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 i s nmenbrane (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 seawater that is raw water. 20The |ater reverse osnosis nethod
is superior to theS&apdr dtiFéh SFEHIdR MrieddrdV e GHEREATUwever, the
reverse osnosi s nethod has such problens that a careful pretreatnent (a
treatnment using "an ultrafiltration nmenbrane (OF nenbrane)” or "a

m crof i bt r SECHN Iv@dbFdmé. I M- 25 nenbrane)” that reduces a turbid content in

seawat er t i,s raw.water) is required so _as _not to clog.the RO nmenbrane
with nicr ogr%ggr%i%sms % é’é)ﬁgﬁntts S gé\ﬁélt ére,siaé:r?d’ tHrat® r‘?g)llrﬁa andE or the
like is cosflaywat[-Q0023]-Examaltesrohpevense esiRgile METhi-ane iappanat uses 30
include: a "hollow string nmenbrane” type reverse osnosis nenbrane apparatus

nol ded i nt & lA&KFALGRTS i AGVISRE SBEAPS Wi FI8TR TSUlss tamieatisy heageal dirzed
wi dt h, andaf5&%%%%r%rg%%%%h§ide to inside; and a "spiral nenbrane" type
rever se

i0

BACKGROUND ART

[0002] An evaporaticn 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 osmosis membrane (RO membrane) to
filter 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 seawatexr that
ls raw water) is required so as not to clog the RO membrane
with microorganisms 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 hollow 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 osnosis nethod has

difficu'chﬁﬁmQH%a5@$ﬁ@% ’ %g@éﬁ@g&%sxm!N%fﬁhté“ghégﬁfﬁf“§i%§ﬁé E%é‘n
evapor at i on net’hod. erefore;  anp ur§1|ty of reverse osnpbsi's nenbrane
appar at useseneeds st d.sheveanbiined ittd ebtsadirorhy gle Purdupponat ero duadp tyt s

An enbodi nent of a seamater,desalinationeggpar us of a conventional spiral

reverse 0sROSIESIrentiidie QB5pdr &GS Lo @1 FIRI S OBE ( Pdt®nt

Document 1:.Janapese sPatel ARRId Gaf i:0msaid-open Mo i2001-137672) .

[ 0005] As shown in Fig. 8, a reverse osnosis nenbrane nodule unit is

const it bt egdpnaistshera @lsumgdpiltiy doff noev dértse comrrosiss ateiy alie ardduires 103r (t hree
nodul es in . this 20 enbodi nent) .provided in parallel, through a perneated
hator pi pe GH PrERHTS A B RE geos e imbr GHe R O $ T o
plurality elidhewer &Qmmgﬁmwﬁwglejr@mnt@nw drhatudesi serial ly
connected to each other and is housed in a cylindrical pressure vessel 102.
25In Fig. 8008drter al Thes r@ewetses asdn Svidt e ttihplaa i Mater)ty 106 denot es

per neat ed r. )7 eQRt ent.r at tar, qI%%ﬁ s a brine
seal . [OO%%?%@IE#%%ﬁ%in ﬁgﬁgg?g%g?*%&%%%ﬁgfﬁgégﬁﬂB t égfgggfse 0oSNDSi S
menbr ah@e eleenpiotretlich heshadst r deietred dre 3G Wwihots lan e e lepessdmaped

reverse osnosi s nmenbrane 113 including a passage material 112 is wound
spiral |y woPHYg edhsgader “PPA & 2519 95 P AP brine
seal 115 i $:RMovhded Aat,-0ne erd1af: t.he reverse osnosis nenbrane el ement
101. Each of the reveérse osnosis nénbrane el enents 101 | eads supplying

wat er (sea wat e krdodirdera mfedetseavated slessslume Sigsplarad: fatom tde
front-side ab rcio?ﬁ%e%ec%lon% > sipqtr% lt hreevs AGE ObSL tovz\ﬁesn rr%(}irlb%%%net d "fvraf A& Ojf s the

15 represented in Fig. 8 (Patent Document 1: Japanese Patent
Application 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 a plurality of reverse osmosis membrane elements 101
that is serially connected to each other and is housed in a
cylindrical pressure vessel 102.

25 In Fig. 8, numeral 105 denotes raw water (supplying
water), 106 denotes permeated water, 107 denotes
concentrated water, and 115 denotes a brine seal.

[0006] As shown in Fig. 9, for example, each of 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 arcund a collecting pipe 111, and the brine

seal 115 is provided at one end of the reverse osmcesis



5 envel ope-shaped reverse osnosis nenbrane 113 t hrough the nmesh spacer 114
in turn. Perneated water (fresh water) 117 passed through the reverse
osnosi s nenbrane 113 by reverse osnosis is brought out froma rear seal 118
t hrough the collecting pipe 111. Concentrated water 119 is also 10 brought
out fromthe rear side of the reverse osnosis nenbrane el enment 101

[ 0007] When using such a spiral reverse osnosis nenbrane el enent 101 for

seawat er d i i Qn u i X i ght .of the_rever j ure
menbr ane e %%%ﬁ?gglgiegggglgOadusggcﬁngg g?ﬁgl% ngésgégogzggee 185§%% be
used. [0008NArEhtisstifas ltrde typelvevier setesniysies (WROprdewiice widnstar uct ed

with a plurality of el enments has al so_heen devel ope Pat ent cunent 2:

Japanese P&F@ﬁ?¥ﬁﬁBPP€§tPGﬁSEHFﬁ-éﬁgﬁlNﬁg566?3f%?S%f%?%fﬁﬁﬁbgg??ﬁﬁareasons
the el enent:g arg1Roused ikRet BgapLessU@cvess8lhctd? ale rdesel iJred el ow. 1)
When the nunmber of reverse osnosis nenbrane él enments 101 housed in a single

pressure vesgellope? shepiedcressadet o sreduice rehe ramebed Sothigresdurtdievessel s

