaintained in a vacuum
st at e, 1&nd omet sétabfoheatiktsapkfier thbesi A4 plbeedt he mnawawabedy6s lhas
been di scharged out of the evaporation can 60, the atnosphere open val ve V6
and the extimgtadhedahosivenindlyl osddchamberhé?i asi psoyfidede iovaper ati on
can 60 is depressurized by 15 operating a vacuun1gu VP and by openi ng
control val ¥2Rt&x og3thg gapobphyr 4ute iBFAtRAtet PERSthérévéﬁéFaFN@ﬁscan

60. | hi 62 1 d. . .th 2 h b
ni roduced Th oL ECEIIaYar PB ehnDBoR 5148 BoFBPHF A FEIAP FRE 0O,
cont rol valyeM31s hoSRH o' bEL ARoLERCR B33UIRekA11BRGCYARORRLLON can 60

has reache
15 transfer tubes 64 collectively. The chamber 69 in the

center is provided with an inlet 69a for the heating medium
vapor or water vapor. The chambers 65 and 66 at both sides
are provided with respective outlets 68 for the condensed
heating medium or condensate.

20 By virtue of the arrangement of the evaporation can 60
in Fig. 7, even in a case where the can body 61 of the
evaporation can 60 is long and accordingly the heat transfer
tubes 64 become long, the pressure loss in the condensation
part will not be increased, and the heating medium or

25 distilled water can be discharged easily.

Fig. 8 is a diagram showing a fourth basic structural
example of the evaporation can 60. Constituent elements

common to Figs. 5 to 8 are denoted by common reference



predet er mi ned degree of vacuum the control valves V1, V10 are closed, the
operation of the vacuum punp VP is stopped and the switching val ve?ﬁ\/{mﬂnmm
V5 are opened for the evaporation can 60, thereby starting a norma
operation. 25 The controller C controls the operation of the vacuum punmp VP
and opening and closing of these control2¥al ves V1-V10. Raw water can al so
be replaced for the evaporation can 60" by executing a simlar operation.
Thus, it is possible to ~5 ~~~ 2~t~ 27 performa rated conti nuous
operation that utilizes a | owt enperature waste heat source continuously. It
shoul d be noted that the nunber of evaporation cans 60" connected in

paral | el i rcHarpcters. norhaecegsaratyord ¢ami ¢@chae et buansPerotubese
evaporation cans 60' may be used. In addition, a plurality of rows of
evapor at i o £ pladddtimreharcandgseiy n6h arul 4i tslageithronespeetasoshhan in
Fig. 4 may be connected in parallel. Thus, it is possible to performa

rat ed cont iheusisompel adivectioni ziThe conbleld ¢@npre oposetivsed behowsaurce
continuously as in the case of the above. It is also possible to perform an
oper ati on falambgmd ¥ agoremunicaten twithazteemnal sbutet, 6%9ar eRbapl e, an
operation in which the quantity of water to be treated is varied by

changi ng t REGANERNREHE QF ahe AVIRPKANKON C3 6%, opaowr eln REIst 8t ed above,
because el ectri.c 5ower used by the desalination apparatus of the invention

is mainly hhe oondensake ek ridie thrald bemptubser af| tpoker
ti [ i.ni m o 1 f bat ti ' d,.. 20 % si th
vacuum punt e Ot T RE T Far pol® oRRBRH SRt ThE BAERMAI ng of
2 ) . .  the |
can, _power TSR | e (RIS RF ST e Sty PRk "FRCHRENI 211 )

It 1s not alMAvS NEEaSRATdad Gocfﬁyevéij,e dhd A %@Waﬁ@%‘{?&eﬁ' Yrehn fact,

it is possible to nmake use of a “vacuum punp provided 1n an electric power

plant 0§ Ol v Md:AImiALd ] | theSreddrd S @& $0i PSS Ph€etOoPr Q¥bEe sol ar
phot ovol tai ¢ power generation facilities, as described |ater, 2 5 ~uN

z00z 28 W igneuti tyhecdreask fataine® i eiiedt povera snipehy . of sstit s
possible to utilize power generation facilities enploying natural energy,
e.g. sol ar phot owdltthauglpowery gdreradnsonrurtiemdepoviee eempordtbon can
facilities, as an electric power 5 source. Fig. 10A is a diagram show ng a
struct ur al 68xdwpltheffirsy tiags nisweuhlalredcaabkeoyaat tlom a@pararud arranged
as stated ahove is incorporated in parallel to a condenser of a steam

t ur bi ne fors’ﬁtiv%@rr g@fﬁ%‘?‘b‘?ﬁ‘(‘b.m@( be c%‘?ﬁlé?&‘i‘nb“l@h? u‘?’lﬁ?ﬂ%&"aFﬁO‘anc@Péct ric
ower ant_.. ,St di scharged froma boiler 100 is ,supplied through a
gt eamfgese%\g’oi'r %%gnl 1o & cotberyt fge??ﬂ%i% %Ee¥os%l?9€§' a gener at gr 103.
St eam di schar ged pfyrom the Y hIUEP! ¥ d Oarh Su£00LCH3501 1808
dJL ang ZB% and

| ow- pressure steam condenser 4, stored in a condensate

returned teneheviRid@itildl) ddH BO i daRerAdwrwdPér Thek desalinaki ohe

appar at us 200 according to the
water (e.g. sea water) or hard water, and the concentrated

raw water may be discharged from the evaporation can 60 and
20 the raw water tank 72 at optional time or periodically
through a control valve V2, V7 connected to the lower part
thereof by a discharging means (not shown), and at the same
time, raw water may be supplied at an optional time or
periodically through another control valve V3, V8 connected
25 thereto by a raw water supply means, e.g. a pump S(only one
is shown) so that a predetermined level is kept within the

evaporation can 60 and the raw water tank 72.

