DESCRI PTI ON SPI RAL TYPE SEAWATER DESALI NATI ON APPARATUS 5 TECHNI CAL FI ELD
[ 0001] The present invention relates to a spiral type seawater desalination
apparatus capable of reducing the fluctuation in reverse osnosis nenbrane
el ements housed in a pressure vessel. 10 BACKGROUND ART [ 0002] An
evaporati on nethod by which seawater is evaporated, and a reverse 0sSnosis
nmet hod by which seawater is pressurized to_pass through a type of a
filtration 15 nmenbrane called a re@%?EEIBEﬁggis menbrane (RO nenbrane) to
filter fresh water while the salt content of the seawater is concentrated
and di scharged, have been used as conventional nethods to obtain fresh

wat er from seawat eFPtRAL TEFRaAENEREER RDIRABINAT &PNr BVEASETOSnDSI s net hod
is superior to the evaporation nethod in energy efficiency. However, the
reverse osnosi s nethod has such problens that a careful pretreatnent (a
treatment gscpgItan whtrafiltrati on menbrane (UF nenbrane)” or "a
mcrofiltration nmenbrane (ME 25 nmenbrane)"” that reduces a turbid content in
seawat er th8PCls rawliat BFFSEBLr eQlieREHCB0T8s2RBE £6 &1 BglEhe ROPRenbrane

with mcro i [ t a j n e or the
like is cogé?gngggggF%%gﬁgﬁggﬁo?bggggﬁﬁg géﬁ%@?% %gn%?gﬁgﬂg pgggtuses 30

i ncl ude: aflhothewistringraeabsanebmbype memersecoshesest sAenbrang appar at us
nol ded into a hollow string-like shape with a substantially pasta-sized

wi dth, and®fPfEar8“frdhrotfsi de to inside; and a "spiral nmenbrane" type

rever sg
BACKGROUND ART
[0002] An evaporation method by which seawater is
evaporated, and a reverse osmosis method by which seawater
is pressurized to pass through a type of a filtration

15 membrane called a reverse osmesis membrane (RO membrane) to
fiiter fresh water while the salt content of the seawater
is concentrated and discharged, have been used as
conventional methods to obtain fresh water from seawater
that is raw water.

20 The later reverse osmosis method is superior to the
evaporation method in energy efficiency. However, the
reverse osmosis method has such problems that a careful
pretreatment (a treatment using "an ultrafiltration
membrane (UF membrane)"™ or "a microfiltration membrane (MF

25 membrane)" that reduces a turbid content in seawater that
is raw water) is required so as not to clog the RO membrane
with micrecorganisms and deposits in seawater, and that
maintenance or the like is costly.

[0003] Examples of reverse osmosis membrane apparatuses

30 include: a "hollow string membrane" type reverse osmosis
membrane apparatus molded into a hellow string-like shape
with a substantially pasta-sized width, and filters from

outside to inside; and a "spiral membrane™ type reverse



osnosi s nenbrane apparatus in which a sheet of a filtration nmenbrane is
overlaid with a strong nesh support to keep its strength wwth their edges
bonded to form an envel ope, the envelope is then wound in a Sw ss rol
fashion, and 5 pressure is applied fromits cross-section direction. For
the pressure application, for exanple, high-pressure punps such as turbine
punps and plunger punps are used. [0004] The reverse osnpsis nethod, has
difficu|ty0§80§5§amﬁg§éﬁéﬁ goaprayUds thi yhia8 enhabesbt afnedfbyttaeien

evaporatiogeﬁﬁkgag-izh%%eEQEEd i@hugagk&xnafmgexeg§§§9§gv§bskgs br ape

apparatuses needs to be conbined to obtain high puri water quarity.
An enbodi nentreofita seahateridesdbenabbonedppar dvus efr antehvpati dhal spiral

[ m t i 9. d. in Fig. 8 (Patent
Docurent 1233 50aESe PRCEH TABRIY 3t Ron "EALArBRan RG" -9001 1976 72) .

[0005] As SBQ@@sh@eFﬁg-aﬁF;QeHeYQE&ei@%"@%b%sﬂﬁéﬁtﬂﬂﬁ ARdukeibnlt Fsr
constituted with a plurality of reverse osnosis nenbrane nodul es 103 (three

modul es i nthEi ®regsamtodrrertRrtppovi ded exHapaisgl | BEOhhPEE§RUACpBERBAL ed

wat er pi pe . .Ea . th e i ra es 103 has a
plurality Sﬁgﬁeﬁgrggr%éﬁ%sﬁg&ﬁénéﬁgngigﬁgﬁ%nE§%¥81Q?ﬁg?ggé'seriaIIy
connected t{60€d¢h ot mar apdcrschousediinmatbayld hdsi cakkfpressyr eovessel 102.

25In Fig. 8, nuyneral 105 denotes raw water (supplyin er 106 denotes
per meat ed RRLCELD Té?eﬂeHBEgétgoﬁéeﬁﬂﬁg?éﬁ ?gr?kéﬁdg?gggée%B?es a brine
seal . {9006LA sheWBn Rekhad. 9, Thercexaapl @, peagh 10t yt Be L-everL8e OSNDSIi S
menbrane el enents 101 has a structure in 30 which an envel ope- shaped

reverse ospsssigermsmanentl3rpackiidicng acpdssagebracenpanedl2oi gbwsind

spirally m%ph a_mesh sgg%gg 114 .around a collecting pipe 111, and the brine

seal 115 islﬁpogﬁéééya oné H815 “the reverse osnosis

An embodiment of a seawater desalination apparatus of
a conventiconal spiral reverse osmosis membrane apparatus is

15 represented in Fig. 8 (Patent Document 1: Japanese Patent
Applicaticn Laid-open No. 2001-137672).

[0005] As shown in Fig. 8, a reverse osmosis membrane
module unit is constituted with a plurality of reverse
osmesis membrane modules 103 (three modules in this

20 embodiment) provided in parallel through a permeated water
pipe 104. Each of the reverse osmosis membrane modules 103
has & plurality of reverse osmosis membrane elements 101
that is serially connected to ecach other and is housed in a
cylindrical pressure vessel 102.

25 In Fig. 8, numeral 105 denctes raw water (supplying
water), 10€ denotes permeated water, 107 denotes
concentrated water, and 115 denctes a brine seal.

[0006) As shown in Fig. 9, for example, each ¢f the
reverse osmosis membrane elements 101 has a structure in

30  which an envelope-shaped reverse osmosis membrane 113
including a passage material 112 is wound spirally with a
mesh spacer 114 around a collecting pipe 111, and the brine

seal 115 is provided at one end of the reverse osmosis



menbr ane el enent 101. Each of the reverse osnobsis nmenbrane el enments 101

| eads supplying water (sea water) 116 with a predeterm ned pressure
supplied fromthe front-side brine seal 115 into the space between adjacent
surfaces of the 5 envel ope-shaped reverse osnosis nenbrane 113 through the
mesh spacer 114 in turn. Pernmeated water (fresh water) 117 passed through
the reverse osnosis nenbrane 113 by reverse osnosis is brought out froma
rear seal IeBOrEREughetRBetcéPlect ERghpPpethelrevsreenpraPBdSWEEBPTa29 |

also 10 br%ﬂ%ﬁ%ngi&@ﬁoﬂééﬂﬁ Eﬁg%%§%ﬂ§p9£t%??éé8¥e&§§e9?”9§%Swggﬂb5ane

el enment 10 eén"usrng s Ira ver se osnosi s nmenbrane
el enrent 10predetseawatdr pdesalirpatipp,liabotitosi xheéofeoghtsofiet heinever se

0SnDsSi S pressur nbrane_el ements, 101 are 15 housed in a single pressure
vessel 1025F8Ebglg§éBFo[6668?@?@ﬁr?§?ﬁﬁ§“tP a2f§pe ?8€£?§85083n§b (RO

devi ce gonghkuebed-whkRed PEYERLL! ¥sRbsekeneRbsaRasiaksenbegnnhdeyvel oped
(Pat ent Docunent  2: Japanese Patent Application Laid-open No. 2007-125527).