102, the nunber of 25 high.pressure bran pi pes i s Leduced,. Wi uts
constructi8ﬁ5§0§?§?832;1ge&5cgﬁénfhe ﬁ&%%gﬁgng%%§§s Fg%%§%§%L§§@0§H¢:
instal | ed baadsdt entrhegheduet irereekeansimstial mabenanar ed 3r eguirdeatrse3) By

reduci ng the nunber of pressure vessels 102, a 30 supplyi ng water anount
flown intoC&"8isRgl ésr byergBtosHbsis Hefbrane eférent S16T alehaddty _
e cases, pBEgRine g sy goncenaton g sy han enauenon. by which
10  brought out from the rear side of the reverse osmosis
membrane element 101.
[0007] When using such a spiral reverse osmosis membrane
element 101 for seawater desalination, about six to eight
of the reverse osmosis pressure membrane elements 101 are
15  housed in a single pressure vessel 102 to be used.
[0008] 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 [0009] 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 reduction of an installation area reguired.
3) By reducing the number of pressure vessels 102, a
30  supplying water amount flown into a single reverse osmosis
membrane element 101 averagely increases. Because cf this,
concentration polarization phencomenon, by which the

concentration is elevated at a membrane surface, can be



suppressed to inprove desalination performnce. [0010] Patent Docunent 1:
Japanese Patent Application Laid-open No. 2001-137672 5Patent Docunent 2:
Japanese Patent Application Laid- open No. 2007-125527 DI SCLOSURE OF

| NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON 10 [ 0011] When t he nunber of
reverse osnosi s nenbrane el enments 101 housed in a single pressure vessel
102 is increased (ten elenents, for exanple), the difference between the

water qual LixoLaunl 0ot BRoLEOR qEeuesas 08ADBLS sOBRRge el ement (1-th)

and the water qua in the rearnost reverse osnosi s nmenbrane
el ement (10-th) increases. This results in a problemas shown in Fig. 10.

The anount of the produced water obtained fromthe rearnost .reyverse osnosis
menbr ane (igpﬁhﬂ is BﬁFFBFEPQCQWﬁPFei'tﬁéﬁapﬁéeagﬁﬁﬁp%oggphécﬁ&&&@ced wat er
obtai ned frgmitRechr @Bt 2@pfeyergezosnosis nembrane (1-th). [0012] As shown
in Fig. 10, the nmenbrane of the front reverse osnosis nenbrane el enent
(1-th) producesPatkatgércampunit 2of Jpprmeateldahansdr Apkan cetid omedarianes of

ot her el enents.  As S nly the front nmenbrane is 25 extrenely likely
to be stai REG" Eﬁ't%gﬁgtEEEBﬁgnd, t he menbrane of the rearnost reverse

osnosi s nenbrane el enment (10-th) produces the extrenely small anount of
perneated water, which |leads to a problemthat the nenbrane cannot be

utilized ePfEELPVERY. CBOLDYEBI+REr ef ore, the fluctuation of the using
condi tion ehkhey el Bi-dugh vEevearseyes ARGy THBRDr ane el ement 101 i ncreases,

so that the reverse osnpbsis nenbrane el enent 101
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
between the water quality flown in the front reverse
osmosis membrane element {1-th} and the water gquality flown

15 1in the rearmost reverse osmosis membrane element (10~th)
increases. This results in a problem as shown in Fig. 10.
The amount of the produced water obtained from the rearmost
reverse osmesis membrane ({(10-th) is extremely smaller than
the amount of the produced water obtained from the front

20 reverse osmosis membrane {l-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
(10-th) produces the extremely small amount of permeated
water, which leads to a problem 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



becones inefficient as a whole. Thus, it is currently general to house, in
a single pressure vessel 102, equal to or less than eight elenents, nore
preferably equal to or less than six el enents. [0014] For the above reason,
a spiral type seawater 5 desalination apparatus capable of reducing the
fluctuation in the reverse osnosis nenbrane el enments 101, of increasing the
housi ng number of reverse osnpsis menbrane el enents 101 housed in a single

pressure v 0 f cre t C n.ef ie f
Ceavat cr ddoarrAat fon ohsd” 18P acaThagr) B oPs he deveraped” [ OOTE THS
present ineeniizen haanbeeghnadéemantsemmoketpeeﬁembbéwseqaad ac ol ect
thereof is_to provide a spiral type seawat er desal i nati on apparatus capabl e
of reduci ng®ERetPROcEhEt PORMERFever se osnosis nenbrane el enents housed 15

in a pressypgiygssel poMEANS EOBveO:¥hNen PREBLEMEQ0EELACERRdLREG L O an

aspect of the present invention, an splral type seawat er desalination
appar atus dﬁ@amdestlanzepﬁsmﬁ§UStyp@abﬂ@s§&rée¢é§gé9 ihewhilel taaplional ity

O e Se BRI M LA ToRLR, DK AL A 1PN 38 RIS
water is ceneegbedihbr aughea pEr fe@bede osmosis membrane elements 101
housed in a single pressure vessel 102, and of increasing
the production efficiency of seawater desalination, has
10  been desired to be developed.
t0015] 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 nmembrane elements housed

15 1in a pressure vessel.

MEANS FOR SOLVING PRCBLEM
[0016] 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 1is connected through a permeated
water pipe; a raw water supplying line that supplies the

25 raw water 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
center of the reverse osmosis membrane elements in the

30 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 exterior, respectively, which are separated



wat er pipe; a raw water supplying line that supplies the 25 raw water 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 perneated water pipe at a center of the
reverse osnosis nenbrane elenents in the 30 pressure vessel; a front-side
pernmeated water line and a rear-side perneated water |ine through which

front-si de_.perneated_ water _and,tear:si ) e ksgharged to
exterior, F ESe%PFv%F?? 7 F%ﬁggﬁggggbaggtggénﬁg%gggﬁgaa ??E?eg%égtively, at
t he pernmeabedcwatiebyptpe blagked byctberpl ugpuaapiegsuréveegukatiing val ve
that is nounted in the raw water supplying IiEe supBI§ﬁng the raw water and
regul at es BOBOEPPy 1pr eB8uFEYoMaERE FRRPWILER; L1415 PIBRYEHHl &PPngaVal ve

that is moynted Lpgt %gﬁ%g_@et éagﬁgp\m@t B-cdipchang Rgel i-08 hercegghawhi ch
the concentrated water “i' s di scharged, "and regul ates a discharge flowrate
of the Toncéntr atgdlwaten; vaddeatpréssar monagatatnngheakeacehatraitednount ed

in the front-side, perneated ter Line throu which t frant-side
per meat ed WaF&rF ﬁ%gﬁﬁééﬁépaeﬁgnﬁna F@&ﬁ%af§§gg %SSMFP§ gng%aF g F?gﬁf-side
per meat ed wat gr s-h8Q4ZLAdyaAt aggauskys thaisphbalet ¥pewseawvat ef the

desal i nati on appar at us further includes a second reverse osnosi s nenbrane
appar at us thatehsrabedt @dtien it Radf PoRESSEHTE d8IPeribafed 2hdteiDRENd Sand

produces per d.water through.a.rey IS DS IS LaRe UsiRg the
front-sidemﬁggﬁégtéﬁa&gﬁeggﬁﬁghgﬁ?ﬁh%%?éggﬁgg. %ggfg?%gvantggegusly, in the
spiralig ypehseawater frondesadenaki-oraappawates, icondechrated, waner obt ai ned

from 20 the second reverse 0osnosi s nbrane apparatus is.returned to the
aw viater SEPBIFEAG Fi AAOW] BOLE] AdvARFadeausTy LFnE SBrPAPSt Jhe Seavat or