The concentrated raw water 62,71 in the evaporation



present invention is connected in parallel to the | owpressure steam
condenser 104. Desalination is carried out 20 by supplying the desglénﬁfi on
apparatus 200 with steam fromthe condensing turbine 102, which ha N 2
pressure of fromO0.03 to 0.05 kg/cn¥Z andza tenperature of from 24 to 34C,
as a lowtenperature heat source, and sea”™water having a tenperature of 15
to 25C as raw water and cooling water. 25 As a result, it was confirned
that the desalination apparatus is capable of efficient desalination.
Al though in this exanple the desalination apparatus is incorporated in
parallel with the | ow pressure steam condenser 104, it 2 5 JUN 2002 29
shoul d be n%?%dGPhaﬂthEed€§HlWﬁE?Foﬁaﬁbpa?aWE¥ be0d&kEGhBEIRACBY porated in
series to the |owp ur.e st%an1con enser 104 as shown in Fig. 10B or the

%et géo

Gotal it GhELERaL ETe SV e a0By| AONEERAET DRcEhowspRBeEHT 18! B3N
d 104 5 sh i ig.. 10C. the | att th 1
o be et naRa; KRSy By Patet tAnK 14 Xifqancertisl Persl Trncld Ted:  and
11 of th i h X i bi 102
e g ¢4 og{Fﬁ%aféé@%?%ﬁ%ghgﬁp%é?% ﬁéiggbf"g%gfﬁg?E?&?gf‘%#&obﬁganot ed
that the aboueadeseried BRARY! Sad80akCERE! BbHEC:Ohes! E4IN Hheebafagdpkr om
t he condens ng ur pl ne an t he fenperature (0] sea water are nErely

exanpl es, a&ﬂt%?ﬁﬂgi?5§ﬁbﬁlﬁéé iﬁ?@eﬁﬁéUé@aﬁBrEPthoﬁﬁheﬁﬁeéﬁﬁuiﬁerﬁﬁhe

heat source an enperature of raw 15 water vary according to e kind
of lowtenpgagétr €aiRSYe, hGREraOthECtehPEraAraNivNesR, t BRréYgheAhbsher
installed and so on. Fig. 11 is a diagram show ng the arrangenent of a
desal i nati afosyB6EMV ALY Wed vt Byaaspharwabeirosabpaiycmpaner s2Qogegebaki on
apparatus, wherein the desalination apparatus further conprising solar
phot ovol t ai £s pshvewn eser shabnthacwhtéresurfacehaf the dewvalaheri 62, 71
apparatus uses electric power supplied fromthe solar photovoltaic power
gener alPon ¥ackertiet ascdnsvany épvelri Enpbhiks. casepbpecepeentraiefy, as
illustrated in the figure) a sol ar photovoltai c power generati on apparatus
300 with a ¥AWradtey g¥5§ Pﬁgec@PPESSEEYiEepPSQFgéHPtﬁadbﬁlEEFrF@PF§°1

ted th by. J t d i bat t 03 th h 2 5. JUN 2002
30 gener at 1GH YO of Y paiBRNa85ea) hO aiaPt F8HCT aPRYF ngE o BEt PYERBBERETORS

supplied ta vacuum 304 nne t he vacuum system of the
degglinatiéﬁ%56%§r§¥ugﬁggﬁa cg%? anéﬁg zgéd._S Fi gs. 1% - 15 show
constitutional ex ﬁérpftﬁglfé@egagg§a$é?a%hgggg€g?§&tyﬁtgcgﬂédlng to the

pr esent i nvention ereln the conponents o nati on apparatus are

assenbisd idvapsragiénfEanee8sv Upbhindhe EshereNCRathar agt ebanvbireld are
common to Figs. 1 - 4, 9 and 12 - 15 10 show the same conponents. Fig. 12

shows an exanptize Wbweri pamppafathe evaponahienotan 60nghd can-type
desal i nati on apparatus are assenbled in a single frane F. That is, an
evapor at i orflepresouriziheat thechnajde of, thecewapnsation, candbyt theed wat er
tank T and a 15 vacuun18unp VP shown in Fig. 2 are assenbled in a single
frame F as AR RUMPfVBesTRal, 18, hiéht 2cREABAYBE1IPD Ah§9IBeP&ESERDI ed in
the unit U Fig. 13 shows an exanple, wherein agggigtus conponent s

Ul i pl 6 eiTERRCEARLSY pabEBALE R ed CHRNCEFERE] AOBBLY eBFY 58O UBLERPRER: on
G0 el SEwEhGEreoesyy oufeh P aunghRt om AParbE PPERCAALEPT SRR T and
i U R e CekOral Oh o BRRL P ine A TR ShBa R A U
and the nuniis Qbn6tEPeFatflsbe1l NG5€aG€d. ana the vacuum pump VP.

Operation of the vacuum pump VP and the opening and closing

of these control valves V1-V10 are controlled by a

25 controller C.
It should be noted that the system is so arranged that

the distilled water 76, which is obtained by condensing the

water vapor 63 generated in the can body 61 of the



Fig. 14 shows an exanpl e, wherein apparatus conponents of a nmultiple effect
can-type (2 stages connected in parallel) desalination apparatus are 25 JUN 20“2
assenbled in a single 2 5 JUN 2pp2 31 ' 5 10 15 frane F. That is,

evaporation cans 60, 6;0', heat exchange%% 92, 92', condensers 20) 20', a
distilled ater tank T and a vacuum punp shown in Fig. 9 are assenb ed in

a single frane F as a unit U . If desired, a heart exchanger 10 can

further be assenbled in the unit U" and 'the nunber of stages can be

i ncreased. Also, if desired) a single condenser 20 can be substituted for

ol ural | (P DGR b Lo Pkt SRRl Bt BoThHLAR, wefSRboRkate © |
of milti pi R o WSRO R atash ipe tETCREH ThteFoTo1s i e
il i pi o A Bred e natt e ARREPE, kot R, B Bftn BB BRe o S
Bnd Tu thon PRI ERLPTTE Sk ShaThie Blpa SRToLPRE AT FRELE B cbBEhear !

thereing Bydinid | Zf@spier@ppar at us conponents in a single unit 20 25 or by
further assenbling the unitized ap. unit as stated above) transportation,

ca: installation,rid Cl&f-tdifpRPaind Usased Weat NEogens ahsyd iR the above
exanples, a s. may be adopted in stead of a plurality o. depending on the

per f or manc awfvd hde y@cibedr GésSlimatich Nghparytg iH a Hede eaaree. ngle
vacuum punp VP vacuum punps m punp and the capacity of the apparatus.
having thermal energy that requires a certain amount of
externally supplied energy in ordexr to obtain steam for use
10 in driving a turbine. The low-temperature waste heat source
includes exhaust steam from a steam turbine for electric
power generation in a nuclear power plant or a thermal power
plant. The low-temperature waste heat source should
preferably not be heat extracted from a halfway point in the
15 c¢ycle of an electric power plant (extracting heat from a
halfway point in the cycle causes power generation
efficiency to be reduced), but rather, the desalination
apparatus should preferably use an unused low-temperature
waste heat source that is discharged from a condenser and
20 which would otherwise be disposed of, thus having no effect
on power generation efficiency.

As a low-temperature waste heat source, usually a
waste heat ranging from 50°C to 60°C may be obtained.
However, the desalination apparatus of the present invention

25 provides a sufficient performance if the waste heat used in
the apparatus has a temperature of around 30°C as will be

explained by referring to a later embodiment.