20[ 0009] Theepaaspaserhelél enentsnar ePhousetdeprnveherpléssahevatssel 1102 are

descri bed low. \When, it he_n r. of _rever i rane_elenents
101 housed ER RS ERGP Ry bbaur B P eeser oT55 Fo  FRET Ehged  to redge the
nunber of peessteteivebsebgniO2nutt hecnuaberaef s251hiigh pressyhetheanched

pi pes is reduced, which cuts_construction costs. Zé%Reducing t he nunber of

pressure vE84EF§tiDg Pnsfalléd | 8BSPETERET BALEEI Oh”of SaftPRst al | ati on
area regui Led,qnd) oBY FedCLAg LBg NuTber .0f (REeSSYESsuessRbs1 102, a 30

suppl ying water anount flown into a single reverse osnosis nenbrane el enent
101 aver agakeybiraceeasesenBeélise of this, concentration polarization

phenonenoniOB%?WhiChwkg% using such a spiral reverse osmosis membrane

element 101 for seawater desalination, about six to eight
of the reverse osmosis pressure membrane elements 1C1l are

15 housed in a single pressure vessel 102 to be used.
[GC08] A Christmas tree type reverse osmosis (RO) device
constructed with a plurality of elements has also been
developed (Patent Document 2: Japanese Patent Application
Laid-open No. 2007-125527).

20 [00C9] The reasons the elements are housed in the
pressure vessel 102 are described below.
1) When the number of reverse osmosis membrane elements 101
housed in a single pressure vessel 102 is increased to
reduce the number of pressure vessels 102, the number of

25 high pressure branched pipes is reduced, which cuts
construction costs.
2) Reducing the number of pressure vessels 102 installed
leads to the reducticn of an installation area required.
3) By reducing the number of pressure vessels 102, a

30  supplying water amcunt flown into a single reverse osmosis
membrane element 101 averagely increases. Because of this,
concentration polarization phenomenon, by which the

concentration is elevated at a membrane surface, can be



concentration is elevated at a nmenbrane surface, can be suppressed to

i nprove desalination performance. [0010] Patent Docunent 1. Japanese Patent
Application Laid-open No. 2001-137672 5Pat ent Docunent 2: Japanese Patent
Application Laid- open No. 2007-125527 DI SCLOSURE OF | NVENTI ON PROBLEM TO
BE SCLVED BY THE | NVENTI ON 10[ 0011] When t he nunber of reverse osnosis
menbrane el enents 101 housed in a single pressure vessel 102 is increased
(ten el eneRUBPrEEFeExARPIBPrOoVRed8PfféPahéBNDEEREERTERE WAt er qual ity fl own
in the front reverse osnosis nenbrane elenent (1-th) and the water quality
flowmn 15 in the rearnost reverse osnosis nenbrane el ement (10-th)
increases.[Wﬁﬂ@}resupasehm aopnobhémiasJshewasenPeignt1BppTheatmoont of the
pr oduced obtal %Ogﬁ1ﬁgﬁé5§arnost reverse osnosi s nmenbrane (10-th)
is extrene gnﬁ??@r Pha e t of the produced water obtained from
the fromt 20 re@@&@ﬁt0@6E§m§nHEQbr@BgaﬁésbhbatEQQlﬂbP§i§B@mﬁnlﬂaEﬁg- 10,
the nmenbrane of the front reverse osnosis nenbrane el enent (1-th) produces
a | arger anrbent Not péPreakéd?vat er than the menbranes of other el enments. As
aresult, only the front nenbrane is 25 extrenely likely to be stained. On
t he ot her hand, the nenbrane of the rearnost reverse osnpbsis nenbrane

el enent (1®{EULOEUBQUOESINhENéXDNeneIy smal | amount of perneated water,

which | eads to_a rane cannot be utilized effectlvely
30[0013]Th£?858?5 TPhéEfﬁG&FEQtﬁBnTHE tHEEHSTRY condi ti on
10 [0011] When the number of reverse osmosis membrane

elements 101 housed in a single pressure vessel 102 is
increased ({(ten elements, for example), the difference
petween the water gquality flown in the front reverse
osmosis membrane element (1-th) and the water guality flown

15 in the rearmost reverse osmosis membrane element {10-th)
increases. This results in a problem as shewn in Fig. 10.
The amount of the produced water obtained from the rearmost
reverse osmosis membrane {10-th) is extremely smaller than
the amount of the produced water obtained from the front

20 reverse osmosils membrane {(l1-th).
[0012)] As shown in Fig. 10, the membrane of the front
reverse osmosis membrane element (l-th) produces a larger
amount of permeated water than the membranes of other
elements. As a result, only the front membrane is

25 extremely likely to be stained. On the other hand, the
membrane of the rearmost reverse osmosis membrane element
(1C~th) produces the extremely small amount of permeated
water, which leads to a problilem that the membrane cannct be
utilized effectively.

30 (0013] Therefore, the fluctuation of the using condition
of the individual reverse osmosis membrane element 101
increases, so that the reverse osmosis membrane element 101

becomes inefficient as a whole. Thus, it is currently



of the individual reverse osnosis nenbrane el enent 101 i ncreases, so that
the reverse osnosis nenbrane el enent 101 becones inefficient as a whole.
Thus, it is currently general to house, in a single pressure vessel 102,
equal to or |less than eight elements, nore preferably equal to or |ess than
six elements. [0014] For the above reason, a spiral type seawater 5
desal i nation apparatus capable of reducing the fluctuation in the reverse
osnosi s neABR&Ae leltémBAESL101n of SiRELeaBrAGSHKEE HBBSPAgLAGNbEHYSE Eeverse

osnosi s nmenhr e n 1 in [ u ssel .102, and
of increasgggﬁgﬁg %50 u%?pég g?%ﬁ%ﬁgﬁéymgfgsggggfgésggs%ﬁ?%gt?gn?}has 10
been desirédstothendevel epedenf6015] The present invention has been nade in

view of th robl ems, and _an object thereof is.to.provide a spiral type
seavater dedalimati oRCApbaFarts CapaBra el °r SHUEFRG-YHE FPALRAFion in

reverses ospgRshs i ABRADEANGppheaeNLS cheHsed 4% iBgacpheSsHEeryResght i MEANS FOR
SCALVI NG PROBLEM [0016] According to an aspect of the present invention, an

spiral typénséararercdesabsnacienngppapacusienenudeddla 20 sprrapsiype
pressure vatelol Bt laRePl Vel Koot [MeLes BalisLa, TRUbLANE o eron
reduci ng ahsakkd in a single pressure vessel 102, and of increasing

the preoduction efficiency of seawater desalination, has

10 been desired to be developed.

[0015] The present invention has been made in view of

the problems, and an object thereof is to provide a spiral

type seawater desalination apparatus capable of reducing

the fluctuation in reverse osmosis membrane elements housed

15 in a pressure vessel.

