1 DESCRI PTI ON DESALI NATI ON APPARATUS, DESALI NATI ON METHOD, AND FLOATI NG
PORQUS CARRIER 5 Technical Field The present invention relates to a
desal i nati on apparatus and a desalination nethod for desalting saline water
such as seawater or salt water, and nore particularly to a desalination
apparatus and a desalination method suitﬁbly used in an and | and, a desert,
and an isolated island for extracting fresh water from saline water by
utilizing natural 10 energy. The present invention also relates to a
floating porous carrier for use in BESORIPTI®Nal i nati on apparatus and a

desal i nati on net hod. Background Art A desalination %Bﬁaratus for desalting
seawat er or saline @MT@NMPWTH& BESALERAEION MEFEEEYt . an i sol at ed

island, and the like. At pr i nati on appar at us
general ly uses petroleun1orEE&?%@QB@ﬁﬁﬁﬁﬂy@bﬁgéﬁggﬁﬁé%brane, t hus consuni ng
a |l arge amount of energy. Such apparatus itself causes environnent al
pollution. On the other hand, there has been known a desali nation apparatus
utilizipg solar 20 heat which is ngtchnadal Fiedd gy. For exanpl e, Japanese
| ai d- open patent publications No. 11-156341 and No. 11-207318 disclose this
ki nd of desal i nafliherpragptiiztenton Holates o, a desalisatappapparatss laad a deshpitianat ed
curs an increased installatio cost .,
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floating on the seawater, and solar heat is collected by a solar collector
di sposéd orneghot Therprkertheventink akso relgtes do eptingiperouih earsienfwatuse in fuch a
addition to this, Japanese |ajd-open patent publication No. 57-21976

di scl oses 4¢ é"l“i"]ﬁ%ﬁﬁa&ﬁu%@‘dﬁé{eﬁﬂﬂlaﬂﬁ A5thoddome-1i ke filmstructure
conprising a translucent sheet which airtightly

Background Art
A desalination apparatus for desalting seawater or saline groundwater is

15 indispensable in a desert, an isolated island, and the like. At present, however, the
desalination apparatus generally uses petroleum or a reverse osmosis (RO) membrane,
thus consuming a large amount of energy. Such apparatus itself causes environmental
pollution.

On the other hand, there has been known a desalination apparatus utilizing solar

20  heat which is natural energy. For example, Japanese laid-open patent publications No.
11-156341 and No. 11-207318 disclose this kind of desalination apparatus. However,
this apparatus has a complicated structure, and therefore incurs an increased installation
cost. There is also an evaporator having a condenser which collects sunlight to generate
heat energy for evaporation.

25 Japanese laid-open patent publications No. 56-130291 and No. 56-133088
disclose a system for producing condensed water. In this system, seawater is introduced
into an evaporation tank floating on the seawater, and solar heat is collected by a solar
collector disposed on a bottom of the tank so as to evaporate the seawater. In addition
to this, Japanese laid-open patent publication No. 57-21976 discloses a desalination

30 method using a dome-like film structure comprising a translucent sheet which airtightly



2 covers a surface of seawater. In this desalination nethod, carbon dioxide
is introduced into the filmstructure and heated by radi ant heat of the
sun, so that the seawater under the carbon dioxide is evaporated.
Thereafter, condensed water is collected during the nighttinme when an
outside air tenperature is |owered. In this nmanner, the seawater is 5

desal ted. However, although the above-nenti oned conventi onal apparatus does
not require a large installation space, it has a conplicated structure,

whi ch causesvas hisgiface ofsdeatvhtat.i din thisiesalfatidh exthodhearbere dokidelie aftradocéd/ or
fossil fuel incurs an increased running cost. Al though the desalination
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for desalting saline water by efficiently evaporating the saline water with

use of bthedsallited. heat, i.e., natural energy, and then efficiently condensing
t he vapor. Another object of the present invention is to provide a

desal i nati on appdfoatayst, aplthongh ddgapbeystmesrioned nedvericsnl @aparges afeest pet
saline water with.a si.nple .structure at a lo runni ng cost, Furt her,

anot her b ERPTeGt AR MTAIRHRR SRt 1 Campleaishottdts RISk HES S68hbr ous
carrier fohndaeibh cs4CNFarRESHk LSS QB:tABRAbAYST RR0inBud 8 3hdrbALH Athrigg hod.
In order to achieve the above objects, according to an aspect of the present
i nvention, cofter Althsuglr ehei disalliratide sppamaaisiutihizmgpatatheat tor achisel 4 lovg cest] | ne
water. The apparatus conprises a structural body in which a hernetically
encl oséf i efligi¢nsy ispetdugh enoughr med; a partition dividing the interior space
into an evaporation chanber and a 25 condensati on chanber; a

sunl i ght - perneabl e nenber constituting an upper surface and a front surface
of the evaporation chanber; and ﬁisch&gﬁéoﬂﬁ%eﬁio fin and a cooling water
passage provided on a wall of the condensation chanber for inproving a

condensation ef fldetprestheinesaipamnat besh mhdviberdand stive tikaddendativackss hanber
communi cate with each other at an upper portion of the interior space. The
evapor at i ons citapbiset 9hsthanprepgnét ingention to provide a desalination apparatus and a

15 desalination method for desalting saline water by efficiently evaporating the saline water
with use of the solar heat, i.e., natural energy, and then efficiently condensing the vapor.
Another object of the present invention is to provide a desalination apparatus and a
desalination method which can desalt the saline water with a simple structure at a low
running cost. Further, another object of the present invention is to provide a floating

20  porous carrier for use in such a desalination apparatus and a desalination method.