The desalination apparatus arranged as stated above



Fig. 16 shows an exanpl e of arrangenent of units wherein nore than_t

units connected inlparallel are 2 5 JUN 2002 32 assenbled in a sﬂ%ﬁhﬂN 2002
unit. In Fig. 16, the reference nuneral 22 is a raw water, 23 concentrated
raw water, T a heating nmediumtank, P g heati ng medi um punp) 24 fresh
water, and P a fresh water punp. In a ca & where the 5 heating mediumis
used in a liquid phase, the heating nmediumtank T and the heating nedi um
punp P' are unnecessary. (Exanple) Fig. 17 shows an exanple in which the
present invention is applied to a vacuum evaporation type 10 desalination
apparat us using evaporation cans arranged in a triple-effect structure
(arranged iMP¥Ere RINTIHEOUREE FREER ERE o2 4 HRPBES e sOR%- t hid_weY@rs hehe

f oregoi ng exanpl es denote the sane constituent el enents. The operating

condi ti ons 45FHHHRABIRRPIRPAFRL RS MY 12} FOURS ABSTHEFAL i FigT ndHE B4 ch3S

D tvioen battL U at GHEST o BOPRCRRNAIRed P Ey ot FTE BAtRELFS 1R
total. 2) Te ature conditions Heat. source ed: waste vapor, 34C in
onper at ur SERATSY PATR, IhE EVGRTEF TSR T { SRpkY atRFEA By YabhGnt Flinp 25
S [ V b 30.m th
bogr nni . ARG Burdp Ty RAREY (G (e 1T PRELBLER AP0t Q Ra nhVebGacah, "
B/ 2 ~ T. t . ' ti

of the appdlahertHis tiie WELIEEPPL AVEE S0 by pLRAELD VAS! PHEuER LOMS,
distilled algd ypnalAytOPIR PRbaOYeREnERPAEGEEE BB SyacHul CRAEHeerne

power 5 consuned in the apparatus was 26. 37 kWwh/day, 1nclusive of
produced in the evaporation can 60, the valves V1 and V10

are closed, operation of the vacuum pump VP is stopped, and

10 supply of the low-temperature waste heat source 11 commences.
Consequently, evaporative distillation starts immediately.
As stated above, evacuation of the evacuation can 60 and
supply of raw water 62 into the evaporation can may be
started simultaneously by operating the vacuum pump VP and

15 the control valves V1, V3, V10. 1In the case of a batch
operation, the system is subjected to gas extraction
properly, or in an optional time, during the operation of
the desalination apparatus, because in the early stages of
evacuation, non-condensible gas in the raw water 62, which

20 will obstruct heat transfer during evaporation and
condensation, cannot be properly extracted.

After evaporative distillation has been performed to a
predetermined concentration, the concentrated raw water 62
is discharged in order to prevent deposition of salt. This

25 may be performed by opening a control valve V2 connected to
the lower part of the evéporation can after opening the
apparatus to the atmosphere by opening the valves V1 and Vé

and by allowing natural flow down of the concentrated raw



the cooling water punp, and 3.5 kwh/day, exclusive of the cooling water

punmp (i.e. power of the vacuum punp alone). As a result, the
wat er - produci ng capacity was 10.99 kwh/ Ton, inclusive of the cooli RgSV%QNerzm

punp, and 10 1.45 kwh/Ton, exclusive of the cooling water punp. The

wat er - produci ng capacity, exclusive of the power consumed in the cooling
wat er punp, was nore than 40 tinmes that of a flash type desalination
apparatus using waste hot water and cooling water of the sane tenperatures
as in the exanple. 15 I NDUSTRI AL APPLI CABILITY As is stated above, the

present invention provides the follow ng superior effects: (1) The
desalinatioﬂagﬁﬁaFg?E§f6PmtheTB?%seﬂft?ﬂvﬁﬁgﬁbﬂguggﬁ 55%%%#%@%p@?ﬂtﬁ?@

wast e heat source, that has herftoéore be 20 unuseg_as a heat source, for
exanpl o | ORRFBRpLf abHRAn WGUPBIEES: 1R FBnTHC: FERRATAbLORUERBAPY pover pi ant .

Ther ef : h : ich h h b di d b

et fecti vel yRETPF B8, £1S) reuis BOEE: BF coPa ERE FRABRC LY RLkeR, Vie abPe

ngp'y Of.2§1§ QEaLF§98&°§P89Q §n800£¥“9u§9ﬂé eeﬁQQ?AgiRgrERE”‘Stab'e
salination by util'rZrng Fowtenpérature waste hea I'stharged from a

t her mal sor @H&ﬁ?ﬁétEQHBEaﬂlgﬁttﬁé @3B§@@Lﬁﬁmﬁ9ee$§g?%$€iéssaigE@ihg@ion

apparatus and al'so utilrzing sea ~~" 34 as a cooling source

for the corglensgs EBnthRuéanal 15t 8MLs HBLENOpYRErOhetBEaCORdthEONS Of
| ocation of thermal or nuclear power plants, which are installed by the sea

in view of déealiRasPent appaab@¥els araehayi tBe f pélreBnNbe§uensdr £6¢ anpl ace
where waste heat is disposed of (i.e. heat radiating source). Further, as a

| ow t enper adwdi€uaBsdR, hend , thegeactani pimpagP ei heapepatiedashtyheat af rom an
el ectric power generator in an isolated area (e. g. a canp and etc..)
' predetermined period at the beginning portion of the

10 operation to establish a predetermined vacuum degree. Thus,
once a predetermined amount of raw water 62 is supplied into
the evaporation can 60 and evacuation is effected to a
predetermined degree of vacuum, evaporative distillation can
be performed. Thus, it is possible to perform a batch

15 operation and, unlike continuous operation, the operation
can be carried out with reduced electric power.

In oxrder for non-condensible gas in the system, such
as air, which obstructs heat transfer during evaporation and
condensation, to be discharged out of the system efficiently,

20 extraction of gas_ from the system is periodically performed
by opening the control valves V1 and V10 and activating the
vacuum pump VP. It has been confirmed by experiment that a
reliable evaporative distillation effect can be obtained by
performing gas extraction for 60 seconds every 2 hours.