MEANS FOR SOLVING PROBLEM
[0C16] According to an aspect of the present invention,
an spiral type seawater desalination apparatus includes: a

20 spiral type pressure vessel in which a plurality of reverse
osmosis membrane elements having spiral reverse osmosis
membranes to obtain permeated water by reducing a salt
content from raw water is connected through a permeated
water pipe; a raw water supplying line that supplies the

2b  raw water into the pressure wvessel; a concentrated water
discharging line through which concentrated water
concentrated in the pressure vessel is discharged to
exterior; a plug that blocks the permeated water pipe at a
center of the reverse osmosis membrane elements in the

30  pressure vessel; a front-side permeated water line and a
rear~gide permeated water line through which front-side
permeated water and rear-side permeated water are

discharged to exterior, respectively, which are separated



content fromraw water is connected through a perneated water pipe; a raw
wat er supplying line that supplies the 25 raw water into the pressure
vessel ; a concentrated water discharging |ine through which concentrated
wat er concentrated in the pressure vessel is discharged to exterior; a plug
that blocks the perneated water pipe at a center of the reverse osnosis
menbrane el ements in the 30 pressure vessel; a front-side perneated water
line and afeagr agidde ffer meared thaeer |ﬁﬁethﬁrﬁagﬁeﬁﬁﬁéhWﬂF@ﬁtpspae

per meat ed %%&e%”%yr%%r ghﬂgépﬁr %Eﬂr%a%%gyﬁé%le S%Q?%QGQhEQ gxterior,

respectlve which”are’s ted ore an ivel'y, at "the
permeat ed waterepi pe hh@cked bﬁtéhespbpgylagpaeasuseppEthgtthg valwve that
is nounted in the raw water sup g i ne sup the raw wat er and

regul at es &a§85pﬁ?dpF€§§&@éeéfatﬁépp W'Réﬁéﬁufﬁ fo%Bﬁ/F@@uWQFPﬁg $al ve

that '55"D%ﬂb%drb@uﬁ%%1%%”%%@B%akﬁgt“@%e&o@h%%ﬁaﬁglE9e|beﬁcEHEQHEQd“h'Ch
the concentrated water Is discharged, and regulates a discharge flow rate

of the convefieratiedchatrgrnngandng phegggheWhegblahengomaﬁmérahaﬂ Wetmount ed
in the front-sjide perngpted wat er .Line hrougg h th % % si de
per neat ed k&t 8 STERACE ha?BgdregH&anﬁuFagég EFPSM/ P&nt - si de
per meat ed W@h@@nt&@Qbﬁlﬁd%éﬂtagﬁgua|ﬁxe%@@r%pké@blbY@ﬁgS@am@bethat is
desal i nati on apparatus further includes a second reverse osnosi s nenbrane

appar at us FRECTPE Abuibed firenthe LEPoREFME5 tePdEaper meaf8d thiEPEe™ i ne and
produceg p%%&%ﬂt%%eW%&%EtLE HBQBeéme%%%BS%aQ%%D ;s yrenhranequsing the

front-side perneated water wth"high pressure. [0018] Advantageously, in the
spiral typeegedwdeer a fldesakiirabifothapfacatus, deopeentratddwaater obtai ned

from 20 thecaeqond euerse osrosis Meqlr ane agpRlaLu Lg pejurned to the

desalination apparatus further includes a second reverse
osmosis membrane apparatus that is mounted in the front-
15 side permeated water line and produces permeated water
through a reverse osmosis membrane using the front-side
permeated water with high pressure.
(0018} Advantageously, in the spiral type seawater
desalination apparatus, concentrated water obtained from
20 the second reverse osmosis membrane apparatus is returned
to the raw water supplying line.
[0019] Advantageously, the spiral type seawater
desalination apparatus further includes an energy recovery
apparatus that i1s mounted in the front-side permeated water
25 line and recovers energy of the front-side permeated water
with high pressure. The pressure regulating valve that is
mounted in the front-side permeated water line is replaced
with a flow regulating wvalve.
[0020] Advantageously, in the spiral type seawater
30  desalination apparatus, a three-way valve is interposed
between the flow regulating valve that is mounted in the
front-side permeated water line and the energy recovery

apparatus.



[ 0019] Advant ageousl y, the spiral type seawater desalination apparatus
further includes an energy recovery apparatus that is nounted in the
front-side perneated water 25 |ine and recovers energy of the front-side
perneated water with high pressure. The pressure regulating valve that is
mounted in the front-side perneated water line is replaced with a fl ow
regul ating val ve. [0020] Advant ageousl in the spiral type seawater 30
desal i nat i d80gppar at éslvaateaeesshily Véﬁvép#§aﬂnFéP§o§éawﬁéﬁﬁeen the flow

I
regu atlngdggligngQ%%nlg gggg&gg[Egﬁ%FgaL%ﬁ?gaéggglg?ﬁgﬁgggg \Wat er i ne and

t he energy recovery ap a e spiral type
seawat er des&hemanbana@paaeahusthutthenvemtbudeessarpreseng@ obnvkesi on
apparatus that converts pressure energétof the front-side ﬁgrngated wat er

into pressur@rénérdy BEIRELECS, BaFESi 4Bt RePRESCBACWATBF9YaRd 5 €econd

reverSGS05&%§%Ssq%@b@§Qﬁe%EEér%Bﬁérth%EdpEOQB%%ﬁdp§EGE§E€do§ﬁb§EsthrOUQh a
reverse osnosi s nmenbfane usi ng t he rear-side per meat ed wat er whose pressure

is |ncreas@@mbE@@22PA@@aﬁﬁage©b§typrpduﬁhé ppirmgbtegpraseawanepugh a

desal i nati gn appar at us, e-way val ve inter d n.the flow
regul ati ng“Val vgetﬁgposésnguﬁ'eane “Phed Fé%trgﬁ Bgég QEEMEﬁa er line and

t he preSSUM@t@Q“W@b%QO@ré@B@&étu& liﬁrEEEEGT OF THE | NVENTI ON
[0023]Accord|n% to the present invention, the fluctuation in reverse
osnmosi s nerbhPare eIeﬁ@ﬁ?§t§§ﬁoﬁélﬁedééeﬁheaﬁﬁ LRé hiRBere8MNaF&Ver se osnosi s

menbr a eh%@%@;%aquﬁegpggratﬁgngIetﬂ&%%sw L& V8396l i6anrbe - g0siLAcreased

(ten elenents, exanp enables to increase the production
ef fi ci encybeftweeawater fdevalregatleénng valve that is mounted in the

front-side permeated water line and the pressure conversion

apparatus.

15 EFFECT OF THE INVENTICN
[0023] According to the present invention, the
fluctuation in reverse osmosls membrane elements can be
reduced, and the number of reverse osmosis membrane
elements housed in a single pressure vessel can be

20 increased (ten elements, for example), which enables to
increage the production efficiency of seawater desalination.
[0024] When substantially the same number of reverse
osmoslis membrane elements as before (six to eight elements)
are housed in the pressure vessel to be used, the

25 fluctuation in the reverse osmosis membrane elements housed
in a single pressure vessel can be reduced. The amount of
the produced water cbtained from the frent element is
reduced so that the element becomes hard toc be stained, and
the rearmost element is also used more effectively, which

30 enables to prolong the life of a membrane and to reduce the
washing freguency of the membrane. Furthermore, the number
of pressure vessels in a whole desalination plant can be

reduced by as much as the room is made in the front element.



[ 0024] When substantially the sane nunber of reverse osnosis nmenbrane

el ements as before (six to eight elenents) are housed in the pressure
vessel to be used, the 25 fluctuation in the reverse osnosis nenbrane

el ements housed in a single pressure vessel can be reduced. The anount of

t he produced water obtained fromthe front elenent is reduced so that the
el enrent becones hard to be stained, and the rearnost elenent is al so used
nore effectively, which 30 enables to prolong the Iife of a nenbrane and to

reduce theBﬁag? BgsgﬁamﬁapﬁyagfDﬁgﬁlpggbrane Furthernore, the nunber of
ol'e

pressure véssels in a esalinatron plant can be reduced by as nuch as
the roomigooade in tRegiront ehieuentis BF&EE@ﬁEB@RhPIIﬁ»bﬁfr@RAﬂtpEE
[0025][Fig. 1] Fig. 1 is ,a schematic of a s i ral gpe seayat er desal i nation
appar at us é@éﬁ@ﬁ?ﬁgd?éaalF?FéPHSaEHBBBFﬁﬁn? Ecordin [EPg? B}TEFg. 2 is a
schematd ¢ @fraqSpLRal type seawater desalination apparatus according to a
second enbodinent. [Fig. 3] Fig. 3 is a schematic of a spiral type 10
seawat er desal i H&ticon2appéigt ugs aecer dchgmebia ehi adserbedi hepe.

