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SPECI FI CATI ON APPARATUS FOR PROCESSI NG FLU D AND METHOD FOR PRODUCI NG
SEPARATED FLUI D Technical Field 5 The present invention relates
to an apparatus for processing fluid and a nethod for producing a.
separated fluid. Background Art Conventionally, a fluid processing

“appar at us fogpgﬂﬁ@ﬁger desalination, etc. has been constr gebgpbehiésy that as

shown in 10 , a plurality of unitary nodul es 10 each conprising a
cylindrical vessel 1 incorporating therein a plurality of separating

el ements 2 each conprised of a pieggr@fric@%¥eh§E OSNDSi s menbrane (perneabl e
menbrane). The separating elenent 2 1s forned by spirally wnding a piece
of perneabl e nenbrane 15 aAPPARATUSC®ORr BROGEYSINGIFLUIDUgh a spacer. Thus,
when seawater is supplied under pressure froma supply pipe 12 into the

uni jary nodul e 10, thaNScMEPHED FOR GROBUCHNG (SDPARBIED NELtREpar ati ng el enent
2 in each stage and the | ow pressure fresh water after desalination is

di scharged from a di scharge pi pe Ié&hrbrpalgRiehd 20 central pipe 11 while
hi gh- pressure concentrated water is discharged froma di scharge pi pe 14.

That is,5the cylintiré cairesentel invendiiohdeteliaties athi gin preawabus sfate
wher e hi gh-pressure seawater and concentrated water are present and a
| ow pr essuRFOSEASENGHENE Y ] BvRPFhas fog Prodieiaw RafEParated Sdadd,

t hrough t he perneabl e nmenbrane of eagh I

Conventionally, a fluid processing apparatus for seawater

desalination, etc. has been constructed such that as shown in

10 Fig. 7, a plurality of unitary modules 10 each comp;i§ing a

cylin&rical -vessel 1 incorporating thgrein a plurality of

separating elements 2 each comprised of a piece of reverse

osmosis membrane (permeable membrane). The separating element

2 is formed by spirally winding a piece of permeable membrane

15 around a central pipe 11 through a spacer. Thus, when seawater

is supplied under pressure from a supply pipe 12 into the unitary

moéule 10, the seawater is desalted through the separating

element 2 in each stagg and the ;ow—pressure fresh water after

.desalination is discharged from a diécharge pipe 13 through the

20 central pipe 11 while high—pressﬁre concentrated water is
discharged from a discharge pipe 14.

That is, the cylindricai vessel is divided into a high-

pressure space where high-pressure seawater and concentrated

water are present and a low-pressure space where the low-pressure

25 fresh water is present, through-the'permeable membrane of each
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separating elements 2. However, the conventional fluid processing apparatus
has generally been constructed such that as shown in Fig. 8 a plurality of
unitary nodul es 10 are fixedl.y:arranged horizontally.5 on frames 20 and

supply pipes 12 and di scharge pipes 13, 14 which respecti vel from
bot h side end§w9PmFHg'unitary nodul es 10 are col |l ected intolénﬁ%%ﬁgo d 22

and mani folds 23, 24. * However, there has arisen the problemthat

since the installation of the frames 20 and the piping operation for 10
connecting t18F A FEPRCALING #4eBERES L9t the working site are extremely

conplicated, the cosf &ﬁq}sl% H -gg?__fc% vteggg?e,haqp%flﬁ%igO%Socbeescs% eﬁB{:%ngué %%n;[ he

cost of the apparatusS™i u er, er e SO ari e proble

that if the rgpidAahd %?eez@%&l&‘%rl%té&esﬁ&ha%ﬁ@ @ bdmends pigihe, a

unitary nodul’es 10, the 15 manifolds are required to be dismantled or

assenbl ed eveylurhl ity W anetsry Godulles separat Eiedllve pRpiiged horpesntadilgal |y
exchanged resulting 1 n naki ng the naintenance operation extrenely

i nefficiens . ddfeanes 20Mandessglay pipes fI2uinddi ¢igumadyeepigns 18¢ hdbotech?20
descri bed processing apparatus, it has been usual that since high-pressure
seawat er or cmspectiwebyl ewtend fiiromsbbhhoside téralsmmfi frbledsn2asydu@tihl eshe
pressure | oss of these manifol ds becones significant causing the | oad of

the rel ated pgi¥mprer cohbettad ingopa manifeldeadyand amnidpldst B9, 24e

availability factor of the 25 apparatus as a whole is |ow and as a result,
t he nmet hod of 2 However, there has arisen the problem that since the

installation of the frames 20 and the piping operation for

10 connecting the manifolds 22, 23 and 24 at the working site:are

extremely complicated, the ;ost required for these operations

becomes higher than the cost of the apparatus itself. .Furtﬁer,

there has also arisen the problem that if the manifolds 22, 23

and 24 are attached to both ends of the unitary modules 10, the

15 manifolds are required to be dismantled or assembled every time

when each of tﬁe sepafating elements 2 is periodically exchanged

resulting in making the maintenance operation extremely
inefficient.

Morecover, whereé separated fluid'is produqed by_the above-~

20 described processing apparatus, it has been usual that since

high~-pressure seawater or concentrated water flows through the

manifolds 22 and 24, the pressure loss of these manifolds becomes

significant causing the load of the related pump or the like to

be quite heavy. Consequently, the availability factor of the

25 apparatus as a whole is low and as a result, the method of



WO 97/ 00120 PCT/JP961607 producing the separated fluid by using such
apparatus has had a |low |l evel of productivity. Disclosure of the Invention *
An object of the present invention is to provide an 5 inexpensive
apparatus for processing fluid together with its unitary nodul e and a
cylindrical vessel form ng such unitary nodul e by el imnating t he
above- descri ~mata@PNVent i onal di sadvant ages and i nprovin , ) ness of
assenbly of the g%paratus._lo Anot her obj ect of ?ﬁ?ng%§§@%t
invention is to provide an apparatus for processing fluid which does not

e her onPeoROEEhY RIS LeBlLE ) W 0BG Eing" dulle! LEOMILA %alofith Sy ST

anot her he pre I nvention 1S I an | nexpensi ve

separ at ed filoyi HePEPBEIHIYaEE PPt ANd a 15 fluid processi ng net hod by using
the above-described apparatus for processing fluid. One node of the

cylindrical vessel of theppseraiird B¥ethé Olhdentaogy! i ndrical vesse
having a . plurality of flow ports on-the.outer peripheral surface thereof at
positions near 20 Zacbbipeck 0b6f sahe peeseht ireqeriionyelsy,tangrowicieceian at

| east two of said flow ports near one side -of said vessel are so provided
as to substiasepghsiveorpparaive for peiceissangt §lubd togethempawith tiks eof
near the other end of said vessel in the circunferential direction. 25

Anot her nodBispry heogdyle nerd cal cybirdyicyl typssgleforming sSuch unitary

module by eliminating the above-described -conventional
disadvantages and'improving the easiness of assembly of the
apparatus. | |
10 Another object of the present inveht%on'is to provide aﬁ
apparatus for processing fluid which does not require' any
complicated manifolds, together with its unitary modula.
Still'anothef'object of the present invention is to
providé an inexpensive separated fluid producing method and a
15° fluid processing method by using the above-described apparatus
for processing fluid. | - |
One mode of the.'cylindrical vessel of the preéent
invention is a cylindrical vessel having a plurality of flow
porfs on the outer pefipherai surface thereof at positions near
20 each end of said vessei, respectively, and wherein at 1east two
of said flow ports near one side of said vessel are so provided
as to substantially corréspond, in position, to the counterparts
thereof near the other end of said vessel in the circumferential
direction. |