25 However, it has also been found that, in actuality, there is
substantially no need for any extraction operation, and it

is possible to minimize the operating time of the vacuum

pump in the gas extraction.



may be used. As a cooling source, a water froma cooling 10 tower nmay be
used or cascade use of the water therefromis possible. (3) Casce}l§ Hﬁg 2%
a lowtenperature waste heat source, which is an energy source heretofor 2
unused, makes it possible to suppress the use of fossil fuels and to
m nimze 15 the generation of global war@éng gases. Thus, it is possible to
provi de a resource-recovering technique by desalination that is
environnmentally friendly. ' (4) In the present invention, raw water is
stored in an evaporation can, and the inside of the can is depressurized 20
by a vacuum punp. Mreover, the raw water is heated wth | owtenperature
wast e heat, therehy sihahhi g BYGPOY aby Ofay OobeeRamPDé edwRen ! Pt RAREEAL UT €.
Accordingly, it is possible to effect desalination by using | owtenperature
wast e heat ig oroabeereplacedpoyespphdng ohet 8eapoketidh €&h b0 @&ddichieon,
because | owtenperature operation can be carried out) even if the
t enper at ur eatthddphenee beltveking haeidvesoudcendsed and swotchgdwater it®
smal |, the evaporation efficiency can be inproved by enploying a
mul ti pl e- efdebew tke ShdahigOBe@bumvapotat fdbowcho syseeapandtiepeatndl y
using heat. (6) Furthernore, because raw water stored in an evaporation can
i s evapbrateldl, eenhectedi incparallehtthd theravaparahhobecper 66r madd a
Accordi ngly, power consunption 5 can be reduced marltedly. In particular,
if the app®#QtiCl svapeeaYtdand anpbatmaspbaeesepant vaiveat Veharei apesed.
starting the operation, the inside of the apparatus is_evacuated, and at
the ternindtt orPb? tHECopRrGPPbROLt iRV RsY e F LRELapHar&tudPlstBBened to
the atnosphere) jt_is_possible to 10 supply, raw, er,into_the apparatus
and to m:uﬂﬂﬁ%ﬁi%Bd%%ng?%t%ﬁaﬂﬁf% l%ﬁtgg? ?he app ?BFU@% Fherefore, the
appar at us | I a y t rapl o] he_va m, RUNP
alone. In j%ﬁ?ﬁ?%%ai%ﬁgédﬁﬁﬁgﬁﬁn%g?%Pbasggggggu%%tggte%h%ngyapgggglgﬂ
predet epmi Neth REL | Ofls Ahalfitabigunihng Jachan!Loae0l 4§ BaLER19ReLBMI ON Lo
establ1sh a predeterm ned vacuumlevel 1n the evaporation can. Accordingly,
the power cQNeENS1fFe CoRePEiAr t REteF efHECHaw (WAtELHT ERERABI Beed CONtI NUOUS
operation can al so be

discharged out of the evaporation can 60, the atmosphere

open valve V6 and the extraction valve V1 are closed, and
the inside of the evaporation can 60 is depressurized by

15 operating a vacuum pump VP and by opening control valves V1,
V3, V10 to introduce raw water into the evaporation can 60.
In this way, raw water 62 is renewed. When the raw water 62
has been introduced into the evaporation can 60 to a
predetermined level, the control valve V3 is closed. After

20 the pressure in the evaporation can 60 has reached a
predetermined degree of wvacuum, the control valves V1, V10
are closed, the operation of the vacuum pump VP is stopped
and the switching valves V4 and V5 are opened for the
evaporation can 60, thereby starting a normal operation.

25 The controller C controls the operation of the vacuum pump
VP and opening and closing of these control valves V1-V10.
Raw water can also be replaced for the evaporation can 60’

by executing a similar operation. Thus, it is possible to



perfornmed by operating a plurality of batch-w se apparatuses 20 in parallel
by changing over themfromone to another. (8) Since the apparatus can bz““ fm
operated with high efficiency and with | ow power, the whole apparatu
be unitized in a conpact unit. Accordingl¥, it is easy to transport) carry
in and install the apparatus. : ~ .y , - 25 JUN ~n~2 36 CLAI M5 1.
(Amended) A desalination nethod for ram/mater conprising the steps of . (1)
supplying raw water (62) into a confined space neans 5 (60, 60", 60"); (2)
evacuating said confined space neans and depressuri zi ng an inside t her eof ;
(3) supplying | owtenperature waste heat (11) into said confined space
means so aPewfeunjacrateddconpineoperoperation welsat wbhlitdagd)aahdwsai d raw
water (62) in said confined space nmeans to heat exchange and generate water
vapor (63) temperatebafvaste sheet seurce eoerti{myoesbying said water vapor
to obtain distilled water (76), wherein said step of evacuating is effected
15 interm ttent!| yllorskeulg Qﬁbtﬁ‘bﬁ%@ thade. the pupkew i ovaresrtheRieans
method clainmed in claim1, wherein said confined space neans (60, 60", 60")
conpri ses 2%&i rﬁq”én%%l%%rla‘@lW%%%e]-Bln(Wf%nd%d}S Ak sREFeBFABRL Yet hod
clainmed_in clajn1% 20 wherein said confined space peans congrlses

e

pIurall?y JALEREr ER i O c Wt (BEC B mo%%"?v PERILOR COMPeR? edPR B8ries,

wh d | te. h I d t fi

evapor at | oSSl (667 ARkt IR of oI RRELLRY 5F TROYS cof ot ERRoB0EE0P a7BR cans
60, 60 ) t f

gn upstreaﬁgglde evaporg@$%% %ﬁﬁgﬁﬁﬁﬂf égC %¥S€%%€%e§f¥%8§gﬂf§g%err?gg)

in the dowgsy ea:mrwe\% V@&%@ét&@ f@%@f@ﬂ@frebyh@éodyﬁesssdbégg&t@e wat er
(76) and al so heats the

to perform a rated continuous operation utilizing a low-

~——] ~ a ~ ~——] ~

10 temperature waste heat source continuously as in the case of
the above. It is also possible to perform an operation
following variations in the waste heat source, for example,
an operation in which the quantity of water to be treated is
varied by changing the number of evaporation cans to be

15 operated.

As stated above, because electric power used by the
desalination apparatus of the invention is mainly such power
as 1is required for the vacuum pump, overall power
consumption is minimized. If a batch operation is performed,

20 ' since the vacuum pump is operated for a predetermined period
only at the beginning of the operation to establish a
predetermined vacuum degree in the evaporation can, power
consumption is minimized particularly effectively.
Incidentally, it is not always necessary to provide a vacuum