[0017] Advantageously, the spiral type secawater
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.
[oo18] Advantagecusly, in the spiral type scawater
desalination apparatus, concentrated water obtained from
20 the second reverse osmoslis 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 is 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 valve.
{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.



desal i nati on apparatus further includes an energy recovery apparatus that
is mounted in the front-side perneated water 25 |ine and recovers energy of
the front-side perneated water with high pressure. The pressure regul ating
valve that is mounted in the front-side perneated water line is replaced
with a flow regul ati ng val ve. [0020] Advant ageously, in the spiral type

seawat er 32[90%|<32§Lzs}l in aéi de% n@{gﬁggﬁ%g@, pkh %%g-r\gqy é:‘ﬁz?:'ev €ch$ sk ater posed between

the fl ow regul™ati ng val ve at i s'fhounted’in th ront-si de perneated water
i ne and t hie=energy irec eypeky sapparatiser [[0Q21dAdvant agesusiny, the spiral
type seawat er desalination apparatus further includes:

a press
conver si on EPYETERNGE ARRELEGMe S tp COLYGFE SeReFgy Vo f Fﬁ&ffi%ﬁtg gih(‘fe

per meat ed VAt gl IR HSsRUeEnekey ahtihere dale %jn@%ggebﬁeétﬁ'@d wat er ;
and a second reverse osnosis nmenbrane apparatus that produces perneated

wat er t r outge rar sriglre e resiiesi yarenhr anel g@sisegoriie NeFErsSS @ETPErPeat ed
wat er whose pressure is _increased. [0022] Advan |y dn iral type
G BT 5 B £ 8 T G Fy s vt o SRR e

seawat er ree<way valve I's I nterpose ween

the flow r eguledtdaN® rRlsve el dasemwited the the Ffrdete giedacpermeat ed wat er
| ine and the pressure conversion apparatus. 15 EFFECT OF THE | NVENTI ON
[ 0023] Accorditifg 6 Astfe AFCESERE iifv MG GRS%he fluctuation in reverse

osnosi s nenyansg el ef}&%{u&%t%%o%%lgﬁdlﬁe%@%itﬁq URers Rf s t@uer se osnosi s

menbrane el enent’s housed in-a singl'e pressurée vessel can be 20 increased
(ten el enentssa lfiora exanplpe),r awhisch serrdblees way ivedrgase tibd epirodist | on

ef {1 ci ency of seauater desal,ination, [0024] e substantiald y { h,same

front-side permeated water line and the pressure conversion

apparatus.

15 EFFECT OF THE INVENTION
[0023] According to the present invention, the
fluctuation in reverse osmosis 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
increase the production efficiency of seawater desalination.
[0024] When substantially the same number of reverse
osmosis membrane elements as before (six to eight elements)
are housed in the pressure vessel to be used, the

25 fluctuation in the reverse osmesis membrane elements housed
in a single pressure vessel can be reduced. The amount of
the produced water obtained from the front element is
reduced so that the element becomes hard to 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 frequency 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.



osnosi s nenbrane el enments as before (six to eight elenments) are housed in
the pressure vessel to be used, the 25 fluctuation in the reverse osnosis
menbrane el enments housed in a single pressure vessel can be reduced. The
anount of the produced water obtained fromthe front elenent is reduced so
that the el enent becones hard to be stained, and the rearnost elenent is
al so used nore effectively, which 30 enables to prolong the life of a
menbrane and to reduce the washing frequency of the nmenbrane. Furthernore,
t he nunber of pressure vessels in a whole desalination plant can be reduced
by as nmuchpasierhessorIPTEONBAE DRAWHEGEront el ement. BRI EF DESCRI PTI ON OF
DRAW NGS [ 0025][Fig. 1] Fi . 1.is a,schematic of a s |raI tx@ amater

b i RE. @ spLRaITEY

desal i nat i dR0&ppar at 451 8ccdl di Ayt ola fi FsPCRABBHLFent

Fig. 2is aggghempt B&sQﬂlﬁa@Qbflaapbﬂ?gtﬁ@a%bgﬁcdﬁjﬁ?a{:_bnat m@s@ppar at us _
according to a second enbodi nent Fig. 3] Fig. 3 is a schematic

of a spirakmbpgéméftseawat er desallnatlon apparatus according to a third

nbodi t 4 t f a.spi t
dosal | nat i on apBiat g ackbfa hy' o a rBireh Bnboarnsht 2otsEert PS) “Fig &

is a SCheﬁ@bb%a@%raaebBﬁﬂnaphbalaby@easaamaEEbrdeaalLnahieacapﬁaratus
according to the third enbodinent. [Fig. 6] Fig. 6 is a schematic of
anot her speEprgPILypat. seamater desal i nati on apparatus according to the

fourth 20 embodifent. 5 71 3P a7 skbRcR20E BPBOL Lie 8MDUghOf the

produced wat er ine fro each elenent 1n the spiral type seawater

desal inat i spaapparatiusaacoatdongappatrheéubi pstoenbodi rent. third
embodiment.

[Fig. 4] Fig. 4 is a schematic of a spiral type
seawater desalination apparatus according to a fourth
emnbodiment.