25 Another mode of the cylindrical vessel of the present
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is a cylindrical vessel having a plurality of flow ports on the outer
peri pheral surface thereof at positions near each end of said vessel,
respectively, and wherein each of said flow port near one end of said

vessel substantially corresponds, 5 in position, t6 the cou |

t her eof near tmm“\ﬁl@r end of said vessel in the circunf ereﬁ%ﬁ@éction.
One node of the unitary nodul e of an apparatus for processing fluid of the
present invention is an unitar dule of a aratus f.or proces

fluid, whichlBSRPELAR t"_'ﬁefa_eicﬂlé/tn Elfﬁ]ur‘é?sﬁ";} 3?£’§&§aﬁat3%agﬂ'g¥eﬁ%s %388
which is provided with a plurality.of fl S,..on..t u . ' I
surface near P8_5§ﬁ %Ihatrl?%é’g‘ggf?r’%__ﬁgp&ee(ﬁilv%ﬁﬁg%letpr?g:&g of Qtégélé%%;ﬂrsgt% %_é?f or
processing Thlbfl gha ' fUiSGRLsLIY SldAl LT 2D, ARRALALYELA LY Y1334 A0
fluid conprising a plaralrty of cyfindrical” vessel's having a flow port

on the outer ¢pgliRnar &'ea:? JeCRdl BE' £0fa FesROE! Jltanteal 1 o RboaRd,

containing therein a urality of separating el enents arranged

substanti & | Y¥nPabaktebn} Oc®NEhANVunterPhitls cfdroft Bahd €héidthHdrC@nd of
vessels, so that said cylindrical vessels are 20 assenbled in such a way

that fl ow posasdotesskbiini nhevesseitfearentiali diréatioand connected to, each
ot her. Anot her node of the apparatus for processing fluid of the present
i nvention is an appdire usoder ofr dhes siridgafriyuinbdidepré i ay @ppeuativét fouf
cylindrical vessels each containing a plurality 25 of separating el ements
therein and PAeragsing| fheld ©f ghef psesgnt invention is an unitary module

of an apparatus for processing fluid, which containé therein a
10 plurality of separating elements and which is provided with a
plurality of flow ports on the outer peripheral surface near each
end thereof, respectively. .
One mode of the apparatus for processing fluid of the
present invention is an apparatus for prpcessing fluid comprising
15 a plurality of cylindrical vessels having a flow port on the
outer peripheral surface thereof at positions near each end and
containing therein a plurality of separating elements arranged
substantially parallel to one another with each of said
cylindrical vessels, so that said cylindrical vessels are
20 assembled in such a way that flow ports of adjoining vessels are
facing to, and connected to, each other.
Another mode of the apparatus for processing fluid of the
present invention is an apparatus for processing fluid comprising
a plurality of cylindrical vessels each containing a plurality

© 25 of separating elements therein and having a plurality of flow
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formed on the outer peripheral surface thereof at positions near each end
of said vessel, wherein said cylindrical vessels are arranged substantially
parallel to one another with said flow ports of one of the vessels facing
to those of the other and 5 wherein fluid transport pipes intersecting said’

cylindrical ye are provi ded between said cylindrical,, ' so as to
J gi n wth t"%&?’?"?’lﬂ/ portg near both ends of each of said W@J} cal
vessel s, respectively, and said flow ports and said fluid transport pipes
are connecfed on face-to-<face basis w.,th 10 .ong-another._. The flow of fluid
0 bo_pr ochERke TobREd oy ehB (S pecibictal afhfa SheFios AL eprfiheec

I [ h : | went han i - NSy s iddS
suppl 1 od | ESE coger o B el LREATheddUETubdBph g Btd SNy O oddeda S,

near one egfh Qrrbifed WibREahEAl11¥CpE£411310:8 B tanBEndSithubalid Ss1vwPp! i ed,
at a position near that one end, into the first flow port of another

cylindri caporesset emneetenk tveddedsseaentyf townosd of optidlastHedr apganpl e
at ,a position symetrical w.th the first flow port of the first- 20

ment i onéd wiyérendr | fabid eszehsporth piseeclintersdrtiamg ssaifd t belimisielal At

| east a part of the remaining part of the fluid is discharged fromthe
third fl owesselsprere vadvided rhetoelenr sahd oflindricpli messekd acesseltoafter
flowi ng through the interior of the cylindrical vessel. In this case, since
the fourt BPidwYdsht the 2510W oPPIES Mear (helh oPREF &fd efch hefvaadd

eSpeCIallyéfgindrical vessels,'reépectivély).and said flow porfs and said

fluid transport pipes are connected on face-to-face basis with
10 one another; | .
The flow of fluid to be processed by the fluid proééssing'
apparatus using the cylindrical vesséls'accbrdihg to the present
invention is as follows: |
The fluid is supplied into one of thezéylindfical'vessel
15 from the first flow port near one end of the cylindrical vessel
and a part of the fluid is suppliéd, at a position near that one
end, into the first flow port of another cylindrical vessel
connected to the second flow port providéd for example at a
position symmétrical'with the firéf flow poft of the first-
20 mentioned cylindrical vessel with respect to the axis of the
vessel. At least a part of fhe remaining part of the fluid is
discharged from the third flow port provided at the other end of
'the'cylindrical'véssel'gfter flowing through the interior of the
cylindrical vessel. In this case, since the fourth flow port is

25 provided near that other end of the vessel especially at
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substantially the same position as the second flow port in the .
circunferential direction, if a simlar flow port is provided at the other
end of that another cylindrical vessel, these two flow ports can be
connected so that.the fluid is received fromthe 5. connect e%{’%&gts and
di schar ged fr,dﬂ?mlﬂ'bove-rrentioned third flow port. By the way,” It 1s also
possible to allowthe fluid to flowinto the vessel fromthe third flow

port and to be.discharged fromthe fourth flo ort. u fi t

91 i ndr | cal JESEABLARETY GITriAT8 FOSLTIR 3 oipacehd: Thed ekt il dhe.
(one end) and.. lt: \ 1 OF & orf{s’ ot ifﬁ{;fr Sk r
end) so that q;tl %g&n#%nﬁ&&% i%leééf#\g\?vﬂbo{rfsaatgl}gé? 3ﬂt I a ?Er Erlg(sa%éél edl'ér? 4
position 10 thE BHRENAGCoE) ftat! HAMRE! (Y1 1nARPELT | Heldky, | BnbEE two flow
circunferentia Irection. Consequently, ."a plurality of the cylindrical
vessel s 15 CaprPke annget ednhocHEle SNHA the thailniboreséiiagd ait@nl e

di schar ge- si des. O the plurality of «cylindrical vessels connected
in the abave craneetededlbwofpolrihesankdocHisedaaged héxrdot hhendboey-rentpromeidded
with at least two flow ports at position at which it is connected with the
adj oi ni ng vedddirdaddow| porin t IBya th@ walr dit| bsv plra pwssibpeste i dilan fiher ent
fromthe above-nentioned two flow ports so that the fluid may be supplied

or di schar gedflupdr &9 rigiew ako dhwavassal Bompthecthind) floyi gosk ankd & dent

i nvention conprises a_plurality of cylindrical vessels each
r3.?lscharged pfrom theyfourtg flow port.

Thus, each of the cylindrical vessels has a plurality of

10 flow ports at its iﬁflow—side (one end) and a plurality of flow

ports at its discharge-side (the other end) so that the inflow-

side flow ports substantially correspond in position to the

diséharge-side flow ports, fespectively, in the circumferential

d;rection. Consequently, a plurality of the cylindrical vessels

15° can be connected to one another at the inflow-sides and the

discharge—sides. of the. plqrality of_ cylindrical vessels

connected in the above manner, each of those located at the both

end may be provided with at_least two flow ports at position at

which it is connected with the adjoining vessel and also with a

20 third flow port at a position different from the above-mentioned

two flow ports so that the fluid may be supplied or discharged
therefrom.

The apparatus for processing fluid of the present

;nvéntioﬁ éomprises_ a plurality of cylindrical vessels each

25 provided with flow ports on thg outer peripheral surfaces near



25 provided with flow ports on the outer peripheral surfaces near 6 WO
97/ 00120 PCT/ JP96/ 01607 both ends
thereof, respectively, and having a plurality of separating el enments

di sposed therein and is constructed such that the cylindrical vessels are
arranged substantially parallel to one another with the flow ports of each

adj oi ni ng vegseguiferci Ng 5 to and connected to each ot herpeprEREERAUEN | Y,
no manifold 1s required for connecting the flow ports and as a result, it

IS possible to dispense with the connecting operation by manifolds.