25 pump separately. In fact, it is possible to make use of a
vacuum pump provided in an electric power plant or other
similar facilities. It is also possible to provide solar

photovoltaic power generation facilities, as described later,



~ ~ JIfN 2002 36/1 raw water (62') in the downstream si de evaporation can
and generates water vapor (63'). 4. (Anended) A desalination nethod %QHE%
in claiml, wherein said confined space neans (60, 60", 60") conpri 002
plurality of evaporation cans which are %nnected in parallel rows, wherein
said ~~~' l~~~~~~~ ~~ ~~ P ~~' 2 5 JUN 2 37 steps of (1) to (4) are
swi t ched over fronlone evaporation can to another to thereby enable a
continuous desalinating operation. 5. (Canceled) 5 6. (Anended) A
desalination nethod clainmed in claim1, wherein said step of evacuating is
rting the desalinating

ff df d d d
gpe?ét?on % %FEHS gbg;gkg e§gﬁrh§¥|§§%E§§% d POV, Fnﬁ&ppﬁyanyTgﬁé 1(}tofls
| 1 t f | yi 62 t
Ea?hnﬁonffﬁeasg}ﬁ’ﬁ@éeh@aﬁ? L33 BetrercgBRetatdphe crgs (hy Tess ctintirgsh o
f d whi h fin t t
source. 15 B EeRRENGRToX (8L G ARLRS PROERYA TP EREE BemeRat Lo s
conpri sing gy ﬁﬁn§09grdggﬁ@géﬁ&@goﬁggﬁﬁgEé@% thW%E% gﬂ%.g W%?Lcted

confined space ans ( sai i'seh argi ng St
after openi gg,sakd confined i space neans to the atnDsphere by openi ng
said confined 20 space neans and allow ng fl owi ng dowmn of said concentrated

raw water therefrpiy, 91oﬁAﬁﬁnQeélaﬁrQﬁs§hb@§hb08 @EE@EQBH&lCQQthibn%f a
heat exchanger (92, 92’ ) cooperating with an evaporation can (60, 60", 60")

so as to sukj egsteAwihewReea! uhe WasheihadlioASapbiradnd bawangldr alb2, 62')
in the evaporation can to heat exchange and generate water vapor (63, 63')

in the evapstateanabene ascanderperat8fl) inoppenalliedgtei thcandewseat &f taank

(72) so as to receive the water vapor from said
steam turbine for power generation (e.g. a condensing

10 turbine) in an electric power plant. Steam discharged from
a boiler 100 is supplied through a steam reservoir 101 to a
condensing turbine 102 to drive a generator 103. Steam
discharged from the condensing turbine 102 is condensed in a
;ow-pressure steam condenser 104, stored in a condensate

15 tank 105 and returned to the boiler 100 through a deaerator
106.

The desalination apparatus 200 according to the
present invention is connected in parallel to the low-
pressure steam condenser 104. Desalination is carried out

20 Dby supplying the desalination apparatus 200 with steam from
the condensing turbine 102, which had a pressure of from
0.03 to 0.05 kg/cm®* and a temperature of from 24 to 34°C, as
a low-temperature heat source, and sea water having a
temperature of 15 to 25°C as raw water and cooling water.

25 As a result, it was confirmed that the desalination
appraratus is capable of efficient desalination. Although in

this example the desalination apparatus is incorporated in

parallel with the low-pressure steam condenser 104, it



~~, , , 25 JUN 20a 37/1 evaporation can, cool the water vapor by
subjectlng the water vapor and raw water in 5/ ~i ~~GV/~, ~~. ~ ~, ~~ 2%
5 .tr~N ~nn~ 38 the raw water tank to heat exchange and obtain dlstllleJM 02
mater (76); a distilled water tanlc (T) far storing said distilled water;
vacuum nmeans (VP) for evacuating said 39aporation can and depressurizing
an inside thereof for a 5 predeterm ned period upon starting of a
desal inating operation so as to pronote generation of water vapor in said
evaporation can; and raw water supply neans (V3) for supplying raw water to
sai d evaporation can. 10. (Amended) A desalination apparatus conprising: a
10 heat exchlaggbd pe2onoped) thabpthat dpgahinatiannegrparatiisn288nmegobes0’
60") so as to subject |owtenperature waste heat (11) and raw water (62) in
the evapor atRepreeratednént sexéhinge EhE 4ercPREESWAEEeFteaPoFOPESRSEA t he
evaporati on can; a condenser (20% adapted to receive the water vapor 15
fromsaid evdhorat FRawRain Edgr LAB RﬁtEhevﬁﬁﬁﬁlbpaEEBPeéPPﬁﬁaFHﬁ Raver
vapor and coolin mater 21) to hea& exchange and. obtain dlstllled wat er

(76); a di 0% RGP Pl aﬁkowhﬁo O¥r BFPRGULSI 8LAPYt FPPEENREF el 0 4vaéuum
reans (B A LB LFLE 00081 O, FY2RRLLLBRGEa. 0T HERT SRR LERD Rt
be such that the low-pressure steam condenser 104 is not
installed, and all of the low-pressure steam discharged from
the condensing turbine 102 is introduced into the
desalination apparatus 200.

10 It should also be noted that the above-described
pressure and temperature of steam discharged f£rom the
condensing turbine and the temperature of sea water are
merely examples, and the pressure and temperature of the
low-temperature waste heat source and the temperature of raw

15 water vary according to the kind of low-temperature waste
heat source, the region where the system is installed and so
on.

Fig. 11 is a diagram showing the arrangement of a
desalination system provided with a solar photovoltaic power

20 generation apparatus, wherein the desalinatlion apparatus
further comprising solar photovoltaic power generation
facilities, so that the desalination apparatus uses electric
power supplied from the solar photovoltaic power generation
facilities as driving electric power.

25 More specifically, as illustrated in the figure, a
solar photovoltaic power generation apparatus 300 with a
plurality of solar cells 301 is provided, and electricity

generated thereby is stored in a battery 303 through a power



desal inating operation so as to pronote generation of water vapor in said

evaporation can; and raw water supply neans (V3) for supplying raﬁbga JEEZ
sai d evaporation can. 11. (Anmended) A desalination apparatus acco 'répﬂ

25 claim9 or 10, wherein said |OMFtenD65 ture waste heat (11) is potenti al
heat of exhaust steamfroma steamturbine (102) for electric power
generation in a plant. 12. (Anended) A desalination apparatus according to
rn.~W- . ~*a"i ~uh~liv~l.i.:~ _~~ Zz ~ ~uN zooz 38/1 claim11,
wherein said desalination apparatus is incorporated in series and/or
parallel to a condenser (104) of said steamturbine (102) for electric
power gener38RFPBIOP SCORERCT nPRPELe30f - safl 8BA4EHSRy  d5iying;elecfric: .

~ v o~ -t .~ 5 SUN 2 39 13. (Anende A desal i nation par at us
sccordi ng TOUERI H PRPPThed a1 KAGUBh PGP, 9061 CRVARGFaR: b EARe. (0.