15 [Fig. 5] Fig. 5 is a schematic of another 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 amount 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
desalination apparatus of a spiral reverse osmosis 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  coenventional 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



25[Fig. 8] Fig. 8 is a schematic of the seawater desalination apparatus of
a spiral reverse osnosis nenbrane apparatus according to a conventi onal
art. [Fig. 9] Fig. 9 is a part exploded schematic of the spiral
reverse osnosi s nenbrane apparatus according to a 30 conventional art.
[Fig. 10] Fig. 10 is a graph of the ampbunt of the produced water obtained
fromeach elenent in the spiral type seawater desalination apparatus
accordi ng t%o%%, Qnyvent 'a r)ctal art. BEST MODE(S) FOR CARRYI NG OQUT THE

| NVENTI ON [ ﬁ € present” invention will be described in detail 5 with
reference to the acconpanying draw ngs. The present invention is not

limted to the enbodi ments. Constituti el e f .the enmbodi ments
i ncl ude el éferit SGEAE)| f%%ﬁ%%%&g ﬁ@}ﬁ@% ed in the art, or

el ements bejgg @ubst Bk die SR B mﬁq b0 deigests O] s 10027] A

spiral type seawater l'1 nati on apparatus according to an enbodi nent of
t he preéentwmtrivemﬁearer‘wd |t doe: hobe sorddyeth W ity cfasiidrice td'—“ft%@feﬁfa@)'ﬁpanyl ng

oraw v Al 13 DTSRI Yo 3P S L AR R o
type seavatf£relesdl igratdien appalatdis: { desdhidwatd iIemeanparadais)l 1 0A
convertibleé by a person skilled in the art, or elements
being substantially the same as those.
10
First Embodiment
(0027} A spiral type seawater desalination 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 of 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 a salt content from raw water

25 (seawater) 11 that is supplying water, is connected through
a permeated water pipe 14, and is housed in a connected
state; a raw water supplying line L, through which the raw
water 11 is supplied into the pressure vessel 15; a
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 13-10 in the pressure vessel 15; a



includes: a spiral type pressure vessel (pressure vessel) 20 15 in which a
plurality of reverse osnosis nmenbrane apparatuses (hereinafter,
"desalination elenments” or "elenments") 13-1 to 13-10 having spiral reverse
osnosi s nmenbranes (RO nmenbranes) to obtain perneated water 12 that is fresh
water by reducing a salt content fromraw water 25(seawater) 11 that is
supplying water, is connected through a perneated water pipe 14, and is

housed in %r%%@neah%dgsgﬁ%ggea [30e4a 86, SuppLyling LLpe_Liqthrough whi ch

the raw water S Into t pressure vessel 15; a concentrated

wat er di schergicageki rete2 flhneugh MMreMg30wbmnheﬁroatedldetBermeated

concentrated in the pressure vessel 15 is disch r&e&g_g plug 17 that bl ocks
rse

the perneat'@dFatér lpPpe 1£3%f StAE PEATEATSE PRES %GSnosi s menbr ane

apparatUse%A%%h%rb%dl%olQh%ne%@%r@b%SSQ%%p%%%§®él%5 whichr ente- si de
perneated water |i'ne L3 and a rear- si de pernmeated water line L4 through

whi ch ¥ ontsepiade tper feated apdic , 1ZE§P§ﬁ@lW@éN4spéet@§rﬁ@é@@@tﬁﬁter 12-2

d h d h ,
and af i T eQREE PRy %P IPRQcHe e al Gd FUarLr B Bo LT BT Ak ad OBy e ol ug

17; a pressun&e egulaki-ng svalove 20 tz_lﬁaﬁ:hles rraimum:fae:@bn B uichpd yriany \zramr Ly
supplylng line LI and regul ates the supply pressure of the ram/mﬁggf 11 (70
kg/ cnR) ; adfHowessdaltas; (;51<‘3\/§I‘1‘P€32’1Ptrﬁ§'t‘3u|r§2 Rduited 5 e efo 1d htrat ed

vat er d'scﬁgvghPQ '5“?55% ?ggurgsyh t9§1%9929'§ﬁQ€r9§ bbewt eat enofnthe

concent r at eéd’wat er W regu atrng valve 22 that is nounted in the
f r ont - 50 de cpecrpatred evwatert e e skBaandngedulnat és thd peessacesothehe

front-side perneated water 12-1 ( kg /cn to 15 ka/cnR). 15 _1n..Fi 1,
nuneral s 286hH ?ggﬁeﬁef@’ﬁréﬁnﬁ %g %Oncenﬁﬁghﬁd ﬁ%ﬁﬁg”aPQdSUbgPaﬁgrally
the sane a%eb'ﬁ@a%ll%@e%iv'en B @ha? as deserideed rabove fricach saliet he el enents
| eads the raw water wth a predeterm ned pressure supplied fromthe

front - si dep@rrrru@@tgaesarwart@tro lz@ebé»tsmeﬁ t—“ﬁ@uéﬁg@é beeweERS&df Aceht “88r f aces
of the envelo shape rane t hr.augh ., aE rakng ULp?, Per meat ed
wat er (fresh mgteffel ﬁﬁ%%e hro&éhlghg Qd (iﬁe y reverse osnDsrs i's
broughts outrof ram.t he meaersaal 2Bhreugl H@aqmawﬁﬂﬁmméummﬁr pi pe 14. The
menbranes 25 are shown as sloped |ines faor conv ence of ramnng [0028] I n

the present enbddEnERELENE Fitdy SEP PO ddd Yat™ &F the pressure
vessel 15 36RaLakes ;SURAlYI R0 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 surxfaces of the
envelope~shaped RO membrane through a mesh spacer in turn.
Permeated water (fresh water) 12 passed through the RO
membrane by reverse osmosis is brought cut 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 supplylng
water into an epstream 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 obtained separately

from the pressure vessel 15 through reverse osmosis
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water into an upstream side (raw water supplying water side) and a
downstream si de (concentrated water discharging 30side). Ther ef or e,
the front-side perneated water 12-1 and the rear-side perneated water 12-2
can be obtained separately fromthe pressure vessel 15 through reverse
osnosi s mnenbrane apparatuses (elenents) 13-1 to 13-5 arranged at the front
side and reverse osnosi s nenbrane apparatuses (elenents) 13-6 to 13-10

arranged at_the rear_side.of the plug 17, B rovy di e ug 17
al | ows applrri/el ngraanedi%gpearreanttusneasc k( e%eg%snt]}rse) tlo3 t%e&pglrslmcsga[%rd} 5{\,1{16@{%% %

obt ai ned f riam tiherft antdeel e s aark tdendead eingyents . apparatddes | ow
regulating valve 22 is nounted in the front-side perneated water |line L3