[Fig. 4] Fi

oo ar s SeaufaPR Rt MRh s B hnBaRliag, abUBFaREg EbeL, CeaBhATA T On

schemati ¢ efpanokber.spiral type seawater desallnatlon apparatus accordi ng
to the third enbodlnent gFlg BGlSFggécgehgtacsg?egagégrgg aggéher spi ral
type

10 seawater desalination apparatus according to a third
embodiment.

(Fig. 4} Fig. 4 is a schematic of a spiral type
seawater desalination apparatus according to a fourth
embodiment.

15 [Fig. 5] Fig. 5 is a schematic of ancther spiral type
seawater desalination apparatus according to the third
embodiment.

[Fig. 6] Fig. 6 is a schematic of another spiral type
seawater desalination apparatus according to the fourth

20 embodiment.

[Fig. 7] Fig. 7 is a graph of the amcunt of the
produced water obtained from each element in the spiral
type seawater desalination apparatus according to the first
embodiment.

25 [Fig. 8] Fig. 8 is a schematic of the seawater
desalinaticn apparatus of a spiral reverse osmesis membrane
apparatus according to a conventional art.

[Fig. 9] Fig. 9 is a part exploded schematic of the
spiral reverse osmosis membrane apparatus according to a

30 conventional art.

[Fig. 10] ¥Fig. 10 is a graph of the amount of the
produced water obtained from each element in the spiral

type seawater desalination apparatus according to a



seawat er desal i nati on apparatus according to the fourth 20 enbodi nent.
[Fig. 7] Fig. 7 is a graph of the amount of the produced water obtained
fromeach element in the spiral type seawater desalination apparatus
according to the first enbodinment. 25[Fig. 8 Fig. 8 is a schematic of the
seawat er desal i nati on apparatus of a spiral reverse osnosis nmenbrane

apparatus according to a conventional art. [Fig. 9] Fig. 9 is a part
expl oded sclervstritd cofalt Betspiral reverse osnpsis nenbrane appar at us
according to a 30 conventional art. [Fig. 10] Fig. 10 is a graph of

t he ambunt of the produced water obtained fromeach elenent in the spiral

type seawatmersidemals (%9t iFQR appavaings cacc andi ngvieeTaonconventional art. BEST
MODE(S) FOR CARRYI NG OUT THE | NVENTI ON [ 0026] The present _invention w.ll be
descri bed ii/P%étai | Fhi 7 as6rdr enventd orhe tddc bigp Afyicrd Perawngs L2 The

present i nyent Q:réf'es.ce'?lQ:te 'Hd“tth%d e e 8RR IHTBAL 19 sCONThie! Yh-bRGrE! enent s

of the enbodinents I nclude elenents readrly convertlble by a person skilled
in the art ,Lrorergliemeritss rvel Ngrsiilest dant itdlel yrideel isems sas Coosée it iFor st
EnbOdlnentelements of the embodiments include elements readily
convertible by a perscn skilled in the art, or elements
being substantially the same as those.
10
First Embodiment
[0027] A spiral type seawater desalinaticn apparatus
according to an embodiment of the present invention will be
described with reference to the accompanying drawings. Fig.
15 1 is a schematic of a spiral type seawater desalination
apparatus according to a first embodiment.

As shown in Fig. 1, a spiral type seawater
desalination apparatus {desalination apparatus) 10A
includes: a spiral type pressure vessel (pressure vessel)

20 15 in which a plurality ¢f reverse osmosis membrane
apparatuses (hereinafter, "desalination elements" or
"elements") 13-1 to 13-10 having spiral reverse osmosis
membranes (RO membranes) to obtain permeated water 12 that
is fresh water by reducing & salt content from raw water

25 (seawater) 11 that 1s supplying water, is connected thrcugh
a permeated water pipe 14, and i1s housed in a connected
state; a raw water supplying line I through which the raw
water 11 is supplied into the pressure vessel 15; &
concentrated water discharging line L, through which

30 concentrated water 16 concentrated in the pressure vessel
15 is discharged; a plug 17 that blocks the permeated water
pipe 14 at the center of the reverse osmosis membrane

apparatuses 13-1 to 13-1C in the pressure vessel 15; a



[ 0027] A spiral type seawater desalination apparatus according to an

enbodi nent of the present invention will be described with reference to the
acconpanying drawings. Fig. 15 1 is a schematic of a spiral type seawater
desal i nati on apparatus according to a first enbodi nent. As shown in

Fig. 1, a spiral type seawater desalination apparatus (desalination
apparatus) 10A includes: a spiral type pressure vessel (pressure vessel) 20
15 i n whi cHransl-giale pprofatederss ess s lneah? aner epphat Eses

herei nafter, "desal i nation el " or, " " 13 4. o, 13 i
piral revEreE o e B R Lret (O Aetbr eS| B0 bt 21 por weed e wat o7

12 that iswhresh datiemny reeducifig aesaktteantent:f l@rer anewat er

25(seawater) 11 that is supplying water, is connected. through a perneated
wat er pi pe FCNEFE s to 19Ed SFh e LEonnEEEBE CSEAE ?faWPéﬁLmé & suppl yi ng

tine L15th%@%%&a@%ﬁcﬁo%@ea&@WaW@E?Ee% ck$:94pRl i ed kRLOLERR-REEgSUre vessel
15; a concentrated water discharging line L2 through which 30 concentrated

wat er 16 corcem pdped lidn bilbe kpdesyuitbevesyel 115 ias pdieschaegedguaaphing 17

t hat bl ocks _the rneated water , pipe_14. at the center of .the revers
osnosi s mem ﬁgﬁeagpggfgt&gegofgﬁgdt5n1§bforﬁﬁ Fﬁgeﬁrgggﬁ%&légsgé elgf a

front-si de zper reated teat ehd isneply anrdsaureactsivde pewnmeated wat €roline L4

t hrough which front-side perneated water 12-1 and rear-side perneated water

12-2 are di*§ECRAY gedat 6 PNelBIEERTHRY YespRctivelr§t WhiBRUAred 518epaf at ed
fore apd aff,, LeSREGHV &lte 0h 1 LRE PEN PBAL &G AL CL LRI PEy A bLOCked by the

plug 17; a pressure regulating valve ™20 that is nmounted” i n the raw water
suppl yi ng ldisehklgand loeguladite s £t ieesgpplopnpressdr @adkrthencaw Waver 11 (70

kg/cnmR); a flow reqgulati.n I 1.that is npunt in_the 10 concentrated
wt o1 Ui scREPaAG TG AT %arg FO5EI Aot otnE o dend e SFEON FAEE of t he
concentr at gd rwatkela aRdea fliow regyhat Faguyvatye 2BetPatsksravyntedein the

front-side pernmeated water line L3 and regulates th E%essure of , the
front - si de ‘peniestied wareeated veterkglene f&f@gfc y151ka/@nBig. 1,

e akg 234 2085, TIBLATRRLS, o0 genalie BRI s Subanl Ay
| eads the raw waher elbmsirttls arpr edetseemtied lJyr eéssusersupsl itée fromthe
front_SIdeeR%%g%t%e%% %ng 9 as described above. Each of the
elements leads the raw water 11 with a predetermined
pressure supplied from the front-side brine seal into
20 between the space between adjacent surfaces of the
envelope-gshaped RC membrane through a mesh spacer in turn.
Permeated water (fresh water) 12 passed through the RO
membrane by reverse osmosis is brought out from the rear
seal through the permeated water pipe 14, The membranes
25 are shown as sloped lines for convenience of drawing.
[0028] In the present embodiment, the plug 17 provided
at the center of the pressure vessel 15 separates supplying
water into an upstream side (raw water supplying water
side) and a downstream side (concentrated water discharging
30 side) .
Therefore, the front-side permeated water 12-1 and the

rear-side permeated water 12-2 can be cobtained separately

from the pressure vessel 15 through reverse cosmosis

10



20 between the space between adjacent surfaces of the envel ope-shaped RU

menbrane through a nmesh spacer in turn. Perneated water (fresh water) 12

passed t hrough the RU nenbrane by reverse osnosis is brought out fromthe
rear seal through the perneated water pipe 14. The nenbranes 25 are shown
as sloped lines for convenience of drawing. [0028]In the present

enbodi nent, the plug 17 provided at the center of the pressure vessel 15

separ at es SHIPISATHY aRRAER Hused de Lgystyieamlside Y& dw watterr as@ssl ywithg wat er
si de) and 0 S CQNG. ' ar.gi i.de) .