In order to achieve the above objects, according to an aspect of the present
invention, there is provided a desalination apparatus for desalting saline water. The
apparatus comprises a structural body in which a hermetically enclosed interior space is
formed; a partition dividing the interior space into an evaporation chamber and a

25  condensation chamber; a sunlight-permeable member constituting an upper surface and a
front surface of the evaporation chamber; and at least one of a fin and a cooling water
passage provided on a wall of the condensation chamber for improving a condensation
effect. The evaporation chamber and the condensation chamber communicate with each
other at an upper portion of the interior space. The evaporation chamber has an inlet of

30 saline water and an outlet of the saline water which has been evaporated and



30 saline water and an outlet of the saline water which has been evaporated
and 3 concentrated, and the condensation chanber has an output port of
condensed water. In a preferred aspect of the present invention, the

desal i nati on apparatus further conprises nultistage trays provided in the
evaporation chanber; and a gutter provided on an uppernost one of the trays
for introducing the saline water to the trays. The trays 5 are inclined so
that the saline water flows down the trays in the formof a thin film In a
preferred aspeutraef, atdehpcesientationcbahbarhas tineutpuapot of ¢omderskdmacar. and t he

condensation chanber are di sposed on both sides %f th? partition. {“r“r@ﬁ
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condensati on chanber forns a condensation surface, and the condensati on

sur f ace5hasrainclimadysoghattbe salina wumrtﬂ.ﬂwsofoumrlhb ktrays megeu faami dafiaghinddmas t o
i ncrease a condensation area. In preferred aspect of the present
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porous carrier floating on the water surface enclosed by the encl osing

vessel . Theoppbstatsidegpiithe sunsy 2Biec aThe eondessatonetiabyeniayesifioredan tiee shaderof hi n
films of the saline water on a surface and an inner portion of the floating
por ous 18ar rthepartifion.a pref err ed aspect of the present invention, the

encl osi ng vessel Irrll aas gfe*‘rgg pec][ OF th%gbrgsent 1nveﬁ10[1)1 %f Ffrrn{e?dsuﬁgé% Fa ¥ ll ol%:%}é?

present inventi on, oa 1 Ng porous carrier nprises a n'a
havi ng pyr %ﬁ&elﬁaﬁaﬁ aathbeh e5riRla %@é@gﬁoﬁ anRaRE z!lﬁdYthe Icen&npe&ﬁ)fneshmsle pappct  of

the present invention, the material Is zirconiumcarbide. According to
anot her aspesnty pbdte bhe npmbaaiﬂsmaﬂuﬂegulm;estsb @8 €0 insrepsecy/ caleldnsation area.

In a preferred aspect of the present invention, the sunlight-permeable member is

15 made of glass.

According to another aspect of the present invention, there is provided a
desalination apparatus comprising: an enclosing vessel installed on a water surface of
saline water so as to hermetically enclose the water surface; and a floating porous carrier
floating on the water surface enclosed by the enclosing vessel. The floating porous

20  carrier is moved by wave force to form thin films of the saline water on a surface and an
inner portion of the floating porous carrier.

In a preferred aspect of the present invention, the enclosing vessel has a
dome-like shape.

In a preferred aspect of the present invention, the floating porous carrier

25  comprises a material having pyrogenicity and thermal storage capability.

In a preferred aspect of the present invention, the material is zirconium carbide.

According to another aspect of the present invention, there is provided a
desalination method for desalting saline water. The method comprises installing an

enclosing vessel on a water surface of saline water so as to hermetically enclose the water

30 surface; floating a floating porous carrier on the water surface enclosed by the enclosing



desal ination nethod for desalting saline water. The nethod conprises
installing an enclosing vessel on a water surface of saline water so as to
hermetically enclose the water 30 surface; floating a floating porous
carrier on the water surface enclosed by the enclosing 4 vessel; noving the
floating porous carrier by wave force togformthin filnms of the saline

wat er on a surface and an inner portion of the floating porous carrier;
evaporating the saline water to produce vapor in the enclosing vessel;
condensi ng vessel; wapaong the flmatitg perous sauien by dvana tfence ¢; farm thimémsof thaselingf t he
encl osi ng vessel ; and collecting the gﬁgﬁgggnsed water. In a greferred
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encl osi ng \Bad&dked Waté@ BhediLlinme asReetofothet BACIFNAS BRbsel;N YLD tdofBetirigh€he

encl osi ng vessel has a 10 done-like shape. In a preferred aspect of the

present 5i neenddneed wathe f | oati ng porous carrier conprises a material having
pyrogenicity and_thernal storage capability. In preferred agspect of the
present inventi ofl 2PRECTEH &5PREH ot the presensinsntieny By Huer S%é%?@rogithf‘gert%PS%t her
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I'ng a material having p y an erna

carrier conprils yrogeni cit St or age

capabi | i ty.cohdenSedWRbeEIIREASRABE prfidddns i @ddttidnvrans etlesidd\ess@t erial is
zirconium carbide. According to the present invention described above,