for the frotftlafiefd Perlmh &9 16 Wdt - g bihttai et 150m I 1ot ement s

t hat pr odu%ﬁ&ghej{p_er neated water 12 readily. [0029] The desalination
operation is perforned as follows. (Step 1) A punp 18 is started to supply
t he rawbwat er 1P dbrdiditray tire griessure aleissed 5 1yThey fd ol riateeof ek

concentrated water 16 i s requlated by the flow regul afi val.ve 21 that is
rount 6d. | n K T drt 1S SRS Yo 1 TG S Y b o ey

value (70 ko/SGit+d neXaHl@ar 20(Step-«2) The pressure at the inlet of the
RO nenbrane in the pressure vessel 15 (60 kg/cn2 to 70 kg/cnR, for exanple)

is regul ated by fie foras sirm ikdgulcatialg v @4 el 20nadied sioilift ebdmtthe raw
wat er SUppgiLc%Q%é@ﬁea]t'be]d hﬁa&etlhaltir::[eh%p%%'}?ghgdtf\gﬁ&xgtﬁéﬁée@%% %%t%ddeSI gn

val ue. 25( ¢ back pressure (TYokg or ‘exanpl e)
i s apphbded,wsseA hat-1 heyifdiowd atrenoft Hdef raar -sliaderper ngatie b yetiete 12- 2
obtained fromthe pressure vessel 15 through the rear-side perneated water

line L4 reddifef @t arhlad ey 4 fiA%itishg the flow rate by the flow

regulating rgp29] 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/cmz, for
example) .

20 (Step 2) The pressure at the inlet of the RO membrane in
the pressure vessel 15 (&0 kg/cm® to 70 kg/cm?, for
example) is regulated by the pressure regulating valve 20
that is mounted in the raw water supplying line IL,, so that
the permeated water 12 reaches a design value.

25 (Step 3) The back pressure (10 kg/cm® to 15 kg/cm?, for
examplie) is applied, so that the flow rate of the rear-side
permeated water 12-2 obtained 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 valve 22 that is mounted in the front-side permeated water
ling Ls.

{0030] The back pressure is applied to the front-side

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

11



30 valve 22 that is mounted in the front-side perneated water |ine L3.

[ 0030] The back pressure is applied to the front-side perneated water 12-1.
As a result of this, it is difficult for the front-side perneated water
12-1 obtained fromthe front elenments (13-1 to 13-5) to be di scharged.
Therefore, as shown in Fig. 7, the fluctuation between the front el enents
(13-1 to 13-5) and the rear elenents (13-5 to 13- 510) can be reduced.

Because of .t hi the fluctuatiqn_ of ch_ el t.C ald evi.at as
conpar ed with ?Hﬁt?Fﬁnﬁiﬁ}%fopFﬁgﬁaF% |%§$8§n?%elc§gg%%ﬁ9re ?E%E§%§ive
connecti ng firype ehenents ane-installl3ed)aso decanvehtirgeal.l y Thenre.fok@:,
Furthernore, even if seven or nore elenents are housed in the pressure

vessel 15, afefbPaRedncdRdbe Tut ithez ddVerresi e Py BeCEuLE S K aitount of the

per meat ed I t ,of .t he_produce tern) Nereases. 1[z06311Ageor di ng
to the preggﬁgﬁpﬁggﬁ??o%,thg%ng%bg%%o?h%grRS ngnbranes Jo be housed in a

si ngl e pressur eavedbeelretibcean be i ncreased, which enables to reduce the
construction costs and the installation area., Even if sinila% nunber of
el enents as bef 6FEAESEX Otfto t&iGhit Lé‘leeﬂ;grllltc )ua%r"émhé’ s&F Fh HHE SN e SElt e
vessel 15, tay 530 cenabliing st @ ohedues thenf kuekuati ong.n ichenzaver se osnosi s
menbrane el enents 13-1 to 13-10 housed in a single pressure vessel 15, the

front el emémdit3iesproguces el ede RateICCrs She SCuRTTREG) 19Gi"&E, and t he
rear most e%g%%%%t%Bé%% H%s%%§Qe%T%%CH%V%| ve%%i%n%ﬁ?ﬁék%n&ﬁe prol ongi ng

life of a nenbrane "and "t hée reduction of the was requency of the
menbr ane camheecexpeet edvehurtthercvene ot he reurtencoft spress oaseessel s 15
housed can be reduced by as nmuch as the roomis nadetgg:the front el ement

13-1. 30 SECEn@IERBIEENERE SEA03) ATSHIAN Sy 58 1s E5natdr- *d&Shl i nat i on

appar at us effectively because the amount of the permeated water
(amount of the produced water) increases.
(0031} According to 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.
Fven 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 to 13-10 housed in a single pressure
vessel 15, the front element 13~1 preduces less water to be
unlikely stained, and the rearmost element 13-10 is used
effectively. As a result, the prolenging life of a
25 membrane and the reduction of the washing frequency of the
membrane can be expected. Fuorthermeore, the number of
pressure vessels 15 housed can be reduced by as much as the

room 1s made in the front element 13-1.

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

described with reference to the accompanying drawings. Fig.
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according to an enbodi nent of the present invention will be described with
reference to the acconpanying drawings. Fig. 2 is a schematic of a spiral
type seawat er desalination apparatus according to a second enbodi nent. As
shown in Fig. 2, a spiral type seawater desalination apparatus 10B
includes, in addition to the 5 apparatus shown in Fig. 1, a second reverse
osnosi s nenbrane apparatus 30 that is nounted in the front-side perneated

water line. L3 and provides secqon r t - i he_front-side
per neat ed ﬁ%ﬁgralfp %ﬁ%rF%ﬁﬁf&h%ﬁﬁgégﬁgéggigﬁfﬁ%g% %%ﬁ%%ﬁﬁ%ﬂ?ﬁhre,
nuneral 26 sgenretessa 2t fdawmpeter a 3badenbdtedddimecancent rat ed wat er

obtained fromthe second reverse osnosis nenbrane, and 32 denotes a fl ow

regul ati ng val vé&t FReWedd dtids @heaﬂﬁﬁﬁﬁ%%e¥%3etq%§%iWE%ntrated wat er
obt ai ned fro%@ath%a%}%%n%]prg%}i%rt%% QYIS 1TRIBY, ang, Aditi%h QVeIse 0SS s
re