Ther ef or e, act e fr ol{ntf-a‘r’?ld?e%gé neat %ﬁ%@%sﬁ T{{eénng%%ée a%lg%%-% g%per nmeat ed
wat er 12-2 drentrenioht dined tsefdar-dtlelar fargrad e prhessuee wasiselof15Hehr ough
reverse osnpsi s ,ﬁenbrane apparatuses (elenents) 13-1 to 13-5 arranged at
the front & dnd reverse osnosis menbrane apparatuses (elenents) 13-6 to

13-10 agranged airdéigsnRArcrs 8 Qf thepldig bhp13RMVIding ddre ! wg k7

allows applying a different back pressure to the perneated water 12

obt ai ned f rAShErd rtontthel ervemies tadd weliee i e cditerecs from the Thyerfd ow

regul ating v%llﬁ/een 22 1S r@}uented in.the front-side perneated water |ine L3
- a

for the front-Si oFeS paenrdrre ed “fd water 12-1 obtained fromthe front el enents

t hat produce t herrperiieat edtomat=er:ink? vgadi 122 [D0RhThel desalbhenatdcen -
operation is perforned as follows. (Step 1) A punp 18 is started to supply
t he raMImaﬁEVQifErmeatEd water line L; Tor the front-side permeated
10 water 12-1 obtained from the front elements that produce
the permeated water 12 readily.
00291 The desalination operation is performed as
follows.
(Step 1) A pump 18 is started to supply the raw water 11
15 into the pressure vessel 15. The flow rate of the
concentrated water 16 is regulated by the flow regulating
valve 21 that is mounted in the concentrated water
discharging line L, so as to be a set value (70 kg/cm?, for
example).
20 (Step 2) The pressure at the inlet of the RC membrane in
the pressure vessel 15 (60 kg/cm? to 70 kg/cmz, for
example) is regulated by the pressure regulating valve 20
that is mounted in the raw water supplying line L,, so that
the permeated water 12 reaches a design value.
25 (Step 3) The back pressure (10 kg/cm” to 15 kg/cm®, for
example) i1s applied, sc that the fiow rate of the rear-side
permeated water 12-2 cbtained from the pressure vessel 15
through the rear-side permeated water line L, reaches a set
value, by regulating the flow rate by the flow regulating
30 walve 22 that is mcunted in the front-side permeated water
line Ls.
[0030] The back pressure is applied to the front-side

permeated water 12-1. As a result of this, it is difficult

11



15 into the pressure vessel 15. The flow rate of the concentrated water 16
is regulated by the flow regulating valve 21 that is nmounted in the
concentrated water discharging line L2 so as to be a set value (70 kg/cn2,
for exanple). 20(Step 2) The pressure at the inlet of the RD nenbrane in
the pressure vessel 15 (60 kg/cn2 to 70 kg/cnR, for exanple) is regul ated
by the pressure regulating valve 20 that is nounted in the raw water
suppl yi ng Ifafe thel Iroptrhacet perpepiest eataat ee-120péaéhes aArdasiha val ue.
25(Step 3) b syre_10Q kghc / r e LS

appl i ed, sgigﬁgtggéggbﬁgwﬂgété gP gﬁegge%?-é?dégsgg%%g%gd mg?%?£?§¥%r
obt ai ned fmemshbenprassune Vessek ISuthpetudghnt hetwean- shdefpenmeat ed wat er

line L4 reaches a set value, hy regulating the flow rate he fl ow
Fegul at1 ng S0 vEEFe (33-0hAC 1eLRountEd PR FRE T PORTEEEde (parivsped Tiat er

line L3g [QQigkggebgaggdg%@ggure is applied to the front-side perneated
wat er 12-1. aresult of this, it is difficult for the front-side

per meat ed wat er Be2atsebrdi fiéd sfr ¢imet fé ubtuatieheméneschl8lemppt18aB6) to be
di schar ged Theirefor%e as shown .in F
t

) - he.fl [ h
front el emet s (T3 EES 13- 57 RAG 6 LWt n ke ?ﬁ%uig@g@Pg%t“ee” the

the rear "el"eiren ( 0 13- 510) can

be reduced.indicatBecause caket hingret Becklkuet wat coanet-teaghtebenent can be
alleviated as conpared with that in Fig. 10 that indicates the case where
successi ve SAGHREEET Ag St yPStelldRENES dfe CPRYEAIF-E83dsYi §°B6nventi onal | y

done. 19 F%&Qﬁremo%e,e &R fi ;Sevenon MEe eLerpRhs sakeheusedq Ayt he

%
pressure vessel 15, nenbranes can be utilized effectively because the
anount of tthe peeseatred vwaterl (@nomembahinele cpnoteced ivatzer) i ncreases.

[0031]Acc0%%%n% go Hhe pr esent 'nven%hpn, th% nunber of éSw%%%nenbranes to
be housed i ‘& SiNGIE BPEESTFe WESEBCUTS Q4nTHE PREFESSES, “#ieh enables to
reduce the aRshituel eneCeslbsuard thedmstaki-atises.area. Even if a simlar
nunber of el enents as before (six to eight elenents) are housed in the
pressure veé§delills, Bgcording te the present invention, the number of
15 RO membranes to be housed in a single pressure vessel 15
can be increased, which enables to reduce the construction
costs and the installation area.
Even if a similar number of elements as before (six to
eight elements) are housed in the pressure vessel 15, by
20 enabling to reduce the fluctuation in the reverse osmosis
membrane elements 13-1 tc 13-10 housed in a single pressure
vaessel 15, the front element 13-1 produces less water to be
unlikely stained, and the rearmost element 13-10 is used
effectively. As a result, the prolonging life of a
25 membrane and the reduction of the washing frequency of the
membrane can be expected. Furthermeore, the number of

pressure vessels 15 housed can be reduced by as much as the

room 15 made in the front element 13~1.

30 Second Embodiment
[0032] A spiral type seawater desalination apparatus
according to an embodiment of the present inventiocn will be

described with reference to the accompanying drawings. Fig.

12



20 enabling to reduce the fluctuation in the reverse osnosis nenbrane
elements 13-1 to 13-10 housed in a single pressure vessel 15, the front

el ement 13-1 produces |l ess water to be unlikely stained, and the rearnost

el ement 13-10 is used effectively. As a result, the prolonging life of a 25
menbrane and the reduction of the washing frequency of the nenbrane can be
expected. Furthernore, the nunber of pressure vessels 15 housed can be
reduced by Zas-smicls ANt ¢dmai $Piddd itiyPeheepvairerelCeredtinggien 30 Second

Enbodi ment | Q%%]@ﬁzggr&lr&%%e rSeavater. ( %ﬁik)%%gtmie% apparatus according to

an enbodineﬁ%) resent i nvention w escrilbed with reference to
t he acconpanyi ngdrsawivagsin Figr. 2,i @ apdchdmatipe clkaavaspirr al type seawater
desal i nati on apparatus according to _a second emhodi nent. As sho in Fig.