because t he appalmtaiprdferseda aspEichpif ethe t pressntieveatidn,u thes emaldsings essel tias aand
solar heat, it |s possible to desalt water containing salt and the like at
a | ow £Bst domgrltkeshaRs- e, because the floating porous 20 carrier and the wave

force are used oy ondpe L (! Akl JRRGIEASHO Rl Moo ROLAET™C

econoni cal |y and effecien . a conventiona hod.” Brief
Descripti Qr&o&briﬁxsaavm%alEiasanglpyhﬁ%eﬁicwy%@ 15eRmhl K6vake YdpavilgIoW ng a
desal i nati on apparatus having cooling 25 fins attached to a wall of a
condensat i on chafbepreiecat apeg of thegpresensinventivmdthermiterd] is icconpme sahide.
i nvention; ) ) . . . .
According to another aspect of the present invention, there is provided a floating
15  porous carrier comprising a material having pyrogenicity and thermal storage capability.
In a preferred aspect of the present invention, the material is zirconium carbide.
According to the present invention described above, because the apparatus has a
simple structure and uses only sunlight and solar heat, it is possible to desalt water
containing salt and the like at a low cost. Furthermore, because the floating porous

20  carrier and the wave force are used to form the thin films, the desalination can be

performed economically and effeciently compared with a conventional method.

Brief Description of Drawings
FIG. 1 is a cross-sectional view showing a desalination apparatus having cooling
25  fins attached to a wall of a condensation chamber according to a first embodiment of the
present invention,
FIG. 2 is a plan view schematically showing a wall of a condensation chamber
with a cooling water pipe of a desalination apparatus according to a second embodiment
of the present invention;

30 FIG. 3A is a cross-sectional view schematically showing an example of a wavy



FIG 2 is a plan view schematically showing a wall of a condensati on chanber
with a cooling water pipe of a desalination apparatus according to a second
enbodi ment of the present invention; 30 FIG 3A is a cross-sectional view
schematically showi ng an exanple of a wavy 5 condensation surface; FIG 3B
is a cross-sectional view schematically ghowing an exanple of a
condensation surface having irregularities; FIG 3Cis a front view of the
condensation wall shown in FIG 3B; and 5 FIG 4 is a schenmatic view show ng
a desal i natcondenagtjparsatfase;according to a third enbodi ment of the present

i nvention. Best Mdde for Carrying Qut the Inventign Enbodi nents of the
present inventi oAl BB Headdewsrsesdenahaigy swhematicatly r depang gn e@mplg of

draw ngs. |nat| on apparatus (structural body) 1

conpri ses §°n%eélﬁ%,¥n%sgﬁfﬁeqbq I?%I'l”ﬁéue@n 8rnetically enclosed interior space of

the desalination@gpae & Hfont ViEw ome RRIRREHSTERAIB shdv fqmnmat e with
each other at an upper portion of the interior space. One of the two

conpart gents ser\R6. 4% asthemapiovieti showiippartesaliZatibn appaang aacording ed a shiot

saline water (sea water) and an outlet 10 of the saline water which has
been evaporegtbedingny of hedeesentanerntioand t he ot her serves as a condensati on
chanber 3 having an output port 13 of condensed water. The desalination
apparatus conprises a sunlight-perneable nmenber 5, e.g., a glass plate,

constituting an upper Surm@ﬁ%ﬂdfﬁ-cﬁerMgQUfﬂﬁcmvéﬂﬁo@n evapor ati on
chanmber side), both of which constitute a roof portion of 20 the

desal i nation appéfmdmﬂlsnem phthe ginesantginaergiopvatldei desuged belowrivith r¢feranhe to
present i nventl onis not limted to this structure. For exanple, a plastic
pl ate hBde tB3 draF8189et hyl ene, pol ypropyl ene, or acrylic resin may be used
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A material of the partition 4 is also not limted and can be selected from
al | into two compartments which communicate with each other at an upper portion of the
interior space. One of the two compartments serves as an evaporation chamber 2
15 having an inlet 9 of saline water (sea water) and an outlet 10 of the saline water which
has been evaporated and concentrated, and the other serves as a condensation chamber 3
having an output port 13 of condensed water. The desalination apparatus comprises a
sunlight-permeable member 5, e.g., a glass plate, constituting an upper surface and a
front surface (at an evaporation chamber side), both of which constitute a roof portion of
20  the desalination apparatus. Although a glass plate is used in FIG. 1, the present
invention is not limited to this structure. For example, a plastic plate made of
polyethylene, polypropylene, or acrylic resin may be used. That is, it is possible to use
all types of materials which are easy to use, capable of transmitting the sunlight to collect
the solar heat in the evaporation chamber 2, and excellent in strength and weather
25  resistance. A material of the partition 4 is also not limited and can be selected from all
types of gas non-permeable materials.
In order to increase the condensation efficiency, cooling fins 8 are provided on
an outer surface of the wall of the condensation chamber 3. In a second embodiment

shown in FIG. 2, a cooling water passage (cooling water pipe) 15 is provided on the outer

30 surface 14 of the wall of the condensation chamber 3. Seawater (cooling water) is



types of gas non-perneable materials. In order to increase the condensation
efficiency, cooling fins 8 are provided on an outer surface of the wall of
t he condensation chanber 3. In a second enbodi mrent shown in FIG 2, a

cool ing water passage (cooling water pipe) 15 is provided on the outer 30
surface 14 of the wall of the condensatign chanber 3. Seawater (cooling
water) is 6 introduced through a cooling water inlet 16 into the cooling
wat er passage 15, and is discharged through a cooling water outlet 17.