Cooperat & wiRTART9EFenuRh ovaF, dnSAERAEEtn EhatEhRE 20 BERAEHLS ror )

i s arranged,sygh that in each pair of adjacent evaporation cans, the
downstream'si de evaporation can receives water vapor (63, 63") froman

t i d ti ' i
upstreagrsi de ev?@g%?.'?@ cafls SRk éﬁg?gggﬁfiaﬁgfre%é&ﬁléé“b%ﬂ&ﬁitiEea

downstr eam si de oration can and t
desalination apparatus according to the present invention

wherein the components of the desalination apparatus are
assembled in a single frame as a unit. The reference
characters which are common to Figs. 1 - 4, 9 and 12 - 15
10 show the same components.
Fig. 12 shows an example, wherein apparatus components
of a single can-type desalination apparatus are assembled in
a single frame F. That 1s, an evaporation can 60, a heat
exchanger 92, a condenser 20, a distilled water tank T and a
15 vacuum pump VP shown in Fig. 2 are assembled in a single
frame F as a unit U. If desired, a heat exchanger 10 may be
assembled in the unit U.
Fig. 13 shows an example, wherein apparatus components
of a multiple effect can-type (2 stages connected in series)
20 desalination apparatus are assembled in a single frame F.
That is, evaporation cans 60, 60', heat exchangers 92, 927,
a condenser 20, a distilled water tank T and a vacuum pump
VP shown in Fig. 4 are assembled in a single frame F as a
unit U’'. If desired, a heat exchanger 10 may be assembled
25 in the unit U' and the number of stages can be increased.
Fig. 14 shows an example, wherein apparatus components
of a multiple effect can-type (2 stages connected in

parallel) desalination apparatus are assembled in a single



10 produce distilled water (76), and al so heat the raw water in the
downstream si de evaporation can and generate water vapor. 14. Aﬂe&dﬂm 28{]2

desal i nati on apparatus according to any one of clai 9 to 13, wherein said
desal i nation 15 apparatus further conpri §§Z control ans (O for
controlling the operation of said vacuunifireans (VP) and opening and cl osing

of a control valve (V2, V3) connected to said evacuation can. 15. (Anmended)
A desal i nation apparatus according to 20 claim 14, erein said control
means (C) controls said vacuum neans (VP) and said control valve {V2, V3)
so that an operation of evacuating said evaporation can and an eration of
openi ng saifdF¥Ror at TRAL chhi- t BVERRT At HRR pReRe &Pe ﬁﬂterh???eﬁ%?gaﬂgﬁéated
25 16. (Anended% A desalination_apparatus according to claim14 or

wherein a plaraitty %@n@%%ﬁ%F%t?%n %%ns ?6@15%bl}e afpEpbary Tnaﬁgrélle

rows each con5|st| &h | east ogg eva oratlon aid controi nmeans
3 edolp ¢

(C) control'@cU Jiﬁ?ﬁﬁoﬁn q ﬂIQaEﬁﬁﬁW V) SR8 8ai d

| | d
oS e % A o), YRRl P
contlnugus:éugiﬁgfcgg éé%gbgiéﬁeﬂgegﬂepbgféaﬁ‘naéﬁ%”tgg gﬁ@%gf gfcordlng to

any one of ~ ~~ clarms 14 to

16, “here'%E%ﬁé%réﬁh“@ée{néfQQégdneaﬁfsés if desireF a single

condenser 20 can be substituted for the t&o condensers 20,
20. |
Fig. 15 shows a constitutional exaﬂple wherein a
10 plurality of unitized desalination appar&tus as described
above are further assembled in a single dnit U''’. 1In this
embodiment, two units U’ of multiple efcht can-type
desalination apparatus shown in Fig. 13 gre assembled in an
up and down arrangement. Although not sHown, units U’'’' of a
15 multiple effect can-type desalination apﬁaratus shown in
Fig. 14, wherein plural stages are connec¢ted in parallel,
may be assembled in a single unit and fujther, if desired,
the number of the stages may be increase$ therein.
By unitizing the apparatus componeAts in a single unit
20 or by further assembling the unitized apparatus in a single
unit as stated above, transportation, carrying in,
installation, etc of the apparatus can be made easier.
Incidentally, in the above examples, a stngle vacuum pump VP
may be adopted in stead of a plurality of vacuum pumps
25 depending on the performance of the vacuum pump and the
capacity of the apparatus.

Fig. 16 shows an example of arranngent of units

wherein more than two units connected in! parallel are
\



formed by said vacuum neans (VP) and said control valve (V3) connected to
the I ower part of said evaporation can ' that is opened or closed ?K sggﬂ 2002
control neans (C). 5 18. (Anended) A desalination apparatus accordi é

any one of clainms 14 to 17, said desalinatjon apparatus further conprises
concentrated raw water discharge means ( for discharging concentrated
water fromsaid 1 evaporation can. 10 19. (Amended) A desalination
apparatus according to claim 18, wherein said concentrated raw water

di scharge neans is formed by said control valve (V2) connected to the | ower
part of said e oration can that is opened or closed by said control neans
(0. 15 20. aﬁﬁﬁ@%&@@)lﬂ e $4Ni & WBd tappdPatd - aé@or&bﬁgrﬁﬁeéﬁwc@ne of

claims 10 to 17, wherei.n said evaporatign can gﬁg Q', 60"), heat
exchanger (§3Me§al) 22¢d5d@ngaw @@Gfr'dﬁétpppgﬁ edrd T MﬁFerVaGHUﬁineans

VP d t V3 t d le f F

20 21" ( ATHABAIOR aws?&%?rhie?%ﬁ”}p( e@egézaeaiﬁ@ E5T a4k £Ee5h 1o,
wh [ id t 0 t h 92
condenser ( 56%“‘8?%?1. | Pod JaeeP PaReT B péacﬁﬁfnan%é%sa“ 8 315 v o

I t t d 5

ny (i veq | nigadihg BY ﬁ%@éﬂz%% R 48R néﬁ SRR IR, B
20 21 f t

20,0 2 e SSHEL SRS BAAON fpRrrlcty  ©
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A "Nwx) f U, PQkzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] cahvehtapnalisahpalliedalto<aUyecahnSavhpdahciankoype = z /"N

O wgl gb] X] ] ca] ca] ca] ca] c"aU] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] cdPca) dapsiivatiahcapparetas] ugdhgaeBapbra¥ion glans arranged in a
A~}xsnid_Z]]]ca ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]c aJc(a]ca %ap aréﬁféﬁFc&F@HF@&F@aFéEWBVPﬁﬁPGB&WREKPS The same

| wmhc”Y]]]calca] cal cagca ca]ca]ca]ca]ca]ca]ca]c%]ca]caLFa]ca]ca]ca]ca]ca]c
a]ca]ca]ca]E% eLPRCgUFRAZPEAPES) 85) Lhpsej in the foregoing ‘examples

| I]_I3I>I@ i c

ch] cal ca] oo itad thpc APRS) ERPELLEUPRE SHFTRREFCh ol cal oal ob) oo ool ool Gal &

I 9PYRBVET &&i : .
It (FIRT (PRPERSITE- ROPRAEERER VT Eh1aPEaTBAP: ST Eaf o) ca cal ca)
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c&aU]c&a]ca1¢a]ca¢peiaaiﬁg]mahea]ca]ca]c ajc"alU c"a] ca] calca]ca] ca]ca]ca]ca
]cal cal 999: ~:: :; L; U;; S<<<=<zy===>> >>>>

Batch operation:
5 hours per batch. Repeated 4 times a day.
Changeover time between batch operations is
20 1 hour. Operating cycle 1s 24 hours in total.
2) Temperature conditions

Heat source used: waste vapor 34°C in temperature

Cooling water: sea water 15°C in temperature
3) Vacuum pump
25 Scroll vacuum pump 1.5 kW

Vacuum pump was operated about 30 minutes at the
beginning of every 5 hours batch operation.