2, a spi ral%ﬁfﬁé“@é&\ﬁé’t &P%%Uu%na@ﬁoﬁ paESr us M GEFhePidés, YR addi ti on

to the 5 apRYALUS SO N1FiFd.g.1.1,28 25 QCRREA T S8R OHIMSIsT senbr ane
apparatus 30 that is nounted inthe front-side perneated water line L3 and

provi des sewowd per medted et S0 1283 usi ngurted dontthsi deopérmédeed wat er

12-1 with hi gh .pressure (15 kg/cnR),. Ln_t figur n [ 6._denotes a
1011 owret G AR R SERE T e EORCCRLY 2P B HALEr *0r AP nBHLFF OReE h CEbond
reverse osnmusizs yEMYy aR fakchi32 idenekemea tldowateguliatiing ival we hti bat

regul ates the flow rate of the concentrated water obtained fromthe second
reverse 0smSSISEYRENrlandd/&TF 1 r st IRelBEsE188kBsi BUNBRBr ané appaFatu’ 15

relatiyg tqitge3eG0Nd r YIS OSMRSIS ARIRNANES ARRALA! U330 HIBARS chhe

reverse osnosi s nenbrane elenments 13-1 to 13- 10 housed in the pressure
vessel 15 (ther eiaraficer: avive ssamesmrsas nerghalie appldy )32 Kderchies appgarat us,

the front-side . perneated water 12-1 20 has hi_gh pressur 5 kg/cnR), so
thot ! tona e B e Ve o e T A Bl A el D Bg, HhR D S
appar at us 3@neritridied RGtdie gpressuwe refdectieveletond revethie R sis
desal i ni zed second perneated water 12-3 can be obtai ned by perform ng

desal i nat i 8RBy aMe sécdrid 525 HeEFEESe CESIRESISs MAERBRAITe SRpsardtids 30. The
secondlgev%reigtq%@ Yoo tmre%%lda{}%ggﬁtslés o%gao@)é l?n%n%xiarﬁ%r a?:fpa%ar%ﬁlsl ow

string nenbrane type or a spira
30 means the reverse osmosis membrane elements 13~1 to 13-

10 housed in the pressure vessel 15 (hereinafter the same
meaning shall apply).
In this apparatus, the front-side permeated water 12-1
20 has a high pressure (15 kg/cm?), so that desalination is
performed at the second reverse osmosis membrane apparatus
30 by utilizing the pressure effectively.
The more desalinized second permeated water 12-3 can
be obtained by performing desalination by the second
25 reverse osmosis membrane apparatus 30. The second reverse
osmosls membrane apparatus 30 may be either of a hollow
string membrane type or a spiral type.
I0033] In the present embodiment, the pressure
regulating valve 20 installed in the front-side permeated
30 water line Ls for the front-side permeated water 12-1
applies a back pressure, sc that the permeated water 12
cbtained frem the front elements 13-1 to 13-5 is difficult
to be discharged. As a result of this, the fluctuation of

13



[0033] I n the present enbodi nent, the pressure regulating valve 20 installed
in the front-side perneated 30 water line L3 for the front-side perneated
wat er 12-1 applies a back pressure, so that the perneated water 12 obtained
fromthe front elenments 13-1 to 13-5is difficult to be discharged. As a
result of this, the fluctuation of the elenents between the front side and
the rear side can be reduced. [0034]1In the first enbodi nent, the back
pressure oﬁh@h@lﬁm@ﬁﬁﬁsF@éwﬁ@ﬁnéﬁﬁeéfW@ﬁeﬁlﬁg #nds taens@mEd Safet Ranval ve. 5
However , % he fresent enmbodi ment, the second reverse osnpsis nenbrane
apparatus 0 freats the front-side permeated water 12-1 once again by using
its back priedsdrie. Ther efher €1irkshe enboe idesal i nhzedahikghrpusuty sécand

per neat ed ter 12 3 can be obtained. _10[ 0Q35] Typi cal | s are
required t3@ e§§ﬁF@aﬁﬁ§nW§tﬁFe %n&nﬂsl§oééPpﬁﬁnéa Eggngaggﬁerse
05"05|SSWE@RM%%%anB%T%%%5%§e%@n%W@m%b%R%enkn the pBeesant reghedinent, only
a single punp 18 is required, so that the systen1eff|C|ency i's iInproved.

15[0036]Th@S@@ﬁ@@nﬂﬁﬁ&@@nWaﬁ@Pagﬁt@@té@nédEﬁK@nthﬁefgéﬁénélﬁ@verse 0SNDSi S

menbr ane a?%%%%f%%dBQat%r 12uﬁeo%%gp% th thggr%%%m%gg& l%esghe%ﬁfore

the raw wa that "i's supplyi'ng s yd Put'dd by €rrcu Pacen

concent r at athewatferredl the hbeelﬂb%blihd&e@fhh@ﬁ —purptI8sehAsnd0 a result a
process in which energy consunption_is | ower during desalination can be
at t ai ned. ?ﬁﬁmﬁaﬁﬁﬁoﬂléﬁﬁtlﬁ0§37FR &6 PEC31)FE -seawat er desal i nati on

apparaigls [0035] Typically, two pumps are reqguired to apply

pressure when a treatment is performed using reverse
osmogis membrane apparatuses in twoe steps. In the present
embodiment, only a single pump 18 is required, so that the
system efficiency is improved.

i5 [0036] The concentrated water 31 obtained from the
second reverse osmosis membrane apparatus 30 is dilute
coempared with the raw water 11. Therefore, the raw water
11 that is supplying water 1s diluted by circulating the
concentrated water 31 to the inlet side of the pump 18. As

20 a result, a process in which energy consumption is lower

during desalination can be attained.

Third Embodiment
[0037] A spiral type seawater desalinaticn apparatus

25 according to an embodiment cof the present inventiocn will be
described with reference to the accompanying drawings. Fig.
3 is a schematic of a spiral type seawater desalination
apparatus according tc a third embodiment.

As shown in Fig. 3, a spiral type seawater

30  desalination apparatus 10C includes, in additicn to the
apparatus shown in Fig. 1, an energy recovery apparatus 41
that is mounted in the front-side permeated water line Ls

and recovers the energy of the front~side permeated water

14



25 according to an enbodi nent of the present invention will be described
wth reference to the acconpanying drawings. Fig. 3 is a schematic of a
spiral type seawater desalination apparatus according to a third

enbodi ment. As shown in Fig. 3, a spiral type seawater 30 desalination
apparatus 100 includes, in addition to the apparatus shown in Fig. 1, an

energy recovery apparatus 41 that is nounted %n the front-side perneated
wat er | i ne 123 lamd the@oversd presensegy 16f kONef k ont - si de permeat ed wat er

121 LD BN DT oSSy’ @ bL3. Kaeiel b QRSA] Thect! nt1shds BeRgRRl od vt er

12-1 has a 'high pressure , SO that the energy recov appar at us
41 utilizeprpressur € 16nangyméf f esti vehy. tBThenengy gyececover ypapparat us 41
is installeﬂtin.the front - si de perneat%g,mater ine L3 connected to the

front el emént & E32F 860 PSS EoRPRAIYh S EREHErAtdred water 12 is obtai ned

readi |l ys The reqoyered gRERG:ocaRDapMELIaed4hohs fakrexanpl en the
operation performed by the first reverse 10 osnosi s nenbrane apparatus.
[ 0039] Exanplres: tofs itiee penaegy crle vovery lappalat een4actddt teah del v i ncl ude