Si nce the dstaodhiced through acloalige dvavértinlean6 intocthe aseling evipermksage, 15t laad is
seawater is_introduced fromthe cooling water outlet 17  directly into the
seawat er i rifisshargedfhrppgh évw%aw%m&hg%er Syice thesgawaler iscdiharggd ryithsan
(cooling fi.ns) 8,cool the eyaporated .water . to outside;.air .te r.atyure
{or °t her ebymabtdreirg e HEoFaRaRE I ThFlpl S Hord e E51f o SREHEH L
made of a rHi&BﬂlWin‘?&ﬁie's@M&Ghle‘(@ o BBvapbragdiE thadbep @PPEr Or alum num A
shape, an ared, and the like of the air-cooling fins 8 are appropriately

desi gned accor di rithetair-@oling dins (esbliagding} 8 @bol the ek amshitetvatacsr td an lbatsidendensed
by the desalination apparatus. 10 Deep water may be used as the cooling

wat er to bdemperpiyivExdheiehy copdensiggl thagvangiaied Waes addemr-cqakingHing & 45¢, t he
cooling water.with,a.lo e rature can b obt ai ned at .a |low,cgst. A

conbl nat | o i hiebl B EPRG AR e a0 o o g BimBom” A St 45 can
be enpl oyedyed Nind theikB&r HE LA dRANETHRM RN bpprOptidtélS RSRnEd AY¥SorBing 8 a
provided in the 15 evaporation chanber 2. The trays 6 are inclined so that
t he sal i ne reqiird apsmanaf the fresf wates tadlsveondbesed bayise desalinatibe apgarauef a thin
film A gutter 6a for introducing the saline water to the trays 6 is

provi déf on an uprepvier Baebeusedhes the gpeling waley tavhe itjodncedniatd thg caokirot h
flat surface can be used for,.the trays 6. Exanples,of ,such a materi al

el ude. a MG PGS Thmall Bt s, T8 ciopEpe BB Py R G E i b o
made of 20 o%@éémtm R cos 0! XRIAYARR: of Fhe ef?lc}sxﬁﬁgvhngblagg'tﬂéco@iﬁ hef, and
a nonwoven fabric. The desalination apparatus is Installed in such a state

t hat the cgneapsasicanbe ehplobet 3 is positioned in the shade. Specifically,

t he desalination apparatus is_ installed such that the evaporation chanber 2
faces toward the Isoutfirthespdesailede empodiment, multistage trays 6 are provided in the

15 evaporation chamber 2. The trays 6 are inclined so that the saline water (seawater)
flows down the trays 6 in the form of a thin film. A gutter 6a for introducing the saline
water to the trays 6 is provided on an uppermost one of the trays 6. Any material
having a smooth flat surface can be used for the trays 6. Examples of such a material
include a metal plate made of iron, copper, or aluminum, a plastic plate made of

20  polyethylene, polypropylene, or polyvinyl chloride, a fabric, and a nonwoven fabric.

The desalination apparatus is installed in such a state that the condensation
chamber 3 is positioned in the shade. Specifically, the desalination apparatus is
installed such that the evaporation chamber 2 faces toward the south (opposite in
Southern Hemisphere) from which the sunlight L comes, and the condensation chamber

25 3 faces toward the north. Since these chambers are divided from each other by the
partition 4, the condensation chamber 3 is positioned in the shade of the partition 4.

With the above-mentioned structure, the saline water is evaporated in the
evaporation chamber 2 to form water vapor 11. The water vapor 11 ascends as an
upward flow and moves from the evaporation chamber 2 into the condensation chamber

30 3 through the upper portion of the apparatus. Thereafter, the water vapor 11 is cooled



Sout hern Hem sphere) from which the sunlight L cones, and the condensation
chanber 25 3 faces toward the north. Since these chanbers are divided from
each other by the partition 4, the condensation chanber 3 is positioned in
the shade of the partition 4. Wth the above-nentioned structure, the saline
water is evaporated in the evaporation ghanber 2 to formwater vapor 11.
The water vapor 11 ascends as an upward flow and noves fromthe evaporation
chanber 2 into the condensation chanber 30 3 through the upper portion of

t he appar atand.cofidensedflyeran inher grrfane (2apordensatios swficed’)7ot dhed wabind€rtbed by

chanber 3 OB LTBROG it S THer AGpleholdr 147 PR M SRS SURIBEIC, ¢ |
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nunber of irregularities on the i1nner sur of "t'he wall o
condensat i Qpafihia@p@arifes 6n tike fmeMsirfRe e pelll bDtheSevntianation chdnfisdd e 11
The present invention wll be further described in detail wth an exanple

gi ven bel dorm the cohderisatidpesunfaced. t hat nodi ficati ons may be made wit hout
departing fromthe. concept of the present invention. Therefore, the scope
of the predE¥¥MPIEVéntion is not 10 limited to the exanple described bel ow.
The desal i nation ! I i t 0 (the
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1,800nmm and a height of a front end at the evaporation-chanber side was