Further, ghefe dHysTBidAE,! %e%rb@éit%ﬁ}ﬁ'go%{a& %%S’inéﬁ(r% ;I(S;)jéﬁ_o rigtggeaf !

each vessel, it 1s possible to Open t tom end

portion of sé?@réﬁ%‘qeéléxﬁérﬁtssliﬂ@é&_éaﬁﬁ_ﬂ@feﬁi ahfeis tdoMmBtohct&Plsacg Bt of the
separating el enents thereby facilitating the periodical replacement of
the  separ ahengykimdminiad @kskbks apparadinathged bibstetialivnperilrel to
cylindrical vessels are piled one above another, the use of frames which
has 15 conesetarothelrywiidetheeflow eortsrohleacihngdfbining ivedsietal faeiarel s
thereon is no nore necessary. and so the frane fabricating operation can be
el i m natdedtoOaadnsaanested damaashd otber pr oborseqneanddyy anedméhifaldbfist he
preséent invention is a nethod for producing separated fluid 20 conprising

the steps BRIUITSH|IANMFIMECHIRG Bhe pheRoadsi ang pRe2appertitudit ds

i Rtk R R R v AN MRS
separated fpifler, since no manifold is provided at the end (bottom
surface) of each véssel, it is possible to open the bottom
10 surface of the end portion of the vessel in a simple manner -at
" the time of replacement of the -separating elements th'el_f-'épy'
facilitating the periodical repiacement of .the Sepafating
elements of the apparatus. Further, since fhe cylindrical
vassels are piled one above another, the uée of frames which has
15 conventionally been required'for placing the cylindrical vessels
‘thereon is no more necessary and so0 the fi:ame .f.a-br'it.:ating
operation can be eliminated.
" One mode of the method for produciné separated fluid of
the present invention is a methdd for producihg separatéd fluid.
20 comprising the steps of: supplying fluid to be proéessed into the
‘apparatus for processing fluid described above; and reducing the
amount of a component mixed or dissolved in said fluid.
Another mode of the method for producing sépérated fluid
of the present invention is a method for producing separated

25 fluid comprising the steps of: supplying fluid to be procéssed



of the present invention is a nethod for producing separated 25 fluid
conprising the steps of: supplying fluid to be processed WO 97/ 00120
PCT/ JP96/ 01607 into.the apparatus for processing fluid described above; and
enriching a conponent m xed or dissolved in said fluid. The nethod for
produci ng separated fluid of the present invention“i's capab 1k M zi ng
the reduction "¢ ,Eﬁ?uctivity 5 due to the lowering of the g’%ﬁgg@ﬁ%ty
factor following the pressure |oss arising fromthe use of nmanifolds or

repl acenent of .the,separati elenents, by. usi an T S .
processi ng fFMiFQ 8%p??§?ﬁ§g§§p%ﬁfapf?$e%)lﬁﬂﬂ%%%%? rodu égggoﬁ%ggféd

t oget her thrgugffg{,hgqvﬁo%reo&nganéﬂt mixed or 8ibbb1AMPUNCLATRIEL Ol NE

cylindrical veéss resent 1Tnvenfion Is .a cy rical vessel having

a perneabl e menbraneryll We@hBd EHE prURIdiAY SbpSAittd/ 838¢h bPlhé present |
| ow pressure side space and a high-pressure side space, a | ow préssure side

fl ow port confgeterbr @sSaasklIRWol! BESIMIC i5H0EhE PR AEnao £ Spiddiictifvt ¥ yOf

hi gh-pressure flow ports formed on the outer peripheral surface of said
vessel at Hoguki ds tearldeiringnds tiher avbilabshity | fadtor aful loeingcthd t o
sai d high-pressure side space, at |east two of said flow ports near one end
of said vesspresabst ahvssldnisiogr €sponthe iusgad tmandfolds tdre wepiacemeatt 20
t hereof near the other end of said vessel in the circunferential direction.
Still anot hepfnbeR ssparpbing fderentsi qy pedugsah mprAracysofor IRrquessdng

I nvention is _an, apparatus for procesSing flud
fluid comprising a plurality of unitary modules connected

and

together through flow ports.
i0 Still another mode of the cylindrical vessel of.the
present invention is a cylindrical wvessel having a pefmeable'
membrane dividing the interior of said vessel into a low-pressure
side space_and.a high-ﬁressure side space, a low-pressure side
flow port connected._to said low—prgssure side space and a
15 plurality of high-pressure flow ports _formed on the outer
peiipheral.surface of said vessel at positions near bpth ends
thereof, respectively, and coﬁnected to said bigh—pressure side
space, at least two of said flow ports near one end of said
ﬁessel substantially correspond, in position, to the counterpart
20 thereof near the other end of said vesse; in the circumferential
direction.
Still another mode.of the apparatus for processing fluid
of the present ihveﬁtion_is_an apparatus for processing f£luid
proviged with a piurality of the cylindrical vessels described

25 above which are connected tbgether such that the high-pressure



provided with a plurality of the cylindrical vessels described 25 above
which are connected together such that the high-pressure 8 WO 97/ 00120
PCT/ JP96/ 01607 side spaces of said vessels join together through

t he correspondi ng hi gh-pressure side flow ports near both ends thereof.
Still another node of the nmethod for producing separated 5 fluid is a

nmet hod for LDg separated fluid conprising the steps 'g@@“ yi ng
fluid to be 5@3@@%§gd into the apparatus for processing fTEﬁ eggiibed
above fromthe high-pressure side flow port of the cylindrical vessel and

col | ecting arated fl yj ra sai d_per] e _ne t ugh
said | ow psr%&;gur%%l‘%s si%ég %%g?v p%rggs%_i Iajoqggot ggrgm?r%ﬂe _%@%% n&?’%od for
produci ng. senAdHoRdihl Uil di-pkBEsREES Slbe | BN! IikdsS Aedt BOfh | Qhhas
produci ng separated fluid conprising the steps of: supplying fluid to be
processed thdredfle apparatus for processing fluid described above 15

t hrough the high-pressure side flow port on one end of the cylindrical
vessel , separatingtilpanpthér swidd bEutik methaddfqe predokéngesdpandednd
coldecting a part of said fluid remained in the high-pressure side space
from sabd Fiwid pgrse s meshed déo¥ | peduoring oaepdues tedh gl uad dcoripisisisge hendr i cal
vessel . 20 One node of the fluid processing nethod of the present

i nventi on $teP8 PEHi IRPydng st dnbe Herl ProcaRgsed dpivatheusrparatwsodessi ng
fluid Corrpgrioscieggigg pJl..'l.uur:i.gl idégcr%.tbegn;lggx;ey 'fggrgu utl,heeS h?.&gbpressure side flow
| port of the cylindrical wvessel and collectihg_sepérated fluid
separated by said permeable membrane throﬁgh said'low—pressure

10 side flow port.

Still another mode of thé method for producing sepaxéﬁed'
fluid of the present invention is a method for producing
separated fluid comprising the steps of: supplying £luid to be
processed into the apparatus.for processing fluid described above

15 through the high—pressure side flow port on one end of thé.
cylindrical vessel, separating a ﬁart of said.fluid by said
permeable membrane and cbllecting a part of said fluid remained
in the high-pressure side space from said high-pressure side flow
port on the other end of said é&lindficai vessel.

20 ' One mode of the fluid processing method of the present
invention is a fluid processing method using an apparafus for
processing fluid comprising a plurality bf unitary ﬁodules each
'in the form of a cylindrical vessel provided with fluid
processing means therein, and a first and a second'flow'port on