menbr ane appar at us tive to the second reverse osnosis nenbrane
appar at bis 3@pprEeansst @oweyense’igsnisi s meErrahe eoleerentesEd-ie to 13- 10

housed in the pressure vessel .15 (hereinafter the s ani.ng .shal

e AR Armare it A Sng et R B2 3 ks o

hi gh pressyeanld KOG 1S9 hat sdasak-bratieensksoper permedtatl theesecond
reverse osnosi s nmenbrane apparatus 30 by utilizing the pressure

ef fecti vel Y.2-3 usinThdheorfe dds@lidn Redmsedaitl 'Wertedied water 213V igcan be
bt e SRRSO A% SRS (2R Dhel BEGREEON T FR LY BEo8oABTRS! &

menbr ane apparatus 3 econd revers snosi s nmenbrane apparatus 30 may
be either dfcartaldow st rddigteanbtrane drypertoratespiatadr toppgeife@033]dm t he
present enbodi nent, the pressure regulatiqg valve 20 jnstalled in_the
front-side [P FegEd 3BT A5WE 153 TP HHE f -%gcﬁ}ﬁﬁwﬁ%éiéa‘Wbter

12-1 regulating valve that regulates the flow rate of the
concentrated water obtained from the second reverse osmosis
membrane. A first reverse osmosis membrane apparatus

15 relative to the second reverse osmosis membrane apparatus
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/cmz), 30 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
osmosis membrane apparatus 30 may be either of a hollow
string membrane type or a spiral type.
[0033] In the present embodiment, the pressure
regulating valve 20 installed in the front-side permeated
30 water line L; for the front-side permeated water 12-1
applies a back pressure, so that the permeated water 12
obtained from the front elements 13-1 to 13-5 is difficult
to be discharged. As a result of this, the fluctuation of

13



applies a back pressure, so that the perneated water 12 obtained fromthe
front elenments 13-1 to 13-5 is 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]1n the first enbodi nent, the back pressure of
the front-side perneated water 12-1 is consuned at the valve. 5 However, in
the present enbodi nent, the second reverse osnosis nenbrane apparatus 30

treats the front.-sid r meat ed t - 1..0ncC i Si its back
pressure. 'Itﬁ’eer eefj“oe ee,necﬁggye wreeendet\sﬂy'z% iefﬁﬁoingtd]shl%%ﬁg)?ia%hy% ?ééc?gmfrlgieer eat ed
wat er 12- 3 rean-dmcelt.ai ned. 10[ 0035] Typically, two punps are required to

apply pressure when a treatnent is perforned using reverse osnbsi s nenbrane

appar at usesl %P 4o stléps:hq fFitHRE FrEREHT o ditfe A S oMy 58 Withdife Hitp 18
I's requir edﬁdm%pci&a}i%@%egwﬁtféw@my il ddAuoned o t15HQ038] 1 The

concentrated water fromthe second reverse osnosi s nenbrane
appar at tis 3wesredi,| utre theEMparesteni tamktdvbelmeave ,wether skEtornThereefeorses t he raw

water 11 that is supplying water is di]uted i.rcul ati.ng .t he concentrated
wat er 31 td’sln}?e“i%l“getm%‘?ad% c?fpptaﬁé'iwolf}.re bCyS?%hae Eésoﬁ]ﬁ“,%l Srocess in
whi ch ener gjéwtd%ﬂ S J-oweyn dUrd g rlesahidiaty an candae tdained.

i

Third Enbodi nent [0037] A spiral type seawater desalination apparatus 25
accor di ng tloiedre fersoditientnagfe 1des gdriasiarmd (MBI twi 19e95@ descri bed wit h

o ence LR MBARPUIALIL LI 108 ik |3 2 sohemlyc of o bl 1l
shown iino Fi@o3%] a spyrdlcdlipe seawateips are regquired to apply
pressure when a treatment is performed using reverse
osmosis membrane apparatuses in two steps. In the present
embodiment, only a single pump 18 is required, so that the
system efficiency is improved.

15 [0036] The concentrated water 31 obtained from the
second reverse osmosis membrane apparatus 30 is dilute
compared with the raw water 11. Therefore, the raw water
11 that is supplying water is 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 desalination apparatus

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

As shown in Fig. 3, a spiral type seawater

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

and recovers the energy of the front-side permeated water
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30 desalination apparatus 10C includes, in addition to the apparatus shown
in Fig. 1, an energy recovery apparatus 41 that is nounted in the
front-side perneated water line L3 and recovers the energy of the
front-side perneated water 12-1 with a high pressure (15 kg/cnR).
[ 0038] The front-side perneated water 12-1 has a high pressure (15 kg/cnR),
so that the energy recovery apparatus 41 utilizes pressure energy

ef fectivel y., 5The . ener re I pparat t.is installed in the
front-sideﬁgeﬁnﬁgfgd%mgﬁgp %?%%S%§%cgﬁ§eg#25%}é°the front elements 13-1 to
13-5 from viltiocls it he perengated -water pk2mes tabt alated rli€adi Ihas Ehérirggcover ed

energy can be utilized for, for exa I@,“Ehe ogeration erforned b¥ t he
first reveﬁ§@sﬁﬁiﬁsﬁé§i§gﬁ€ﬁh?an§°anBQFaP §. ¢ ﬁgﬁ]ﬁﬁﬁﬁgFﬁg PPERE Efer gy
recovery appanghiys 4L thak e Reused drieludeea known recovery apparatus
such as a Peiton Weel "energy recovery apparatus, a Turbocharger energy

recovery appar atiie, cacPoesswce vExchapgperra(tPX) ddndsgy s aldesy eny tHppar at us,
and a Dual Work Exchanger Energy Recover gy .r ver
appar at us. TOB40PHE PXIEFEGY & &6 eﬁﬁn% &gMEEE%QSFEE Yo £88 %rxpgad of

appdr atus “al'lrevirat és 't hé

the punp 18 1R¥neSWst ghi-ng tiche 3disr egtanomafcH e epicsirer Aleevveft dxhel f riant - si de
pernmeated water 12-1 in the 20 cylinder of a plurality of revol ver-shaped
cyl i ndri calohtatimef Bedicds o TFENFHAOYHES 1SR 1% (IR PRy Watlerzedt, T her eby