1, 200mm A coe¢aphiof dlfie piesent Snyeation.t | Birerefosp sbe scdpetofsbe prasentanwgbioatis ot
chanber anj, t.he condensaicj n ¢chanber was 1,500nm and the roof portion was
made of Ot r aaifpdhta the gagpée Wnation apparatus was installed in such
a state that the I 0S1. L J: ' and

t he condensati on @\égdr%g%&%{glg a@(}ﬁ???%&@ﬁgﬁ e?‘ héﬂnﬁg@ﬂﬁf&% %ﬂg’ﬁ??ﬁg’%g%lﬁidgﬁ% ation
chanber hadvapdiatidn Shanfbedel SODAR, ethPad@leds¥idsh SRahbRt 508MBY)I NS alidiesp! t s
20 coul d be conpared between the air-cooling type using the fins and the

wat er - cool i@P0nype Auwighy of heearcamidiat ghenaindensatipe-chianidrisidy wast EBOQams agk)

t hrough whi ch seawat er fl owed. ) ) .
a height of a front end at the evaporation-chamber side was 1,200mm. A height of the

15 partition disposed between the evaporation chamber and the condensation chamber was
1,500mm, and the roof portion was made of transparent glass. The desalination
apparatus was installed in such a state that the evaporation chamber was positioned on
the south side and the condensation chamber was positioned on the north side. The
condensation chamber had a wall of a detachable panel type so that experimental results

20  could be compared between the air-cooling type using the fins and the water-cooling type
using the cooling water pipe (cooling water passage) through which seawater flowed.
In the case of the water-cooling type, the seawater was introduced into the cooling water
pipe through the cooling water inlet located on the upper portion of the wall, as shown in
FIG. 2. Five trays were disposed in the desalination apparatus in such a state that each

25  tray (1,800mmx1,000mm) was inclined at an angle of 5 degree to a horizontal plane.
An outside air temperature was 28°C, and a temperature of seawater to be supplied to the
evaporation chamber and the cooling water pipe was 20°C.

The experimental results were as follows: In the case of the air-cooling type,
an amount of the condensed water recovered (an amount of water recovered as fresh

30  water) was 19 liters per day, and was 10.6 liters per unit area (square meters) of the



In the case of the water-cooling type, the seawater was introduced into the
cooling water pipe through the cooling water inlet |ocated on the upper
portion of the wall, as shown in FIG 2. Five trays were disposed in the
desal i nati on apparatus in such a state that each 25 tray (1, 800mmx1, 000mm)
was inclined at an angle of 5 degree to ? hori zontal plane. An outside air
tenperature was 28C, and a tenperature of seawater to be supplied to the
evapor ati on chanber and the cooling water pipe was 20C. The experi nment al
resul ts wengpésndsotaps thel ¢vapbraticaskambertpee day.r -Oookd ofett ke, in tie c@soont  of
t he condensed water recovered (an anmpunt of water recovered as fresh 30
wat er) was thoweier-epalingdypei ap amenat ofthe qondgnsediveter rgepverad Wasadeliesgn daw

neters) of the 8 pernost tray in the evapar,ati on chanber per day..On the
other hand, v “LHEt TR in RBP4 (it o5 RE LR st SRS i el e
condensed Vgh@hel REQYLred was 24 liters per day, and was 13.3 liters per
unit area (square neters) of the uppernost tray in the evaporation chanber
per days5 5 Wth tWwih diesddsaligdtionrappppaisdbridesabingdestal ¢omgningtselt aadnlialiké ng
salt and the |ike according to the present invention, the saline water was
ef fi ci ent | yaceardingrtat i msgsenhiventinng thé, saline water wap £fligientlyeereapgiateda byl thhe

ted wat densed t fresh water. Th tal
eeult 5 ShoWPH AR £ Re TABEITRED; N AISpYEDTLE, Malchags BoRTRed {fut FBR can

produce a I\g{tgei ?{Eg;%‘&’gﬁ eﬁtﬁ??&ul’é@ts%w athatathkzgcﬁ!sﬁ%{ioh Irhgﬁ{kg%{fc%*gﬁgﬁré%é&g as

10 an isol ate a desert ere fre wat er

times. Nextinvehtidesah proauton lagpanhainof diesiondtendt & tova codiin arié pdpdshissach aof t he
present invention will be described with reference to FIG 4 illustrating a
schemaf.Dc \andsplathé istenid and jardesért whenetitesh miaker is lackiogrell thedémemcl osi ng vessel 22

5 el on Sl S 6 S SHRLE B P BB AR 2,
carriers 23111_{14611?@{- Wil bk SQ%Y‘BE@(Vitﬁ%Fe%‘Se ﬁi;gﬂ(?%%u&}ﬁtiaé Eéct%‘?x‘[&‘?fc'dfié‘\? tifeféofOS! NY

vessel 22. oatin orous carriers are nove wayv e orce to form

thin films of thdansaisi disboiaherdt, @nddiny-filke @fcladiflg ivesRI 2PAE lihdilkedObn tahater
carriers, and the saline water are thus evaporated in the done-I|ike

encl osi ng wesfged op 3alineTwatee &1t sch ashseawajsorsoi & tsohefaretiealyt endlosentheowatensed
vat er ?g ansuir age?r A? glru];ﬁﬁ)? o? hoétpneg porous carriers 23 float on the water surface enclosed by
the dome-like enclosing vessel 22. The floating porous carriers 23 are moved by wave
force to form thin films of the saline water on surfaces and inner portions of the carriers,
and the saline water are thus evaporated in the dome-like enclosing vessel 22.
Thereafter, the vapor is condensed to form condensed water on an inner surface of the
20  dome-like enclosing vessel 22. The condensed water flows down the inner surface of
the dome-like enclosing vessel 22 and is then collected.