25 the outer peripheral surface thereof at a positioh near one end



in the form of a :cylindrical vessel provided with fluid processing
neans therein, and a first and a second flow port on 25 the outer

peri pheral surface thereof at a position near one end 9 WO 97/ 00120

PCT/ JP96/ 01607 of said vessel and also provided with.a third and .a fourth
ffow port on the outer peripheral surface thereof at a posi the
other end of ¥P8MPAWsec| so as to substantially correspond, EFﬁBE%§§@7

said first-and second flow ports, respectively, 5in the C|rcunferent|al
direction, said nethod c r|S|n t he ste s of ing.fluid !
‘processed i nP§ %ﬁ;edo‘fe? E I?‘h%‘? iPEQVide s‘ei'ttfk?rg:g‘dﬁ 359‘31 3 ivSr ?’1 %\%o'ﬁort
thereby allow n rt of sald fluid.to flow int e_fl I t her
cylindrical 98§ge?nt S Qo8 P e RS FFrSF {he &%gcﬁgrgﬁéégiei° Onﬁggst a
part of the LRgBLOM0 B beokaddivhddel dof gg%@m@%»cgp {8y [dptenBbhaof

said cylindri vesse processing i proce55| g neans

within said !ﬁsés%igﬁ}g ¢Rushig ﬁiﬂ-‘,td ah@ Q@c&i@cﬁ%‘iﬁﬁo§ﬁﬁp|i‘é‘éi:éd’!:&@ei?} d

cylindrical ves ugh said fourth flow port fromthe flow port o

anot her 1% cyhi rfd c@lroi@eebnt Dabeddi sediamgedsdild erdihodaidbmpltisiing | eneport
via the interior of said cylindrical vessel to thereby obtain a processed
fluid. Anothetepedefmf dupplivingd fluddesi rige metdeebsedd tiveeepramsendfi saédtion
is a fluid processing nethod using an apparatus’ 20 for processing fluid
conpri si ng acplimdtical wessal throughdaidsfdnsh fiow Pertothersby adyliowangi cal

vessel provided with fluid
a part of said fluid to flow into the flow port of another

cylindrical vessel through said second flow port; discharging at

10 least a part of the remaining part of said.fluid through.said
third flow port of said cylindrical vessel after processi‘nc‘j it )

by said fluid. processing means within saj.d vessel; and causing

fluid to be processed supplied into said cy],.indrical vessel

fhnough said fourth flow port from the flow port of another

15 .cylindrical vessel to be discharged through said third flow port

via the interior of said cylindrical vesseZ_L to _thereby obtain a

processed fluid. |

Anether mode of the fluid processing method of the

preéen_t invention is a fluid proeessing method using an apparatus

20 for processing fluid comprising a plurality of unitary modules

each in the form of a cylindrical vessel provided with fluid

_ processing means therein, and a first and a second flow port on

the outer peripheral surface thereof at a position near one end

of said vessel and also provided with a third and a fourth flow

25 port on the outer peripheral surface thereof at a position near

10



processing nmeans therein, and a first and a second flow port on the outer
peri pheral surface thereof at a position near one end of said vessel and
al so provided with a third and a fourth flow 25 port on the outer

peri pheral surface thereof at a position near 10 WO 97/ 00120

PCT/ JP96/ 01607 the other end of said vessel so as to substantially

correspond, 4 peaTo) otion, to said first and second flow p ; ctively,
in the cich# erenoial direction, said nethod conprisingh?ﬁﬂmgﬁggg of :
supplying fluid to be processed into one of said 5 cylindrical vessel

through salflef bend: [LAoBORRLA A 3bl UV 00 RBREhe BRI thhéhd 0 1! ow

into the flow port of anot rical vess rough “sai ond fl ow

port; di SC&ﬁrgbaﬂtﬁnJ €85kadd PRI dstObinkN e ESHRIFAIORIpOALS, qfes?@'béﬂréw,d _
t hrough said fourth flow port of said cylindrical vessel affer processing

it 10 by sahd HHeli ¢hpfimgEesehfh ITe@feMibii, N s23Ud mMeCRE8! compeiSiaiesi #1 1 ui d
to be processed supplied into said cylindrical vessel through said third
flow port Brepst het:f | miprlgingofflandt her ey |prudreissetl dasselonieo dfe shixthar ged
t hroough said fourth flow port via the interior .of said cylindrical vessel

t o t her dby cybindnicallveyseic tbrewpls (saiid. £8rsY [flanwopber thetebyf alhewing
cylindrical vessel of the present invention is a cylindrical vessel

provi ded wht Pt R SRHnEl Bt i FPY | BiFporhes BiPW eeTut e pRe e al
ourface NeLfRlasich Lheleisabtolul Sl LEY (nbe BESH! S0cAL 81 Rp% 1 00 20
least a pért of the remaining part of'ssid fluid through said
fourth flow port of said cylindrical vessel after processing it
10 by said fluid processing means within said vessel; andﬁc;dsing
fluid to be procéssed supplied into'said cylindriéai vs5sel
through said third flow port from the flow port of another
cylindrical vessel to be discharged through said fdurth fiow port
via the interior of said cylindrical vessel to thereby obfain a
15 processed fluid. |
'Still another mode of the cyiindricallﬁéssel‘df'the
present invention is a cylindrical vessel provided with first,
 second and third flow ports on the outer peripheral surface
-tﬁereof such that said first flow port is provided at a position
20 near one end of said cylindrical vessel,'said second flow port
is provided at a position near the other end of said éylindrical
vessel so as to correspond, in position, to said first flow port
in the circumferential direction and said third flow port is
provided at a position not corresponding to said first and second

25 flow ports in the circumferential direction of said vessel.



is provided at a position near the other end of said cylindrical vessel so
as to correspond, in position, to said first flow port in the
circunferential direction and said third flow port is provided at a
position not corresponding to said first and second 25 flow ports in the
ciircunferential direction of said vessel. 11 V\D97/00120P /JP96/01607
PCT/JP96/0160ﬂNQPW@Fﬂbescription of the Drawings Fig. 1 is a Hgﬁp Vi ew of
an apparatus for processing fluid according to one enbodi ment of the

present invention. Figs. 2(A) and 2(B) are side views, of the apparatus for
5 processing fluid shown iépﬁ%m%nm n -t g different nodes
of the apparatus, rgspectively. Fi 3.1s a_front view of .an apparatus_ for
processing fluid acgbgdi%gl?oxaﬁﬁ?ﬁgrvﬁﬁﬂxﬁﬁFﬁﬂnaQﬁaﬁﬁﬁgsngge ?gfﬁﬁéﬁf on.
Shoan i1 Fi diuid gkeBbEisy R r8 SaBbalnG R ERE Brodioe ABESSR. 10 |
respectively. Fig. pigs & {a)onh Y'z?ﬁ’% Oo’fét AP alYSo£ Ot-fheora%ﬁa?ﬁii{gﬁ fdpi d

according to strll anodther enbodi nmen e present | nvention.

Fig. 6 issadigidissingWw pfuidh @BBRhatits G, procesniengvidwt d iagastdating O
further another enbodi nent of the present invention; Fig. 7 is a schematic

external vi edififer@ntinnbdéey o diblec abparabits Widdspaceongrys i onal fluid
processi ng appar at us.
: Fig. 3 is a front view of an apparatus for processing
_fluid according to another embodiment of the present inven;ion.
Figs. 4(A) and 4(B) are side views of the apparatus for
10 procéssing fluid shown in Fig. 3, the views illustxating
‘ different modés of the apparatus, respectively.

Fig. 5 is a front view of an apparatus_for procéssing
fluid according to still another embodiment of the present
invention. . | .

15 Fig? 6 is a front view of an apparatus for processing
fluid accordyng fo further . another embodiment of the present
. inventioﬁ} _ .

Fig. 7 is a schematic external view of a unitary module
for use with.a conventional fluid processing apparatus. .

20 Fig. 8 is a schematic front ﬁiew of a conventional fluid
processing apparatus. |

Fig. 9 is a schgmétic perspective view of an apparatus
for processing fluid according to a still further embodiment of

the ‘present invention.