2 Known I eGAVEIYAPRALA U5 Such 35,8 BRliian Weel gustan (esavery o

apparatus, a ochar ger "enér gy "recovery appg tus, essure

(PX) ener gyblairecoveryidgpar ahus reandcacbuaheWork cExchangen 1ErerngyYor,
Recovery (DWEER) energy recovery appar atus. [0040]Tge PX ener%y recovery
appar at us all"eF*aes Srhé "PoRBESP HRE PaAP CTECHy Py €hitrg Sthe ®dPFéet i on of

the pisgon fdhow,of fhe Lrentpsihde -permeated water 12-1 in the 20 cylinder
of a plurality of revol ver-shaped cylindrical
[CC39] Examples cof the energy recovery apparatus 41 that

can be used include a known recovery apparatus such as a
Pelton Wheel energy recovery apparatus, a Turbocharger
energy recovery apparatus, a Pressure Exchanger (PX) energy
15 recovery apparatus, and a Dual Work Exchanger Energy
Recovery (DWEER) energy recovery apparatus.
[0040C] The PX energy recovery apparatus alleviates the
load of the pump 18 by switching the direction of the
piston flow of the front-side permeated water 12-1 in the
20  c¢cylinder of a plurality of revolver-shaped cylindrical
rotary bodies to transmit the flow to the raw water 11,
thereby utilizing the exchanged pressure (15 kg/cm?).
[0041] The DWEER energy recovery apparatus uses a
plurality of cylindrical pressure vessels. In each
25 cylinder, the front-side permeated water 12-1 and the raw
water 11 are partitioned by partition walls, and the flow
direction is switched alternately to transmit one pressure
(15 kg/cm®) to the other. Thus, the load of the pump 18 is
alleviated by utilizing the exchanged pressure (1& kg/cm%.
30
Fourth Embodiment
[0042] b spiral type seawater desalination apparatus

according to an embodiment of the present invention will be
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rotary bodies to transmt the flowto the raw water 11, thereby utilizing
t he exchanged pressure (15 kg/cnR). [0041] The DWEER ener gy recovery
apparatus uses a plurality of cylindrical pressure vessels. In each 25
cylinder, the front-side pernmeated water 12-1 and the raw water 11 are
partitioned by partition walls, and the flow direction is sw tched
alternately to transmt one pressure (15 kg/cnR) to the other. Thus, the
| oad of thé&epwHpLEs Wetal refiearagebycutihki achgnPRayérehaigednpressaie- (15

kg/cn2) . 3G Rourth Frapodiment %Q%é%kélstﬁé's%&BSt%??$@ES§iHS%§E'”atiO”
apparatus accordi ng to an enbodi ment of € present invention wll be
descri bed wigpha raefuer ence rddnbhe caec aopanyi egoddawengs. Fig. 4 is a

schematic of a spiral type seawater desalination apparatus according to a
fourth embodi meAt. SASYShdwn Fitd -Fitg. 24 5P4*8pi FyPCt yFe¥eéshat er 5

desal i ngti QR -3RRARALYS 10B.Achudesy iRcaddill onnt agkhe iapparatys shown in
Fig. 1, an energy conversion apparatus 50 nounted in the front-side
per neat ed waperratiuge sh®@wnhan ¢anverlt s abhenemgygycoferihéchr epragiates

perneated water 12-1 with.a high, pressure (15 kg/c into the energy of
Phe 0 rear s THET SR i BA R or IS FEGISEAE SHergy TRt he THEnt st de
per meat ed wat®lert?- the heaol)i @IF phesFube (13 dkgberBraicgdcanvert ed-into the

energy of the rear-side perneated water 12-2 obtained fromthe rear
el enents by liths Cal¥idfg PERE S8FEr gy ScSAVERS| opnte the energy of the

10 rear-side permeated water 12-2.
[00431 The energy of the front-side permeated water 12-1
with a high pressure (15 kg/cm?) is converted into the
energy of the rear-side permeated water 12-2 obtained from
the rear elements by installing the energy conversion
15 apparatus 50 that converts the pressure directly. By
utilizing the pressure (15 kg/cm?), the converted energy
may be used for the treatment by the second reverse osmocsis
membrane apparatus 30.
[0044) Examples of the energy conversiocn apparatus 50
20  that can be used include a PX energy reccvery apparatus and
a DWEER energy recovery apparatus.
[0045] The PX energy recovery apparatus switches the
direction of the piston flow of the front-side permeated
water 12-1 in the cylinder of a plurality of revolver-
25 shaped cylindrical rotary bodies to transmit the flow to
. the rear-side permeated water 12-2. The exchanged pressure
{15 kg/cm?) ig utilized for the desalination by the second
reverse osmosls membrane apparatus 30.
Treating the rear~side permeated water 12-72 improves
30 desalination performance as a whole process, because the
water guality of the rear-side permeated water 12-2 (a salt
concentration of 300 mg/L) is worse than the water guality

of the front-side permeated water 12-1 (150 mg/L).
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15 apparatus 50 that converts the pressure directly. By utilizing the
pressure (15 kg/cnR), the converted energy may be used for the treatnent by
the second reverse osnosi s nmenbrane apparatus 30. [0044] Exanpl es of the
energy conversion apparatus 50 20 that can be used include a PX energy
recovery apparatus and a DWEER energy recovery apparatus. [0045] The PX
energy recovery apparatus switches the direction of the piston flow of the
front-si de [perirdat ed Thet SNEER- enegavhéeeyrenderPoRratBEurarEt § of revol ver-

25 shaped |i.ndr.i.cal r. I.eS sm he fl he rear-side
per neat ed &%fg%qffﬁgpfgﬁg%éég%ggagdp%%s%&%%eq%%gg%gfcn8§/%gchtiIized for
t he desal i natliionichy tthe Jecondstievepsemesnesi satemrbiané apgatatus=30-

Treating the rear-side perneated water 12-2 inproves 30 desalination

per f or mancé &S HERHGIE Py HEEEL, BECaGE PRE Tdt-8PSHulli PFT6F “tRB rear- si de

perneat ¢d vahers 12:2 (@eSahbywcencertnati on af,1308cmULL:cirfaprigetbhan the
water quality of the front-side perneated water 12-1 (150 ng/L). [0046] The

DVEER ener ¢y amsodite oycappasaturs Udss kg /gl at ¢t yhefoelyei ndri cal pressure

vessel s. | cylinder, the front-side perneated water 12-1_and the
rear - sideqéggﬁgated%ﬁaﬁ P2 ggg'pér@?@i%%gd %y EﬁgtﬁngﬁlgaﬁégPs, and
the flow dizigelda@mses Wit ched 18It enratelky the ckraagnivkloRe predsttechlS
kg/cm2) to the other. [0047] As shown in Fi 5 and Fig. 6, the desalination

appar at use$FoE raRd ~F68° ﬁ@F@@étﬁﬁr@éiﬁéy1§§ﬂvé§d4§hﬁe€%€§ﬁytﬁ@cPWSHV-side
permeai gd vater ;121 and Lhe energy ReCoVeYsion apparatus 50) to

ease the contrel of the start-up. In Fig. 5 and Fig. 6,
numeral 27 denotes the flowmeter of discharging water 43.
When starting the pump 18, the whole flow is set to be
flown to the discharging water 43 side, and after the rear-
15 side permeated water 12-2 is obtained, the flow is set to
flow gradually into the energy recovery apparatus 41 (or
the energy conversion apparatus 50) by operating the three-
way valves 42.
In this case, at Step 2, the pressure regulating valve
20 20 installed at the raw water 11 side controls the sum of
the permeated water 12 and the discharging water 43 to be a
set value.
(0048} As a result of this, alsc when the energy
recovery apparatus 41 or the energy conversion apparatus 50
25 is installed, the desalination with high energy efficiency

is available.