When the floating porous carriers 23, which float on the water surface enclosed
by the dome-like enclosing vessel 22, are moved and rotated vertically and laterally by
the movement of wave, the thin films of the saline water are formed on the surfaces and

25  inner portions of the carriers. Because the thin films of the saline water are formed on
the surfaces and the inner portions of the floating porous carriers 23, the saline water can

be easily evaporated and dispersed in the dome-like enclosing vessel 22.
In the dome-like enclosing vessel 22, during the daytime, the evaporation of the

saline water is accelerated by radiant heat of the sun, and the supersaturated water vapor

30 is convected. On the other hand, during the nighttime, the vapor is condensed to form



20 done-1li ke encl osing vessel 22. The condensed water flows down the inner
surface of the done-1like enclosing vessel 22 and is then collected. Wen
the floating porous carriers 23, which float on the water surface encl osed
by the done-1like enclosing vessel 22, are noved and rotated vertically and
laterally by the novenent of wave, the ghin filns of the saline water are
formed on the surfaces and 25 inner portions of the carriers. Because the
thin filns of the saline water are forned on the surfaces and the inner
portions ofwatéradrdplemtonnbe moeowsfacaof the dom@diketehelosiag ivesseMZX er can be easily
evapor ated and dispersed in the done-]ike enc)] osing vessel 22. |n the
dome- i ke encl osiStingetaks 23are le?Yq&%_jJ PRndeAk Pﬁ@?gtqfeti@v%r% %ngth‘% he
sal i ne wat ef__j S:18C r aghi f the.: .
super sat ar oA REERloSigRsseky2 | SPARs e EbIoR orf BE RSP PR S dpmertie e

ni ghttime, &hBiBsinaReEsel B2 AGRUERMEAH: Ifdef QIrTAcE andVBle@ol186tOPInthS s@Rinf ki Paer
surface of the done-like enclosing vessel 22. Storing tanks 24 are provided

on an ehd fodtingrbaliest 2fe atenprevidsd rohathe lowert bied pdoive-dfi the donetlisi enplosess el
22. The water droplets on the_inner surface of the done-like enclaosing
vessel 22 feswl dbimthahibeidamerlike enelasias yaesebdzcandie isstalisd onthe patesuifacey t anks

24. 5 Fl oating bagi 5 are provide n the | ower .en oftion. th

dorre-1 | ke enci osi 115 1epde 3pfss BTt PR Fored Bl CRETAC R PL kR can
be install eglifNwhite tydeedesSitdd! a6 therdfdfe fibMasA e RO USatAr ISifleSthd Jalidy/e a

| ower density (specific gravity) than the saline water to be desalted, and

t her ef ore fWaattoore téseltahhane highee densBiyntban phee water Qleavingat eendity dofel)lebal t ed
has a hi gher density than pure water (having a_density of 1%1 the 10

f1oati h§ pdlogtisg paiops eargers33itg bpuserkdaing mesrssarp bavesniensyy REless haadnsity of

|l ess than 1. Accoyding tp a.te rature and oncent ration of the saljne
water such as sal ccoﬁ%ﬁ)?gng)gp " aﬁnfiead&mf;?{@m%f)gé’? irﬁhegs%lf}? &?gerégpﬁﬁ%lsaé{ 23
are desi gneghlQohR\isaedPiile fﬁfdﬁﬁgﬁbﬁus parieH 304 MRlighed Bhal @ h MM stiftbid hi n
films. Wth this structure, the in filnms can be ornmed efficiently. The
floating pgoous dianeteefe Bommpehetighdilak) y WitdehiobtracturexthertkinofiinisScan tase
material and a material having pyrogenicity and thermal stor a?e capability

such as zifpendi efficieatlyi dehe ffopsing popaysi GrEresh 3 8t pigievably elade of g apiveie oo

encl OS?St hea B’.\a%é Hatetial snd & %%gel#ﬁFﬁiaving pyrogenicity and thermal storage capability such as

zirconium carbide.

The dome-like enclosing vessel 22 serves to enclose the water vapor produced
from the water surface by the radiant heat of the sun, condense the water vapor to
produce water droplets on the inner surface thereof when the outside air temperature is

20  lowered, e.g., during the nighttime, and allow the water droplets to flow down the inner
surface thereof to collect them in the storing tanks 24. Material, structure, shape, and
size of the dome-like enclosing vessel 22 are not particularly limited so long as the
dome-like enclosing vessel 22 has the above-mentioned functions.

[Example 2]

25 The third embodiment of the present invention will be described in detail with
an example given below. It should be noted that the scope of the present invention is
not limited to the example described below.