25 Fig. 10(A) is a side view of one end of each of unitary

12



20 Fig. 8 is a schematic front view of a conventional fluid
processi ng apparatus. Fig. 9 is a schematic perspective view of an
apparatus for processing fluid according to a still further enbodi ment of
t he present invention. 25 Fig. 10(A) is a side view of one end of
each of unitary 12 WO 97/ 00120 _

PCT/ JP96/ 01Q0): | es of the apparatus shown in Fig. 9 i ( 0o(B) is a
front vieW/ggg?ﬁ@ﬂ@ane. Note that the synbols in the dra@?ﬁ@@hﬂggﬁesent t he
follow ng: 5 1: Cylindrical vessel, 2: Separating el ement 10:

Uni tary nodul.e ~ o 15: . |d trans e, l5a: 0s,

connect i ngmﬁfiﬂéeiSBf ERE N33~ Vﬂglﬁl gég § gﬁg HY Jpé)ﬁ) JI%

40: Base v 41 Belt 42:0- rlng 46: Supply pi pe

47: [)schaFﬁ%n%f%%“ﬁgf EPats?Taﬂge Best Mbde for Carrying out the Invention

15, Fi 9S. nbt3NCeieatS e AByRRPA AAIStROT dPERLERS| Apdddiind agor di ng

t o one enbodi ment of the present Tnvention. This apparatus for processing
fluid conpebsBswingel urality of unitary modul es 10-1, 10-2 and 10-3 which
arg |l aid one above

5 1: Cylindrical vessel, 2: Separatlng element

10: Unitarj module 15: quuld transport pipe -
15a: {(Cross) connecting pipe
15b: (Linear) connecting pipe

32, 34: Flow ports

10 -  40: Base - 41: Belt
42:0-ring |

46: Supply pipe 47: Discharge pipe
48: Flat flange |
Best Mode f . . the I £
15 "~ Figs. 1 and 2 show an apparatus for.processing fluiad
according to one embodiment of the present invention.
This apparatus for processing fluid comprises a biu:ality
-of unitary modules 10-1, 10-2 and 10-3 which are laid one abo&e
another in'subStantially'perallei relationships with one another
20 with both ends thereof to joiﬁ together. Each of the unitary
modules 10 is in the form of a cylindrical vessel 1 and has both
end .portions thereof made larger in diameter than the
intermediate portion as a main body portion thereof. Further,
inside the unitary module, there are disposed a plurality of

25 separating elements 2 arranged in series with one another.
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another in substantially parallel relationships with one another 20 wth
both ends thereof to join together. Each of the unitary nodules 10 is in
the formof a cylindrical vessel 1 and has both end portions thereof nade
| arger in dianeter than the internediate portion as a main body portion

t hereof. Further, inside therunitary nodule, there:are di sp?%@&,%@#ral ity .
of 25 separ at WMQP7@RPents 2 arranged in series with one anot . WO

97/ 00120 PCT/ JP96/ 01607 WD 97100120

PCT/ JP96/ 01607 On the outer peripheral surfaces of the | arger-dianeter both
end portionéntihe euses PeRARNGEal asiacest ofcthe CLANIPLoPHRRE RF ABR §8F s
32-11, 32-12 -and a pair of flom/gortg 34-11, 34-12,,ref ectivel¥ﬁ qﬁégosed
synmet ri cal PYTEIORE hehetes @5rn8FeVifAed 52 e P o fVerkdcp PHITAYS ., as

h i th h ti,g, t i d at ti [ 1 i
o onsy BaPER B id, TN g 8P RGP v ELby Bprte ORI g2
i ti i . t i | h d . As
Phe copar g PebBesCLrd ) | dfsiled RRdiaian b 1Bt A [ LESEIWRLEL RS
known ong NBymbigr YT ¥naNeLdié Yalrk ¥, 1d trwos B8r SRS YirS BheakbNemb il NEhdy

per neabl e nmenbrane around a Central pipe with a spacer between successive

turns of thgraeabspesed Brevektichily opposihlapysifibises wOth, rdépettand 10- 3
t hus constructed are arranged horizontally one above another in 15 sequence

t hr ough spathesaxis afdtbearessglneobes o 3dightbwprajecitiag outsides fivomsuch .
a manner that both ends of the | owest unitary .
the outer peripheral thus constructed surfaces.
As the separating element 2 to be disposed in the
10 cylindricai vessel'l, a known_one may be used and usually, it is
formed by spirelly winding a permeable membrane around a centfal
pipe with a spacer between successive turns of the membrane.
The plurality oﬁ.unitary modules 10-1, 10-2 and 10-3 thus
constructed a;e arranged horizontally one above another in
15 sequence througﬁ spacers 44 and seeling_members (not shown) such
as O-rings in such a manner that both ends.of the lowest unitary
module (10-1) are laid on a base plate Ao_and_the flow ports of
the adjoining vessels on _both ends thereof are connected
together, respectively. Further( belts 41 are passed around both
20 ends_of the piled unitary modules, respectively, while the ends
are held engagement with flanges 45, 45 projecting from the side
surfaces of the base plate 40 and integrally fastened to the
flanges with bolts and nuts.
Where the plurality of unitary modules 10 are piled and

25 fastened with the belts 41, they may be fastened every single row
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nodul e (10-1) are laid on a base plate 40 and the flow ports of the
adj oi ni ng vessels on both ends thereof are connected together, :
respectively. Further, belts 41 are passed around both 20 ends of the piled
uni tary nodules, respectively, while the ends are held engagenent with

fl anges 45, 45 projecting fromthe side surfaces of the base plate 40 and

I ntegrall 1St.en to the flanges with bolts and nuts. I plurality
of ugitarz &@%ﬁﬁ@@glo are piledgand 25 fastened with theq%§W?%h£§? t hey may
be fastened every single row 14 WO 97/ 00120
PCT/ JP96/ 01607 as shown in Fig. 2(A) or, ever lurality of rows shown .in
Fig. 2(B).2% Wf‘aé?e#%gaﬁgg?%r F&ehstp%qreﬁféapq TPHE %%A@%Hl?%ﬁ-r i s of
ssidbt e use. s.suc S.a,¢ i nation.of el ongat.ed bolts
course ROSZHHY.S e Eilbink SR (3UEN, AghiRarbl Al Bgt Elngeed Do
arrangenenj s Wk | c e 35 pfogghgio@:tf%seeé%gm&eme#(}e%‘{éhuag LOcOfo i AGeRSed 1S

supplied in the direction of the arrow fromt I nfl ow si de ow port 32-11

of the first &ndrgadeldCBb1ML SR nkfs]l via the supply pipe 46, a 10 part of
the fluid flows into the second cylindrical vessel 10-2 fromthe

I nfl ow §i de fl| ow hetSlo? of2£1dnicD tfPoligle thaf divvwesiddect it RpREingehenit

connected thereto and the remaining part of the fluid flows through the

first cyliwdkl del agefgblowsx-1 as it is processed by the separating el enents

2 until it is discharged 15 fromthe discharge-side flow port 34-11. The

fluid entered t heFor example, when fluid to be processed is supplied in
the direction of the arrow from the inflow-side flow port 32-11
of the first cylindrical véssel 10-1 via the supply pipe 46, a

10 part of the fluid flows into the second cylindrical vessel 10-2
from the inflow-side flow pdrts 32—12 th;ough the inflow-side
flow port 32—21'c§nnected thereto and the remain;ng part of the
fluid flows:through the first c?lindrical'vesSel 10-1 as it is
processed by the separétihg elements 2 until it is discharged

15 from the diéchérge—éide'flow port 34-11. The flﬁid entered the
second CylindriCal véésel 10-2 is furthér diverged:and a-bart
thereof flows into the third cylindricél vessel from thé second
inflow-side flow port 32-22 through the inflow-side flow port 32-
31 connected thereto so as to be processed by the separating

20 elements 2 and then returns to the second cylindfical vessel from
the discharge-side flow port 34-31 through the second discharge-
side flow port 34-22 connected thereto. The fluid flowed through
the second cylindrical vessel while it was processed by the
separating elementS'returns to the first cylindrical ﬁessel from

25 the second discharge-~side flow port 34-21 via the first

15



second cylindrical vessel 10-2 is further diverged and a part thereof flows
iAto the third cylindrical vessel fromthe second inflowside flow port
32-22 through the inflowside flow port 32- 31 connected thereto so as to
be processed by the separating 20 elenents 2 and then returns to the second
cylindrical vessel fromthe discharge-side flow port 34-31 @#ﬁﬁﬁﬁ?e
second di scha@?¥1®e f| ow port 34-22 connected théreto. u | owed
t hrough the second cylindrical vessel while it was processed by the

eparating elenents returns_to the .fi cylindri :
sepond ! 07 scRIPGBREpREsieT i Shariet F1237° 50, 3% ERober FRAFLYY EIBRprde0°
97100120 P 640 LS6 = Si f 3412 to b
i nally di schaPoshs Sraqipsoh-BEHa] Sy ke pPHUS 302 20 30 12 OF) e

above arrangenent tﬂF tSe" SHNEHYahabndS| theNcHculdter &AM 10 9bbi Bonl bt
connected.to the supply pipe 46 of the first 5 cylindrical vessel 10-1 and

that of the frhawepsi tpozd- 33-ToHRGkEEed Cd BedbGPpEy GApRi B6 47 e fiaist
al ways required to coincide with each other. Figs. 3 and 4 show anot her