4) Evaporation can size 1.2 m’ /can



2?7?71 ?2f ?2?2??| wmhc”Y] ] ] ca] ca] ca] ca] ca] ca] c$al] c$a] ca] ca] ca] ca] ca] ca] . Cjﬁﬁa
e e e e o e e e e e e o S o v11] ca] ca] ce] ] ca] oo
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I FGEEEEG
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aJjc"alUc"a]calcalca]calcalcalc alc
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c"aj ca] ca] cH a%‘E %‘ atygapEs) €8] EQPWR) &8) CHPCELEYF€a] ca] ca] ca! +l cl | | nLrmmmb
npnnn Z j uOyf . .
WE]MPQ]Q% ;x) sni'd 7] T3] Ea}€§¥%aTBAfcafB]a] eapeafaf 4 EAH TP HpLEFA ORI ca
cajc"alcalc al calcal calcalcal calcal calc a zz n ~ :
;g;;—;ﬁ ] }Xg%l 8%3?}3] ?&a?%] %Bf%ﬁf‘légf]cg]%a?(;g] &P)éiééﬁ%&é] c%]h{@a%’%&]e a] ca] cial] cial]
o calc a cglcal, =0gc ajcalc
a]ca]ca?La]cég%gi?éa?éa?%g]%g?%gﬁﬁg?cg?%a?ké?éarga 9a éa?@%?%gF%%fkgfca]ca]
B xonr o PO APC AP LS RPIRy 202 8 IR SaYe o PESLSEYS o) S ca)
a] caj ca] ca] é@&ﬁﬁhé%ﬁtékf}ﬁhﬁﬁ] ¢3lea] paleal 6§a!tll§%@0%%§ﬁﬁv§a%f 1;1%@-);.
@BE| w mhc”Y] ] ] ca] ca] ca]c"a] ca] ca] ca]ca]ca]calc"a]ca]ca]ca]ca]c"a]ca]ca]ca]c
a] ca] ca] ca] c. a] capsahcLakaalcalral ﬁéi:éﬂ]-f&@hﬁ%ﬂ@sbl ABAY¥y was
uT}xsnid_Z]]]]ca]ca] ca] ca]ca]ca]ca]ca]calca]ca]ca]lcalca]c(a]ca]ca]lcalc"alca
] ca] ca] ca] crf cap ckyngfoa] cahcaheayeaptakhp) &p6lifBl water pump, and
}xsnichY]]]ca] c"al c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cajc
a] ca] cdPc" al c4f chiybaTon] cekcdlhsayeapfathel coridDuOWRtLrwWoRNE Y] The’ a] ca] ca]

caj] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caLca] cajc"aU]c"a]c"a]ca]c
a] ca] ca] ca]¥aFerrREPAUCKBY( €apgcity, exclusive of the power consumed in
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2] ool ca) ca] Uhf cap 61} B UaFea] Bahba) Uapcapee) CHARPAPILFES SOPH RETREAY] ] ca
caJ ca] ca 0

o) cal ool celaaboabon) aabathRakeRbsAnbeRkEOb ke O PakR L Foke Pkl oty oL
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10%6& (- !  HIBOLEHEHE AbpTMPABTLOME () - 10% & ()-10% & ()- ! f &10%H& () -! &10

% ()-110% & ()-)fuUdB!,)s$10%& ()- ' "10% & ()-% 10% & ()-#$10% & ()-"

"10% & ()- @! 10% &5 (isUsdat¥dlabode() tyu8lpYeseh)- Chb2A¥i&N( pbrovides the

"10% & ()-& "10% & ()-F+ 110% & ()-, hijknmy] bCl!110%& ()-M 10%& ()-%0%& ()-F

s109%&' ()- 160116winf: euped@iw& e¢ffects: aBbCz10%& ()-Z 109%& ()-!

&10%&' ()-, @O%& ()- 10%& ()-- 109%&' ()-

/’\dEbC(? 10%&1!)Tga1@%6@}11(9%;2#!@0%9@%@550%' the pgegent. dpywgtdonyuses

aBbC8! 109%&' () - 693$10%&' §7) -S/ " 109%& (g— ss- & 109%& 9} +109%&' &) -1'n3f) %40%

- & ()-0bC 1 o/f}c&w(j:_e{r@g d’:l&l:l(.‘?_ Yashe; ee)t_ SPYYEs at has heretofore been

10<10% () - 10%& () -} yxV7bCS10% & () 109& 09R2& ().-! nM _1Q%& () -

M 100& IPQ)‘!"MJiﬁg/a(&‘)"%) §BBF%$§?}Jrce, %Qﬁexamp&l;_, @ngl\w/l—qtempera e Makt s
10 1GE10% (e L1000 & Che Lot 100 0o AU kb, Woresore, suon
101 n6$10S! 1926 &, (WngéhlR¥E&hbre#aeled Bebh HitBYE&( brz &HK ()-M
effectively utilized.
(2) It is possible to ensure an extremely stable supply of
25 a heat source and a cooling source and to perform stable
desalination by utilizing low-temperature waste heat

discharged from a thermal or nuclear power plant as a heat

source for the desalination apparatus and also utilizing sea
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HH10%& () - SGEAQ%@f(%hESkEAQ%@OEk B¥ a power generating fuel and
5 ensuring a place where waste heat is disposed of (i.e. heat
radiating source). Further, as a low-temperature waste heat,
cogeneration waste heat and waste heat from an electric
power generator in an isolated area (e.g. a camp and etc.)
may be used. As a cooling source, a water from a cooling
10 tower may be used or cascade use of the water therefrom is
possible.
(3) Cascade use of a low-temperature waste heat source,
which is an energy source heretofore unused, makes it
possible to suppress the use of fossil fuels and to minimize
15 the generation of global warming gases. Thus, it is
possible to provide a resource-recovering technique by
desalination that is environmentally friendly.
' (4) In the present invention, raw water is stored in an
| evaporation can, and the inside of the can is depressurized
20 by a vacuum pump. Moreover, the raw water is heated with
low-temperature waste heat, thereby enabling evaporation to
be promoted at low temperature. Accordingly, it is possible
to effect desalination by using low-temperature waste heat
from an electric power plant or the like.
25 (5) In addition, because low-temperature operation can be
carried out, even if the temperature difference between a
heat source used and cooling water is small, the evaporatioﬁ