Two dome-like enclosing vessels as illustrated in FIG. 4 (hereinafter referred to
as a first dome and a second dome), each having a diameter of 500mm, were used and

30 floated on seawater retained in a water bath (2,000mmx2,000mmx500mm). The



fromthe water surface by the radi ant heat of the sun, condense the water
vapor to produce water droplets on the inner surface thereof when the
outside air tenperature is 20 lowered, e.g., during the nighttinme, and all ow
the water droplets to flow down the inner surface thereof to collect them
in the storing tanks 24. Material, strucgtyre, shape, and size of the
done-1i ke encl osing vessel 22 are not particularly limted so |long as the
dore- | i ke encl osing vessel 22 has the above-nentioned functions. [Exanple 2]
25 The t hi rfbagny qebromsntarobrst (reatprigs grolystynerent¢:020min, | spbafidegravityped 3j nhalet ai |
with an exanple gi ven below It should be noted that the scope of the
present i nVBARHAT icarrieso20Q); Were datrodicen dntexthpfire draae 59 96 do sV eEhe gpbTe

dore- | i ke engl osi % | s i rat in_Fl 4 (hereij ter.referred
fo as a firar BAEe arat shSaBn b nb) et Pordiiiag s G TPRI-E] Bty
vere used agehnd3fbrid, OafHRAseaNaRE MR cCHateP bRhNRE hdltated'By 8h a?ﬁ‘itbr so that the

(2, 000mx2, 000mMmx500mm). The 10 floating porous carriers (material:

pol yst ybeneyatéresurface 2@asnruffledci The @radd tayr: tethpératbdeewansabar 287C cand iths:
200) were introduced into the first done so as to cover the entire water
surface. Ofemprayrhelthe seaavatesovas|seladti2AgC.por ous carries were introduced into

h dd .~ 1N [ h b ' d '
So that the 5 valdF SERTAERe e ke oM o b MR B Rt Wik St

at 28C, andeliRred! BMRETBEIHICIdHe WAS 0SEANRL BEr WRS 28 twal 3.80fers TR unit area
experinmental results were as follows: An anmount” of the condensed water

recover ed i(squahemsteey)nd thoseawats sOrficd ertobrsed perthelsgconddmegeer dap | Ohehs per
unit area aésquare nmeters) of the seawater surface enclosed by the second

done péf dayherdiand.pa amousit KE thergondensgd watgs agoveredtin dhe Bt dpme Wangd & fiters

recovered in the first was 2.7 liters r d and S .8 ljters per
ini ¢ ar ea (G HEE @b $ Mot Bir uiora bt it E e POSalR SyiRsekncla L

done per d .th@grsqlggﬁg'ggeglayabove, the desalination apparatus for the saline
wat er according to the présent invention can produce fresh water with a

si npl e structure Addaciitay abosé,, thadekalisatichapphratusebf detsalime wates atoordigg &
shortage of water. ) . ) )
the present invention can produce fresh water with a simple structure at a low cost, and is

15  thus effective in solving a shortage of water.

Industrial Applicability
The present invention is applicable to a desalination apparatus and a desalination
method used in an arid land, a desert, an isolated island, and the like for extracting fresh

20  water from saline water, such as seawater or salt water, by utilizing natural energy.



I ndustrial Applicability The present invention is applicable to a
desal i nati on apparatus and a desalination nethod used in an and | and, a
desert, an isolated island, and the |like for extracting fresh 20 water from
saline water, such as seawater or salt water, by utilizing natural energy.
11 CLAIMS 1. A desalination apparatus fg_ desal ting saline water, said
apparatus conprising: 5 a structural y in which a hernetically encl osed
interior space is fornmed; a partition dividing the interior space into an
evapor ati on chanber and a condensati@pABMS8nber, sai d evaporati on chanber
and sai d condensation chanber comunicating with each other at an upper
portion of the interior space; a sunlight perneable menber constituting an
upper surface and a,fr rface evap ratio at
"Bhet one of ca Tin AncRsBHP nePhth Yone BT B0 Rea DR’ acta) rorfALs
condensatiqgnﬁygﬂger for inproving a condensation effect; wherein said
evaporation c has an inlet of saline water and an outlet of the

sal i ne wat er whi chstiwamirdl®edy avapichathecmetivdllg endesedriatesd; spaoelisbroder ei n sai d
condensation chanber has an output port of condensed water. 2. A

desal i nation appar aa@@oac@mdmgqghq ontetieni Apage inthr teheevaporRpien sthagiber mudta st age

Upper mbst | GRS 47 erpﬁv" i} S ReT eI 1 0gHe 24/ Wik CosBeRAeT MR

trays; V\herc%hﬂmﬁﬁéaq?tgr e a@ft %t ePS‘J dfrﬂfiﬂ)]els oﬁlgﬁgf {HREnteAbs ‘ﬁcé"’at er flows down

said trays I n esalinati n appar at us

accordi ng to cl aianuhlight- ;?erm‘éh‘tﬂé membe%ommdn@vmqmt sorface defrostngriaad d
condensati on chanber are di sposed on both sides of said partition; said
evapor afi orrfehidreyaporptiondwmbesnad at sunny si de;

at least one of a fin and a cooling water passage provided on a wall of said
condensation chamber for improving a condensation effect;

wherein said evaporation chamber has an inlet of saline water and an outlet of
the saline water which has been evaporated and concentrated; and

15 wherein said condensation chamber has an output port of condensed water.

2. A desalination apparatus according to claim 1, further comprising:

multistage trays provided in said evaporation chamber; and

a gutter provided on an uppermost one of said trays for introducing the saline
20  water to said trays;

wherein said trays are inclined so that the saline water flows down said trays in

the form of a thin film.