utilizing the exchanged Resswiadity kihahiood Waththe UEER anargy
recovery apparatus-usés a plurality of cylindrical pressure vessels. In
each 10 osmosis membrane apparatus.
[0039] Examples of 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.
{0040] 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 1Z-1 in the
20 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?y .
(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 (15 kg/om?) .
30
Fourth Embodiment
[0C42] A spiral type seawater desalination apparatus

according to an embodiment of the present invention will be
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25 cylinder, the front-side perneated 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 the punp 18 is alleviated by utilizing the exchanged pressure (15
kg/ cnR). 30 Fourth Enbodi ment [0042] A spiral type seawater desalination
appar atus according to an enbodi nent of the present invention will be

descri bed w t .ef_ et c ' 11086 FiGwiddsS a g
schematic o e%él%eggﬁqﬁépg%sfteera}\%&a%r ch)ggg?él ﬁ%e;tcg%nﬁﬂa pargat us WaiLcchor'di anlc%'o a
fourth enbodiinent .scAenshdwn din aFisgpird]l av3pi ralavatpe skmmdtieration

desal i nati on apparatus 100 includes, in addition to the apparatus shown in
Fig. 1, an %@F%WW%&&@%%& FAHCDTSH 1 he {1 ont - of de

per meat ed wat er Zld ng 3, LAty cONVer t:s dhe anengy ofedifie dy ont - si de
perneated water 12-1 with a hi'gh pressure (15 kg/cnR) into the energy of
the 10 Peardesiade rperimeategdandtters 12 irfQ04BIsThe rermaitgk isth tive HYheont - si de

ted water 12-1 with a_high 15 _ka/ i d.into th
nery of PETan s He Berbdedd vt & T555 DA Ner T rsm b e o

el ements by;d Retaldddnd it e eemargit -Gamve s et sk cappareat Usirk0 it;hahaconverts

the pressure directly. By utilizing the pressure (15 kg/cnR), the converted
energy may BEVEESd fidre ohendestiméhe tfy‘fot%ssléjc?orﬁfrr”&i’g'r‘%de "G&fdsils enbr ane

apparatus 30..{ Q04ALEXUMISS,.f 1Ne 1&NRLBY GARKEEELOBLARRYT BEUSHRO
10  rear-side permeated water 12-2.
[0043] The energy of the front-side permeated water 12-1
with a high pressure (15 kg/cm®) is converted into the
enerqgy 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/cmz), the converted energy
may be used for the treatment by the second reverse osmosis
membrane apparatus 30.
{0044} Examples of the energy conversion apparatus 50
20 that can be used include a PX energy recovery apparatus and
a DWEER energy recovery apparatus.
(00457 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 te transmit the flow to
the rear—side permeated water 12-2. The exchanged pressure
(15 kg/cm?) is utilized for the desalination by the second
reverse osmosis membrane apparatus 30.
Treating the rear-side permeated water 1Z2-2 improves
30 desalination performance as a whole process, because the
water quality 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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20 that can be used include a PX energy recovery apparatus and a DWEER
energy recovery apparatus. [0045] The PX energy recovery apparatus sw tches
the direction of the piston flow of the front-side perneated water 12-1 in
the cylinder of a plurality of revolver- 25 shaped cylindrical rotary
bodies to transmt the flowto the rear-side perneated water 12-2. The
exchanged pressure (15 kg/cnR) is utilized for the desalination by the

q : ti h -sid
Seeons Lo IS SIS ST SR s, Ay Ty e

per neat ed wat er l'inatio ormance as a whol e
process, bedaused itthe ofatoarl igualiictayl @fretsrer reearessiadess .perlmeateeth wat er 12-2 (a

salt concentration of 300 /L) .is worse than the ter. quali of the
front-si de Permésttad Wt éfrr%-‘)fl(dﬁé)eﬁﬁﬁa)t.E&q[“@gfbrﬁ éjD\?\‘E'é?tték’Br/?errﬁr"
recovery appaiASmeses A WRitwality @frecx:laxrtqmi@aiedorrﬁswﬁi\tqwl s. In
each cylinder, the front-side perneated water 12-1 and the rear- side

per neat éd watlers, 1202l dhe gaom digwed oy par tvtlitemes! wllles nadgd ®t He 1 ow
direction i,s _sw t.ched alternately,.t0,t gmt o re (15 kg/cnR) to
t he ot her. t[srﬁdl\é’mﬂl Osf’ﬁom%s%ulic%gy(lé é# [ 6 rtg, @ﬁﬁggggégri ngti ong :
appar at uses{ 0tQr ;1and 1QD shrelude tthree-sway v atives &2 thet weer itibe tfircant - si de
pernmeated water 12-1 and the energy recove(rﬂ){l 10 apparatus 41 (or the energy

conver si on ARFdrd e 500G ¢rehdd It Heceows dihrée TRy §’t‘3§'rvte-%r§.2( ¢ UESER 5 and

Fig. 6, numerals 27 .denotes he fil.ompter. of) di SEhangingwater 43.
When starting the punp 18,§Dtheav\ﬁole flc;:wis set to be fnl own to toﬁréery
di schatgi ngpwetrert 143 45 der daid afteergyt e nrvearsialb agipder afersnddtied-onat er 12- 2

2 OBt el g, 1S 1 QLS Selod 9uf] QU gratal | vk Uhe ghergy r acovery
three-way valng$142.7 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 reccvery 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.
[6048] As a result of this, also when the energy
recovery apparatus 41 or the energy conversion apparatus 50
25 is installed, the desalination with high energy efficiency

is avallable.