efficiency can be improved by employing a multiple-effect
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at the termination of the operation, the inside of the
apparatus is opened to the atmosphere, it is possible to
10 supply raw water into the apparatus and to discharge
concentrated water out of the apparatus. Therefore, the
apparatus can be basically operated by the operation of the
vacuum pump alone. In addition, a vacuum pump is basically
operated only for a predetermined period at the beginning
15 portion of the batch operation to establish a predetermined
vacuum level in the evaporation can. Accordingly, the power
consumption can be further reduced.
’ (7) Furthermore, a continuous operatilon can also be
performed by operating a plurality of batch-wise apparatuses
20 in parallel by changing over them from one to another.
(8) Since the apparatus can be operated with high
efficiency and with low power, the whole apparatus can be

unitized in a compact unit. Accordingly, it is easy to

transport, carry in and install the apparatus.
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space means to heat exchange and generate water vapor (63)

in said confined space means; and

(4) cooling said water vapor to obtain distilled water
(76), wherein said step of evacuating is effected

15 intermittently or at an optional time.

2. (Amended) A desalination method claimed in claim 1,
whereln said confined space means (60, 60’', 60”) comprises

a single evaporation can.

3. (Amended) A desalination method claimed in claim 1,

20 wherein sald confined space means comprises a plurality of
evaporation cans (60, 60’, 60") which are connected in
series, wherein said low-temperature waste heat 1s supplied
into a first evaporation can (60), and wherein in each pair
of adjacent evaporation cans (60, 60’, 60"), the

25 downstream-side can receives water vapor (63) from an
upstream-side evaporation can, cools the water wvapor with
raw water (62) in the downstream-side evaporation can and

thereby produces distilled water (76), and also heats the

AMENDED SHEER
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: 7. (Amended) A desalination method claimed in any one

10 of claims 1 to 6, wherein sald step of supplying a raw
water (62, 62') into said confined space means (60, 60,
60") is effected by evacuating said confined space means
while opening the confined space means to a raw water
source.

15 8. (Amended) A desalination method claimed in claim 1,
further comprising a step of discharging concentrated raw
water out of said confined space means (60, 60', 60"), said
discharging step is effected, after opening said confined
space means to the atmosphere, by opening said confined

20 space means and allowing flowing down of said concentrated
raw water therefrom.

9. (Amended) A desalination apparatus comprising: a
heat exchanger (92, 92') cooperating with an evaporation can
(60, 60', 60") so as to subject low-temperature waste heat

25 (11) and raw water (62, 62’') in the evaporation can to heat
exchange and generate water vapor (63; 63') in the
evaporation can; a condenser (98) cooperating with a raw

water tank (72) so as to receive the water vapor from said
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-F 10((6%"é5é§$£§t§on can and depressurizing an inside thereof for a

5 predetermined period upon starting of a desalinating

operation so as to promo;e generation of water vapor in
sald evaporation can; and raw water supply means (V3) for
supplying raw water to said evaporation can.
10. (Amended) A desalination apparatus comprising: a

10 heat exchanger (92, 92') cooperating with an evaporation can
(60, 60', 60") so as to subject low-temperature waste heat
(11) and raw water (62) in the evaporation can to heat
exchange and generate water vapor (63) in the evaporation
can; a condenser (20) adapted to receive the water wvapor

15 from said evaporation can, cool the water vapor by
subjecting the water vapor and cooling water (21) to heat
exchange and obtain distilled water (76); a distilled watexr
tank (T) for storing said distilled water; wvacuum means (VP)
for evacuating said evaporation can and depressurizing an

20 inside thereof for a predetermined period upon starting of a
desalinating operation so as to promote generation of water
vapor in sald evaporatlion can; and raw water supply meané
(V3) for supplying raw water to said evaporation can.
11. (Amended) A desalination apparatus according to

25 claim 9 or 10, wherein said low-temperature waste heat (1l1)
is potential heat of exhaust steam from é steam turbine
(102) for electric power generation in a plant.

12. (Amended) A desalination apparatus according to
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upstream-side evaporation can, cool the water wvapor with

raw water in a downstream-side evaporation can and thereby

10 produce distilled water (76), and also heat the raw water

in the downstream-side evaporation can and generate water

vapor.

14.

(Amended) A desalination apparatus according to

any one of claims 9 to 13, wherein said desalination

15 apparatus further comprises control means (C) for

controlling the operation of said vacuum means (VP) and

opening and closing of a control wvalve (V2, V3) connected

to said evacuation can.

15.

(Amended) A desalination apparatus according to

20 claim 14, wherein said control means (C) controls said

vacuum means (VP) and said control valve (V2, V3) so that

an operation of evacuating sald evaporation can and an

operation of opening said evaporation can to the atmosphere

are intermittently repeated.

25 lé6.

(Amended) A desalination apparatus according to

claim 14 or 15, wherein a plurality of evaporation cans (60,

60")

are disposed in parallel rows each consisting of at

least one evaporation can, said control means (C) controls
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5 18. (Amended) A desalination apparatus accoxrding to
any one.of claims 14 to 17, said desalination.apparatus
further comprises concentrated raw water discharge means

(Vv2) for discharging concentrated water from said

evaporation can.

10 19. (Amended) ‘A desalination apparatus according to
claim 18, wherein sald concentrated raw water discharge
means is formed by said control valve (V2) connected to the
lower part of said evaporation can that is opened or closed
by said control means (C).

15 20. (Amended) A desallnation apparatus according to
any one of claims 10 to 17, wherein sald evaporation can
{60, 60’, 60"), heat exchanger (92, 92'), condenser (20),
distilled water tank (T), vacuum means (VP) and raw water
supply means (V3) are unitized in a single frame (F).

20 21. (Amended) A desalination apparatus according to
claim 18 or 19, whereln said evaporation can (60, 60’', 60"),
heat exchanger (92, 92'), condenser (20), distilled water
tank (T), vacuum means (VP), raw water supply means (V3)
and concentrated raw water discharge means (V2) are

25 unitized in a single frame.

22. A desalination apparatus according to cléim 20 or 21,
wherein plural of said desalination apparatus unitized in a

single frame are further assembled in a single unit (U, U', U").