3. A desalination apparatus according to claim 1 or 2, wherein:
25 said evaporation chamber and said condensation chamber are disposed on both
sides of said partition;
said evaporation chamber is positioned at sunny side;
said condensation chamber is positioned at an opposite side of the sunny side;
and

30 said condensation chamber is positioned in the shade of said partition.



sai d condensation chanber is positioned at an opposite side of the sunny
side; and 30 said condensation chanber is positioned in the shade of said
partition. 12 4. A desalination apparatus according to any one of clains 1
to 3, wherein: an inner surface of a wall of said condensation chanber forns
a condensation surface; and 5 said condgpsation surface has a wavy plate or
a nunber of small irregularities so as to increase a condensation area. 5.
A desal i nation apparatus according to any one of claims 1 to 4, wherein said
sunl i ght - perneabl e nmenber is nmade of glass. 10 6. A desalination apparatus
for desalting saline water, said apparatus conprising: an enclosjing vessel
instal l ed on a wek éydesglifagion apparatyp perording t anypngSf cimh b tods Whefeiny encl ose
the water surface; .and 15.a floatin orous, carrier floating on the ter
Sur f ace. encl osed By H0s; T phE Al %, B SpRiciRlbh EhalbbPatr P s tny sl e
carrier is ypy&dahy wave force to formthin films of the saline water on a
surface ang an 'nner portion of said floating porous carrier. 20 7. A

desal i nati on appaaritcsadasatdsrdsunfaceé bascd wavy platevdrer mintbes af singlh otegniangievsssel
has a dome-1i ke shape. 8. A desalination apparatus according to claim®6 or
7, wher ei n a4 ihefdagat conrflengpbiob@teacar ri er conprises a material having
pyrogenicity and thermal storage capability. 25 9. A desalination apparatus
according to claim8, wherein said material is zirconiumcarbide. 10. A

desal i nation met hogy fQn1iARRA! dpbRdtus et dtBingab Shy ofdlof cREhIP%o A0WREeH 84 30
installing an enclosing vessel "on a water "surface of saline water so as to
sunlight-permeable member is made of glass.
10
6. A desalination apparatus for desalting saline water, said apparatus
comprising:
an enclosing vessel installed on a water surface of saline water so as to
hermetically enclose the water surface; and
15 a floating porous carrier floating on the water surface enclosed by said enclosing
vessel;

wherein said floating porous carrier is moved by wave force to form thin films

of the saline water on a surface and an inner portion of said floating porous carrier.

20 7. A desalination apparatus according to claim 6, wherein said enclosing vessel

has a dome-like shape.

8. A desalination apparatus according to claim 6 or 7, wherein said floating
porous carrier comprises a material having pyrogenicity and thermal storage capability.
25
9. A desalination apparatus according to claim 8, wherein said material is

zirconium carbide.

10. A desalination method for desalting saline water, said method comprising:

30 installing an enclosing vessel on a water surface of saline water so as to



13 hernetically enclose the water surface; floating a floating porous
carrier on the water surface enclosed by said enclosing vessel; noving said
floating porous carrier by wave force to formthin filns of the 5 saline
water on a surface and an inner portion of said floating porous carrier;
evaporating the saline water to produce por in said enclosing vessel;
condensi ng the vapor to produce condensed water on an inner surface of said
encl osing vessel ; and collecting the condensed water. 10 11. A desalination
met hod accoktthétizallp efitlasethd Giatenledfaden t he i nner surface of said enclosing
vessel is inclined so that the vapor is convected and the condensed water
is led into a cordlbefisgd flpating parevs estiery the mates serfacgeacionedby snd epdesingn of
sai d encl osi ng, vessel. 15 12. A desalination nethod according to claim 11,
wher ei n saﬂﬁﬁghclosing vessel has a dome-like shape. 13. A desalination
met hod accordi ng &&iﬁ@&iﬁ%ﬁ%%@&%&ﬁ& By Yave BRSO Min ffnd lP3hd NI
porous carrier conprises a matérlal having pyrogenicity and ther nal st orage
capabi | bt y.sallfe wétefles akiifiateia@t) afixined fodios OF edid @obtingLpdrbid dadsierher ei n sai d
material is zirconiumcarbide. 25 15. A floating porous carrier,
conprising: a natezapahtingthe ngjinsywasergnipeoduge sagpbriimsaidancleting uepeelcapabi | ity.
16. A floating poroﬁlljs 'CarLi er accor di nc% to.claim15, wherein said teJi al
is 30 zirconi umCeB{eysiag the vapor to produce condensed water on an inner surtace of sai
enclosing vessel; and

collecting the condensed water.

10
11. A desalination method according to claim 10, wherein the inner surface of
said enclosing vessel is inclined so that the vapor is convected and the condensed water
is led into a condensed water collecting tank provided on an end portion of said enclosing
vessel.
15

12. A desalination method according to claim 11, wherein said enclosing vessel

has a dome-like shape.

13. A desalination method according to any one of claims 10 to 12, wherein said
20 floating porous carrier comprises a material having pyrogenicity and thermal storage

capability.

14. A desalination method according to claim 13, wherein said material is
zirconium carbide.
25
15. A floating porous carrier, comprising:

a material having pyrogenicity and thermal storage capability.

16. A floating porous carrier according to claim 15, wherein said material is

30  zirconium carbide.