enbodi nents ofeyl indpi@sie vessel eit-loand Ithat of the fllow peypipBdaflliscorngcted
processing .fluid in the instant enbodinent differs fromthe
above- descr i ltedthehtikichengevipige Mdspretnato alkaypaiequiredittaigoiiReideaith
previ ous enbodi nent, the flow ports 32 and 34 forned on the outer
~ peri pheral spechcether. bot h end portions of the cylindrical vessel 1 do not
proj ect Figs. 3 and 4 show another embodiment of the present
invention. |
10 | The apparatus for processing fluid in the insFant
embodiment differs from the above-~described embodiment with
respect to thé point that unlike the previous embodiment, the
| flow ports 32 and 34 formed on the outer peripheral surfaces of
baoth end portions of the cylindrical vessel 1 do not project
15 outside the peripheral éurfaces. Thus,-by formipé thé flow ports
32 and 34 just on the Qall of the vessel, the spaces 44 can be
dispensed.with. Further, in order té stabiiize the piled-up
Ecylindrical vesséis, the buter peripheral surfaées_of_both ends
of adjoining cylindriéal vessels which come into contact_with
20 each other are made substantially flat.
| In the instant_embodiment, too, where the cylindrical
vessels 1 piled one above another in a plurality of stages are
fastened together by means of the belts 41 at both ends thereof,

respectively, the vessels may be fastened every one row as shown

25 1in Fig. 4(A) or every plurality of rows as shown in Fig. 4(B).
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15 outside the peripheral surfaces. Thus, by formng the flow ports 32
and 34 just on the wall of the vessel, the spaces 44 can be dispensed with.-
Further, in order to stabilize the piled-up cylindrical vessels, the outer
peri pheral surfaces of both ends of adjoining cylindrical vessels which
come-into contact with 20 each other are nade substantially flat. In the

I nst.ant enb too, where the cylindrical vessels 1 above
another in a qu;'m“ﬁ ity of stages are fastened together byp#é%rqﬁsﬂeﬁ t he
belts 41 at both ends thereof, respectively, the vessels nay be fastened

hown 25 n A eve ur al t ro as shown
:E\rgelr:Iygonéel( rB?W ?Z 'Fhe V\bpgﬁ'f?)'lfﬂsz %gr pg: 2:ess:.ngv H/ufcl acch)r ng to Wéh

/ /
e oo B4l PRBGE Bla D! HASERLAT I R OERL ML f*ylﬂél%e 46 i s
connect ed gi9,¢t heg | weeoﬁh&&éd OV PR 3wOf-diife | AVEr Py WY toF dule 10

and t he di'sCharge pipe 47 is 5 connected to the flow port 34. Fur er, the

upper - si onWeQWoQthﬁu%%r?mho%l@f 1he anBpefHSHiyBhdrfe/ pRgell @7ar g5 pl ugged
up .by stoppers, respectively. O course, there is a case where the

upper noSt camtelctedr rosttheniflavypoptiuBés 1Ructitedie tiavaippeatstay £lew ports
on the side where they are not connected to other 10 unitary nodul es (for
exanpl e, woegtsppér endt 34t dthe mpdekwosth Wigary) moduke Gase phoggeditpi S
enough for each of themto have only one flow port (for exanple, the

upper nost bXnIt?mﬁsnDEFSRﬁﬂtﬂHP&Yrmdlﬂ ESUrseFitdiep. is a case where the

uppermost and lowermost unitary modules 10 can be devoid of any
flow ports on the side where they are not connected to other
10 unitary modules (for example;.the tppérmbst unitéry module.in
Fig. 3) or a case whefe it is enbugh for ééch.of then ts have
only one flow port (for exampie, the upperﬁost and lowermost
unitary modules in FiQ.S). | | |
_ The supply pipe 46 aﬁd.aischarge pipe 47 are not élwéys
15 'fequired to be connected to the.flow'ports 32 ahd 34 on the
léwer—side of the lbwermpst unitary module 10 as.shbwnlin Fig.
1 and therefore, for example, aé in'the case of the émbodiment
shown in Figs. 5 and 6, the-dischaigé pipe 47'méy be mounted to
the flow port 34 on the upper-éide of the uppermost.unitary
20 module 10 so that the discharge pipe 47 becomes diagonai with the
supply pipe 46 pfbvided on the lowermost unitary ﬁodule 10. The
flow of the fluid in that case will be such that the direction
of flow of the fluid in the dischafge—side.flow port in.the'Fig.
1 embodiment is'reversed; Therefore,.all'the fluid pass through

25 the connected portions'amohg the cylindrical vessels twice and
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The supply pipe 46 and di scharge pipe 47 are not always 15 required to be
connected to the flow ports 32 and 34 on the | ower-side of the | owernost
unitary nodule 10 as shown in Fig.-1 and therefore, for exanple, as in the
case of the enbodi ment shown in Figs. 5 and 6, the discharge pipe 47 nmay be
mounted to the flow port 34 on the upper-side of the upper i y 20
nodul e 10 so t‘f‘iﬁW di scharge pi pe 47 becones di agonal V\A%{Jﬁ%m ply
pi pe 46 provided on the |l owernpst unitary nodule 10. The flow of the fluid
in that case wll be such that the direction of. flow of the fluid in the:

di schar ge- si BRFWFRy FRR (V43P lte OPFE. tReTADBAIMEING (Do SRS ISEANCTHRT eFRT €,
all the flui gllg:ﬁcgsﬁépfoorlﬂ% é%\%gi?%o 29%2}181":;43 0i:rhte'f Wp gDEQthQGCXM_nE‘ﬁé cal

vessels twi c

PCT/ JP96/ 016 ]Qhé% the ,4essels gg%e-( [ DR, h% : resi cey of
the fluid un%?%éﬁrr% %s#lgbé\fa?'?a!ri\g?ﬁg é‘}%&gg@ pI ggAégpgr?gﬁt hghg?’schgrge
pipe 47 in diaqonalipigl & inaRe i Mk tR8CH Hrli8htidd JfS tRESSH Y rkO1oBKE
~uniformthe di'stribution of the pressure loss 5 of the fluid wthin the

processi ng agpafad Usiulia WREhEPYHY prebbstiey fdpPadathontoradicirelni pubvent
Further, with this structure, of the plurality of cylindrical vessels,

t hose | ocat ethat f1ltd ufyor maldikbnutiondes Further, 1With aid sl @tIpctayenel |
have at | east one flow port which connects the supply pipe 46 or the 10
di scharge pipg #iHe plurakifyowif icylindriash véssels,| dkoger locahedhat the
circunferential direction differs fromthat of the flow port to be
connect ed t oUPPRY s IVRFv&isles, (heths oi0Theanthd-33ngay well have at

_least one flow port which connects the_supply pipe 46 or the

10 dischérge pipe 47. If the position of sﬁch third flow ports in
.the qircﬁmferential direction differs from that of the flgw port

to be connected to the adjoining vessel, both of the upper ané
lower—-side vessels may have the same length as other vessels

without disposing adjoining vessels far away from each other.

15. The separation by the apparatus for processing_fluid of
.thé above—mentioned embodimgnts is performed by supplying the
fluid to be procéssed under p:eésure froﬁ the supply pipe 46. The
'pressurized fluid is distributed into each of the unitary modules

10 via the.connected portioﬁs among the flow ports 32, 32 and the

- 20 fluid thus distributed has unnecessary components mixed or
dissolved therein separéted therefrom by the separating elements

2 and the low-pressure fluid (fresh watef in the case of a
seawater desalinating apparatus) after such 'separatipn is
discharged from the discharge pipe 13 via the central pipe 11

25 while the congentrated fluid is discharged from the discharge
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| ower - si de vessel s may have the sane | ength as other vessels w thout

di sposi ng adj oi ni ng vessels far away from each other. 15 The
separation by the apparatus for processing fluid of the above-nentioned
enbodi nents is perfornmed by supplying the fluid to be processed under
pressure fromthe supply pipe 46. The pressurized fluid is distributed into’

each of the gnj nodul es 10 via the connected portions e flow
ports 32, 32“‘21#6‘@%&20 fluid thus distributed has unnece%‘g‘g&gg%ﬁﬁponents

m xed or dissolved therein separated therefromby the separating el enents 2
and the |Qu-pressur.e uid (fresh water in the case of a seawater

desal i nat ipﬁ‘ﬁg pparat Eé‘f coé'F‘FSEm%LP(?ﬁ 18D A RPI o it O g%%mgéd ##om t he
di scharge pi pe 13, Vi 3qk r.al. nin ' € £G. Hﬁﬁﬂﬁ fluid
is discharged fr ?%%O%gaﬁgsﬁg?‘ ée%@}eoﬁe%g%dog%%&% £6¢ rsg‘t“%j