INDUSTRIAL APPLICARILITY
{0049} As described above, with the desalination

3C apparatus according to the present invention, the
filuctuation in reverse cosmosis membrane elements can be
reduced, and the number of reverse osmosis membrane

elements housed in a single pressure vessel can be
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10 apparatus 41 (or the energy conversion apparatus 50) to ease the control
of the start-up. In Fig. 5 and Fig. 6, nuneral 27 denotes the flowreter of
di schargi ng wat er 43. When starting the punp 18, the whole flowis
set to be flown to the discharging water 43 side, and after the rear- 15
side perneated water 12-2 is obtained, the flowis set to flow gradually
into the energy recovery apparatus 41 (or the energy conversion apparatus
50) by opedatinegseide tried- wapredeveshg2prpguchiisncadéicaensvept2, the
pressure r | at.i I . installed at the raw water 11 side controls
t he sun1of%%%@%%ggﬂgéggﬁgﬁégéggiz and the discharging water 43 to be a set
val ue. [0048] As a result of this, also when the energy recovery apparatus

41 or the ener conver si on aggaratus 50 25 is installed, the desalination
with high %ﬁ%ﬁgﬁﬂ% ey B ERPaPRabFEERAYBUSTRI AL APPLI CABI LI TY [ 0049] As

descri bed abewe,) W thguhe degal i natispn 39 apPar akus-2econdsRgitatthe
present invention, the fluctuation in reverSe osnosis nmenbrane el enents can
be reducedapgdathe nunber of reverse osnpbsis nenbrane el enents housed in a
single preﬁépre v%§%9hx§aq %% %%creased, whi ch i nproves the production
ef fici ency "of sédWat'er Sdes&PHALT6N. EXPLANATI ONS OF LETTERS OR NUVERALS
5[ 0050] 10A 10 1Qlsfidzaledt Ve egeawat er desal i nation apparatus 11raw water
(seawat er) ,
12-1 front-side permeated water
10 12-2 rear-side permeated water
13 (13-1 to 13-10) reverse osmosis membrane apparatus
having spiral reverse osmesis membrane (RO membrane)
{desalinaticon element)
14 permeated water pipe
15 15 pressure vessel
16 concentrated water
17 plug
20 pressure regulating valve

21, 22 flow regulating valve
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12perneated water 12-1 front-side perneated water 10 12-2 rear-side
pernmeated water 13 (13-1 to 13-10) reverse osnbsi s nenbrane appar at us
havi ng spiral reverse osnosis nmenbrane (RO nmenbrane) (desalination el enent)
l4permeat ed water pipe 15 15pressure vessel l1l6concentrated water 17pl ug
20pressure regul ating valve 21, 22flow regul ating valve CLAIMS 1.A spiral
type seawat er desalination apparatus conprising: a spiral type pressure
vessel in which a plurality of 5 revef¥s®2l¥snpsis nenbrane el enents havi ng

spiral reverse 9STRSLSITRURLANS Lo Sbtaln neLIRated pater . reduci ng 2

salt conte fromraw wat | S connected throu ated wat er pipe;
a raw wat ercesipplspineg | i ne that supplies the raw water 10 into the pressure
vessel; a spiral type pressure vessel in which a plurality of
5 reverse osmosis membrane elements having spiral reverse
osmosis membranes to obtain permeated water by reducing a
salt content from raw water is connected through a
permeated water pipe;
a raw water supplying line that supplies the raw water
10 into the pressure vessel;

a concentrated water discharging line through which
concentrated water concentrated in the pressure vessel is
discharged to exterior;

a plug that blocks the permeated water pipe at a

15 center of the reverse osmeosis membrane elements in the
pressure vessel;

a front-side permeated water line and a rear-side
permeated water line through which front-side permeated
water and rear-side permeated water are discharged to

20 exterior, respectively, which are separated fore and aft,
respectively, at the permeated water pipe blocked by the
plug; |

a pressure regulating valve that is mounted in the raw
water supplying line supplyling the raw water and regulates

25 a supply pressure of the raw water;

a flow reguiating valve that is mounted in the
concentrated water discharging line through which the
concentrated water is discharged, and regulates a discharge
flow rate of the concentrated water; and

30 a pressure regulating valve that is mounted in the
front-side permeated water line through which the front-
side permeated water is discharged, and regulates a flow

rate of the front~gside permeated water.
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a concentrated water discharging line through which concentrated water
concentrated in the pressure vessel is discharged to exterior; a

pl ug that bl ocks the perneated water pipe at a 15 center of the reverse
osnosi s nmenbrane elenments in the pressure vessel; a front-side perneated
water line and a rear-side perneated water |ine through which front-side
permeat ed water and rear-side perneated water are discharged to 20
exterior, rlespedthievéinyraghitoipeareasepararedaflopétand aPParpégfectivel y, at
t he pernea%;gé&ygilé Ekp?ﬂEﬁBFHEdEQXt%@% Rl rising: a pressure regulating
val ve that s nounted 1 n the raw water supptying IFi'ne supplying the raw

wat er and regul at e2hca rsuppise pPressurse mehbrheer aypwaten;s that ia fl ow
regul ating valve that is nmounted in the concentrated_water gjschgagggg l'ine

t hrough whithtHFE ddh it rdCad “water PeSTiPrdErar§edr ander 8§t are

di scharge flowdals Qfaddie gancent rated MalehisndRd s3QRamprassunehegul ating
val ve that is nounted in the front-side perneated water |ine through which

t he front - ditde fpermieaticd watreestedivediear gédh andhr pgelsates.a fl ow rate of

t he front-ggde Egg@%%gjw@;er.s a%,tgged%%gﬁgka%%%% %eag§%%hsdesalination
appar at us accor di ng to "daimtt, SFarther compri sing: PPe3°s6€ond reverse

osnosi S neryaie iapgpaatdlsithat, whareumt edricenthe tleconatsirdepean medt ed
water |ine and produces 5 perneated water through a reverse osnosis
menbr ane usiFR tHE FESHILSS (T PECTERTEF WRalEFWATR RPGRFresSsdfe. 3. The

spi ral 1 bype seaualer desal inat |,on APRALANYS Aceqrding to claim2, wherein

concentrated water obtained fromthe sécond reverse osnpsi s nenbrane
appar at us i4s 10 Thet wmieth it o videe seaw abere desagplpitigr] iapparatusThe spiral

type seamaggﬁx%%ﬁgliggti n.a arglu% according to g!ain11, further
conpri si ng: A ﬁbféflpg overy QﬁﬁaFéFﬁgqﬁﬁgﬁ is nmounted in the
front-side pernmeat ether@fer-dddie 3nad ecererss tenrer gy aburhed in the
front-side permeated water line and recovers energy of the
15 freont-side permeated water with high pressure, wherein

the pressure regulating valve that is mounted in the
front-side permeated water line is replaced with a flow
regulating valve.

5. The spiral type seawater desalination apparatus
20 according to claim 4, wherein a three-way valve is

interposed between the flow regulating valve that is

mounted in the front-side permeated water line and the

energy reccvery apparatus.

6. The spiral type seawater desalination apparatus
25 according to claim 1, further comprising:

a pressure converslon apparatus that converts pressure
energy of the front-side permeated water into pressure
energy of the rear-side permeated water; and

a second reverse osmosis membrane apparatus that

30 produces permeated water through a reverse osmosis membrane
using the rear-side permeated water whose pressure is
increased,

7. The spiral type seawater desalination apparatus

20



15 front-side perneated water with high pressure, wherein the pressure
regul ati ng valve that is nounted in the front-side perneated water line is
replaced with a flow regulating valve. 5. The spiral type seawater
desal i nati on apparatus 20 according to claim4, wherein a three-way val ve
is interposed between the flow regulating valve that is nmounted in the
front-side perneated water |ine and the energy recovery apparatus.

6. The spi ralCaiiher % ddnet!erind és aMeaEiion fapparer s Y25 2ad€ordi ng to claim 1,
further compriesifi 2 HIGEINN ¢, Q0MMELSLAN, AARATA! Y3 LAl canyerts pressure
energy of the ont-side perneated water “into pressure energy of the
rear-side pernmsaidednnatrer ;frand & isec grdmeavrers eagasrodiisemanbr ahe appar at us
that 30 produces perneated water through a reverse osnpsis nenbrane using
t he rear-sifthé a8 Sater” WS sure is increased. 7. The spiral
type seawat er desalination apparatus according to claim6, wherein a
three-way valve is interposed between the flow regulating valve that is
nounted in the front-side perneated water |ine and the pressure conversion
appar at us.
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