INDUSTRIAL APPLICABILITY
(00491 As described above, with the desalination

30 apparatus according to the present invention, the
fluctuation in reverse osmoslis 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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In this case, at Step 2, the pressure regulating valve 20 20 installed at
the raw water 11 side controls the sumof the perneated water 12 and the
di scharging water 43 to be a set value. [0048]As a result of this, also
when the energy recovery apparatus 41 or the energy conversion apparatus
50 25 is installed, the desalination with high energy efficiency is

avai |l abl e. INDUSTRIAL APPLICABILITY [0049]As descri bed above, with the
desal i nati an 3 us.accordin thecp %?Qﬁa% fgféﬂl q?
fluctuationl 9{ P& AT ANE TSRS “Chl ced” and the

nunber of @g%@kﬁgnpﬁﬂ@ggﬁidgyﬁ@hane elenents housed in a single pressure
vessel can be increased, which inproves the production efficiency of

seawat er desal i nati on. EXPLANATI ONS OF LETTERS OR NUMERALS [ 0050] 10A to

10Dspi r al % er%@ ﬁe%%l.f.f%%g Ak aRRATALUs 1llraw water (seawater)

12per neat e fron per neat e mater 10 12-2 rear-side
per meat 8d Wat(er0 ] 10A to 10D spiral type seawater desalination
apparatus
11 raw water (seawater)

12 permeated water
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 osmosis membrane (RO membrane)
(desalination element)
14 permeated water pipe
15 15 pressure vessel
16 concentrated water
17 plug
20 pressure regulating valve

2%, 22 flow regulating valve
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13 (13-1 to 13-10) reverse osnosis mephrape apparatus having spiral reverse
osnosi s nenbrane (RO nenbrane) (desalination el enent) 14perneated water
pi pe 15 15piiessukespissel tifconcenttat ede wat enaliiph ugr2Opriassur e regul ati ng
val ve 21, 22flow.regulating valve CLAIMS 1.A spiral type seawater
desalinatioﬁoﬁBﬁéFégﬁs conprising: a spiral type pressure vessel in which a
plurality of 5 rgvep$es;psaPSst SpABYHE 2Ny s eN S MaVENG: SPLEAL1Teyesse
osnosi s menbranes to obtain perneated water by reducing a salt content from
raw wat €r | SCEBRABCPEHOEhP ONGAL BE per et et halteyipy papiral reverseg raw

wat er suppl yi L LN pplLi i pto,t ure
vessel ; Xgﬂggkéoﬁ%%ﬁ?%%§%d9§a§%$ g?s%%§$%$%§&I%%%¢€hr u%ﬁdgéfﬁi :
concentr at edaivat esncentefitcat eavi matde ps essunecvessehrosgidischarged to
exterior; pl ug that blocks the perneated water pipe at a 15
center of tB%rW%QE?Sewﬁggﬁs?%pﬁenbrane el enents in the pressure vessel; a

front-side perneatedyWaiesr! s0So BN0n@ I L& -Sh&€ supplies the raw water
10  dinto 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 osmosis 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 supplying the raw water and regulates

25 a supply pressure of the raw water in association with a
flow rate of the front- and rear-side permeated waters
respectively discharged from the front- and rear-side
permeated water lines;

a flow regulating valve that is mounted in the

30 concentrated water discharging line through which the
concentrated water is discharged, and regulates a discharge
flow rate of the concentrated water in association with a
flow rate of the concentrated water; and

a pressure regulating valve that 1s mounted in the

35 front-side permeated water line through which the front-
side permeated water is discharged, and regulates a flow
rate of the front-side permeated water in assoclation with

a flow rate of the rear~side permeated water.
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perneated water |ine through which front-side perneated water and rear-side
perneat ed water are discharged to 20 exterior, respectively, which are
separated fore and aft, respectively, at the perneated water pipe bl ocked
by the plug; a pressure regulating valve that is nounted in the raw
wat er supplying line supplying the raw water and regul ates 25 a supply

pressure of ;the faw wat £11 i N, assQclaidon wdh g Ffdiew e efudthe front- and
rear-side perneated waters respectively discharged fromthe front- and
rear-si de pecoeadbud viee erldimes,; Luftihew rasgin &t iy val ve that is nounted in

the 30 concentrated water discharging..l.ine i ntrat ed
water is di scharage%'?c%rhcg Jf%\@eu £ etgsmaOqs i%s¢ ezﬁrbgea%f%ig%\ﬁ rgfag%%‘]ettk%gtn%%
concentrat edoiet € im @sSoct@iti-onidd tgeanddiow natieofl itrhe acongentdiated
water; and a pressure regulating valve that is nounted in the 35 front-side

per meat d vREEFCA#E WHTOUGH MHITh & He FH Gt -STHE ‘o FITEdt el et erq s
di schar ged ¢ A LAQUL LGS G QWL ALE O LG H nair Shda dareated water in

association wt e of the rear-side perneated water. 2. The
spi ral type3seavdterspiesal i natd e appaatdess adcdewridiony amwagladiva 1, furt her

conprising: a second reverse aosnosi S nenbrane apparat us .that .is. nount ed
in the front€s? rb%r%a“%edd“\hﬁ’erw%ef]hee”hncd) rbcretggtfc%gcseots e e at e d Witkr
through a reyves seOSsdmshss i ane dsidd 4 herfonte sigges parneated wat er

wi th high pressure. 3. The spiral type seawater desalination apparatus

accor dilhg teelehmied 0 Ve eial coieEntTHRRY Wet érl bt ai ned from the second
et ng- TToe, SEHEISTAE A0 AR A M Tonpel o
accordi ng tacebadind,td urltdies confritsieng:comprising:

an energy recovery apparatus that is mounted in the
front-side permeated water line and recovers energy of the

15 front-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 recovery apparatus.

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

a pressure conversion 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
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an energy recovery apparatus that is nounted in the front-side perneated
water |ine and recovers energy of the 15 front-side perneated water with

hi gh pressure, wherein the pressure regulating valve that is nmounted in the
front-side perneated water line is replaced wwth a flow regul ati ng val ve.

5. The spiral type seawater desalination apparatus 20 according to claimd4,
wherein a t%@cgfd@’ vial Vel d s, it gnpossed, between 1he, fd-awd ggul ating val ve
that is nounted I n %he front-side perneated water I'ine and the energy
recovery apparatpssed betwdkn The spiawlragpe sieanataarveddsadt dt i on

apparatus 25 according.to claim 1, further .conpri.sing:. r e

cglr[])ver si on r?a%‘ﬁbtrea% Tk 'gﬂ}ﬁ ﬁ%%”rstlsdep S ee({r?(;"?agi’ye ro% Jtrﬁh’e %Tlﬁ?)ﬁ#{esi de

per meat ed Vet &L sih il dH-BSSINEh engi-gyatafs the rear-side perneated water; and
a second reverse osnosis nenbrane apparatus that 30 produces perneated

wat er through a reverse osnosi s nenbrane using the rear-side perneated

wat er whose pressure is increased. 7. The spiral type seawater desalination
apparatus according to claim6, wherein a three-way valve is interposed
between the flow regulating valve that is nounted in the front-side
permeated water |ine and the pressure conversion apparatus.
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