PCT/ JP96/ @160d &% %ezl%reyérﬁ ERBoRRReS HW HAOkhI AP FTBR e mbhRYePoOrt s

34, 34. According to the above-descr.i bed apparatus for procéssing fluid of

the preseno edwdpibed , ohbe apbie albnbYhef wWhthatheMdweessife agRiLaded one
abave another with the |lower-si'dde unitary 5 nodules directly supporting the
upper - s§ dewduoilear \divedtules suppspeing vehy, uppeirhgidé hansugppr olibe®s whi ch
have been used for mounting the unitary nodul es .of the conventional fluid
processi ngesppehivedy, ase thetnbhe suwpport etkhamebuwhiwy hase bden ukedy fmrts 32
and 34 are facing to, and directly connected to each other, 10

respect i vBPYRLIRG FhAi v AIYaPedvigfuPfctie copEpntirnRlafiuifmrreres s to be

used, It iazsapgxsrggug nz!11¥e fn%r m%(%gn%g&&{]rqe&.og%r}%gé}:,heas thé flow ports 32

and 34 are facing to, and directly connected to each ot-her,

10 respectively, no manifolds arglfequired. Even whén-ény manifold

has to be used, it is use'd:only :fo'r conne_éting -togeth.er __Ehg

dis"chaﬁr:gé pipes .13 forE disbharging the iow-pressure fluid. ‘I'hué,

since a manifold is used only at one side end of each of the

unitary modules 10, it is nbt'necessary'to diémantle and iemove

15 the manifold at the time of periodical replacement of the
separating elements so'Ehat:nb.trouble takes.place.'m

It should be noted that althéugh in the above-described

embodiment, each of structures is made to have two flow ﬁorts on

both ‘ends thereof, it may be provided with a number of

20 circulating ports. For'example, it ié preferable that the four

flow ports of each of the unitary modules be so formed as to open

in directions intersecting at substantially'right angles with the

axis of each unitary module and the unitary modules are piled one

above another as shown in Fig. 2(B) or 4(B) so that they are

25  connected together not only -Vertically but aiso'horiz'ont’aliy.
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di scharge pi'pes 13 for discharging the | owpressure fluid. Thus, since a .
mani fold is used only at one side end of each of the unitary nodules 10, it
is not necessary to dismantle and renove 15 the manifold at the tinme of
peri odi cal replacenent .of the separating elenments so that no trouble takes
place. It should be noted that although in the above-descriSﬁgygﬂﬁﬁgbnent,
each of structWP&0120 nmde to have two flow ports on both eof ,

it may be provided with a nunber of 20 circulating ports. For
exanple, it is preferable that-the four flow ports:of, ea ég the unitary
nodul es be sBe¢aisfyd bys SodehRey ithedPressrbnsiast éPsEEFiﬁg“ RIOGEPERYFal 1y

right angles with the axis of each unitary nodule and the unitary nodul es
are piled onépﬁm%mgf g‘ér@?‘ﬁﬁwfeﬂ‘fcﬁﬁg. 2(B) or 4(B) so that they are

25 connected together .not only.verticall ahi Q3L WO
97/ 00120 m%rfﬁer, 1# is " not %ec&spggyF) qﬁB%%?%l %aggcgégg}eby
so doing, th S phufe | Tt APPBER i Ahebeor .
further redugggﬁf‘i%‘%e%?éi Féiﬂ% no ér%cl?gsggﬁg ' aet%ggacﬁ uni tary m?du?e
shoul d have t8e aERPREIDELkEl theOWoRRHhSsONYEesdL e8Kisut N epig. S5 0khe
exanpl e, l'ike the | owernost vessel shown in Fig. 5, the outernost vessel
which is copaeetresti WBsbbe wAkeh pertcomhediteahaiigh et fmdrett hsoft ubd may
be provided at one end thereof with flow ports larger in nunber (for

exanpl e, twodbschérge)partafiorhtise fuidhmagt berprmwidedertodne lnd thereof

According to the apparatus for processing fluid of the
with flow ports larger in number (for example, two or three)

(@) =)

than those at the other end thereof. |
i0 According to the apparatus for processing fluid of .1_:he
pres.ent' invention in the above—describéd modes, the u:nitary-
moduleé 10 are directly supported by themselveg from below'so
that the suppdrt frames which have conventionally been used for
placing the unitary modules are substantially not r_e:quired.
15 Further, as the unitary modules are connected to each other with
| the flow ports 32 and 34 held .op_.pos_ite to each other,
respeétive-ly, no manifold is also required. Even when any
ﬁanifold is used, it is only usedjfor connecting the discharge
pipes 13 for discharging a low-pressure fluid. Thus, the
20 manifold is used only on one side end of each of the unitary
_module 10 so that the periodical replacement of the separating

element is facilitated.

It should be néted that although in the above-described
embodiments bolts.38 and nuts 39 are ﬁsed as means for fastening

25 a plurality of unitary modules 10, the present invention is not
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- present invention in the above-descri bed nodes, the unitary nodules 10 are
directly supported by thensel ves from bel ow so that the support franes

whi ch have conventionally been used for placing the unitary nodul es are
substantially not required. 15 Further, as the unitary nodul es are
connected to each other with the flow ports 32 and 34 hel d opposite to each

ot her, resp Lvely, no manifold is al so required. Eveg.w y
W ghei, Fahsmen

mani fold is is only used for connecting the discharge pipes 13
for discharging a | ow pressure fl uid. Thus, the 20 manifold is used only

[ ' f - uni I ' that | odi.cal
Cepl acerer o eo§EEh Snd AEbE dd TBEH e imasidatBF Anfid BbBBUC o
Used s e PAESYSE ARy REATREL MR ROCIEIY Ml b uies 10, “the

present inventionghs igk.2@ and\O@// P0d%D is shown an apparatus for
PCT/J96/ 01607 limted thereto and ot her neans such as passing of belts

around botgrcasiag Eheidnatesndingdwoe skisenbhytiidy dbodiadnt| 6£FtRs. 9
and 10, there is shown an apparatus for processing fluid according to stil
anot her5 erfregientninvéntiom .5 present invention. This apparatus for
processing fluid includes a plurality of unitary nodul es 10 arranged
horizontal |y and et iapRprrgtys, fpararqaessing af hwitk hngdudes r aiaraddtier .
Further, between both engs of the %&Per and | ower. rows of - the unitary
modul es 1®% pEHgary modules 10 arr ed horizontally and vertically in
parallel relationships with'oné andthér. Furthef, between both
ends of the upper and lower rows of the unitary modules 10'there
10 are sandwiched fluid transport pipes 15, 15, reSpeCtively, which
run horizontally to transverse the rows of the unifary modules.
Each of the transport pipes 15 comprises combinations of cross-
connecting pipes’lSa'and linear connecting pipes 15b.
Each of the unitary modules 10 as cylindrical vessels 1
15 contains therein a plurality of separating elements 2 in series
and is provided near both ends thereof with flow ports 32 and 34,
~ respectively, which project outwardly of the outer pefipheral
surfaces of the both ends. The unitary modules 10 arranged
verfically in two rows have the flow ports 32 and 34 thereof held
20 opposite to one another, respectively, so that the Fflow ports 32,
32 and 34, 34 are comnected together by means of cross—connecting
pipes 15a, 15a which are then connected together by means of
linear connecting pipes 15b.

For the separating elements 2 disposed in each of the

25; cylindrical vessels 1, the known ones may be used and génefally,
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10 are sandwi ched fluid transport pipes 15, 15, respectively, which run
heri zontally to transverse the rows of the unitary nodul es. Each of the
transport pipes 15 conprises conbinations of cross- connecting pipes 15a
and |inear connecting pipes 15b. Each of the unitary nodules 10 as
cylindrical vessels 1 15 contains therein a plurality of separatin

el ements 2 in WOSAM2HLNnd i s provided near both ends thereofgﬁqq?qﬁ%M/ports
32 and 34, respectively, which project outwardly of the outer peripheral
surfaces of the both ends. < The unitary nodul es 10 arranged vertically in
two rows haveaathefi they aperating Hlements o reFPIisrd 20l e: Beplr

anot her, respectively, so that the f|low ports 32, 32 qgg:34 34 are._.
connect ed t ¥BHMEr 2BYUBR o sCRRE TR RIRG i SRAGHEs PRtyeeRs SUGHPEFLYS o

t hen connect ed to%gthgr by .neans of |inear connecting pipes 15b. For the
separating etEHE 3hg ¢ Sn each of the 25 cylindrical vessels 1, the

known ones may be uged ener alJ 2 7 {call
PCT/ 1P/ 01607 each 8f %ﬂ‘%“gegg‘r s %5 ctagay, e %i’setsh% Serticaty

menbr ane u n | ' 5B essi ur ns
of the m%r%ﬁg%su %ﬁ%ﬁni}nﬁ%}:%gg?'W%%??A?’esggggﬁo%&, 6?%€%rt§ ?c%fll%/ 5

arranged uni{gpysitduSseddh ckheravdat BBhheét QY RYdthe22by3Relns doDpRiOSi t €
to each other ‘and connected together by means of the cross-connecting pipe

15a. The nodereds-econmeitiag pipé hesd ) oWrheomiosle33f S@nmextiidneof the flow
cross-connecting pipe 15a is such that the '
ports 32, 32 and the cross—connecting pipe 15a is such that the
sides of the outer peripheral surfaces of the unitary modules 10,
10 10 at whiéh the flow ports 32, 32 are provided are made flat so
as to intérsect at substantially right angles with the
circulating direction of the fluid to be processed_while both end
faces of the.cqnnecfing pipe 15a are attached_with flat flanges
45, respectively, so that the flattened portipn around each of
15 the flow ports 32 and each of flat flanges 48 are connected on
-face-to—face basis through an O-ring 427
Further, a spacer 35 is interposed between.both adjoining
ends of the unitary modules 10, 10 and other spacers 36, 36 and
angular membefs 37, 37 are respectively applied to the outer
20 sides of the above-mentioned adjoining ends, so that the unitary
modules 10, 10 are held fixed by fastening bolts 38 interposed
between the angular members 37, 37 by means of nuts 39.
The connéction on face-to-face basis and fastening

structure between the flow port 32 and the-conneqting pipe 15a

25 also apply to a case when the flow ports 34, 34 at the opposite
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sides of the outer peripheral surfaces of the unitary nodules 10, 10 10 at
which the flow ports 32, 32 are provided are nade flat so * as to
intersect at substantially right angles wth the circulating
direction of the fluid to be processed while both end faces of the
connecting pipe 15a are attached wth flat flanges 48, respectively, so

that the fl -6 q _portion around each of 15 the fl ow por 'mgﬁmﬁag each of
flat flanges 4 connected on face-to-face basis throd&% ing 42.

Further, a spacer 35 is interposed between both adjoi ning ends of the

uni tary nodules 10 1 d ot e 3¢ and- angul ar menbers 37, 37
are respect F?lg?yer?ﬂfp gﬂ?omf:h ré’ug'gﬁugﬁszji 3%0f t he above- nenti oned
adj oi ni ng ends, so € I

fast eni ng bolts 38“@%?%r§%§é ﬁ%%n gﬁ% Zﬁé& C%P Hgégg %5é é@ﬂgy means
of nuts 39. oIhgeGQGG! aeacmé@%obe f &g %%hstﬁ@dcé@&ta&naﬂgs Séf Ugfeur €

bet ween t he flow port 32 and the connectlng pipe 15a 25 also apply to a

case when tBeof| porpais thhe 84 aﬁetcftﬁxMQﬁtrztﬁlﬁé do néP 284R64&D with
PCT/ JP96/ 01607 side ends of the unitary nodules 10, 10. Where the flow port

and connéct each pitheradwe sior hammuﬁamtnemgcémrdescthé)emia:lamyemomm omhen
the central axis of the flow port- and that of the connecting pipe do not
coi nci de wi ah SssexdHiogherrauef the apparatssufongprocansioh fheidnitheyy
modul e or an assenbling error of the apparatus for processing fluid, they
can be conn%%‘%é?f_\ﬁPPh?ﬁ%'tedaH}t??%@PX BEoyRie a8 SaE(Rs uSH dpeeRformity

is within the range of wideness of the flattened portions of the

two. 1In this case, the connection of the flow port and the

.10 opening of the coﬁnecting pipe is made between the two flat

surfaces so that the central'axes of the two may be shifted :troh

each other in any direction within a plahe'intetseéting at right

angle with the axes. Any axial dislocation between the two may

be compensated for.ﬁithin the range of sealing capacity of the

15 sealing member determined by the elastic deformation

characteristic of the sealing member. Thus, by using such flat-

to-flat connection, it is possible to reduce the flow resistance

of the fluid to be ptocessed by enlarging the diameter 6f the

tlow port or the openiné of the connecting pipe thereby allowing

20 a larger amount of’the fluid to be processed and also to enlarge

the range of coﬁpensation of the dislocation between the central
axes of the flow port and the connecting pipe.

Further, although, in the above-described embodiment, the

end surface of the flow port of each unitary module and the open

25 end of the connecting pipe-are connected flat-to-flat, both of
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is within the range of wi deness of the flattened portions of the two. In
this case, the connection of the flow port and the 10 openi ng of the
connecting pipe is made between the two flat surfaces so that the central
axes of the two may be shifted fromeach other in any direction within a

pl'ane intersecting at right angle with the axes. Any axial _dis] | on
bet ween the t WO conpensated for within the range of gg’gﬁ?’%@%@{’ipaci ty

of the 15 sealing menber determ ned by t he el astic def ormati on
~characteristic of the sealing nmenber. Thus, by using-such flat- to-flat
connecti on, itheh MayoBei Edmmected s dorcekinpliel, Oin ree sianhancet efyltithdef+liike t 0 be
processed by enlarging the dianeter of the flow port or the opening of the
connecti ng pispetater eBhis|iisonceeppldshed |13 gueh 2 PanneloChat HOLF PEANP be
processed and also_ to enlarge_the range of ao:[rpe,nsatioh of the dislqcation
bet ween the &batfide Surfage ok dhe Wgﬁﬁl mARLe e BBAR T T2 5%3 t her,

T i e L
connect e Oi 6@%@?&2 aatsurggég ﬁteé? g&,thv%g7é99&.ﬁgr side surface o?‘f the

PCT/ JP96/ m may bé  conne for exanple, in a manner

cylinder-1ikenipai9Chodiié SsbS tR&€OBBLR S BEErddhsS Wie cciMaBeéd t Bagetur
exanple, the side surface of the unitary nodule is nmade circular and the

open end sur fthereugh 4 lxaldingendanbeg.pi pe is attached with a flange 5 having
a surface mated with the circular sjide surface of the unitary nodule so
that both surfaces Joweysrnecin dde; ghevegase, the dislocation between the

azis of the flow port and the axis of the connecting pipe can be -
10 conmpensated for in the above-described manner with respect to the
axial com:;onent of the _éircular suzface but it is hard to be
compensated for in a direction intersecting ét right angles with
the axes of the two. However, it is easier to machine thé end
Snz;face of the flow port. of the unitaz'y module circular than to
15 machine it flat and it is satisfactory, in many ca.sés. because
' the axial dislocation of the uﬁ:l.tary médule mainly. due to the
'mamifactu:i.nq error of the unitary module' can be éémpensated" for
by this method. - '
Further, thers may be also a neth;d in which a joint of
20 complicated structure is embedded in "the Flow port o‘fl the
unitary module and such a joint is provided in the opening of |
the connecting pipe thereby connecting the flow port and the
connecting pipe but this method has the disadvantage that thé
compensation range for the dislocation between the axes of the

25 flow port and the comnecting pipe is small, and the
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t hrough a sealing nmenber. However, in the above case, the dislocation

between the axis of the flow port and the axis of the connecting pipe can
be 10 conpensated for in the above-descri bed manner with respect to the
axi al conponent of the circular surface but it is hard to be conpensated
for in a direction intersecting at right angles with the axes of the two.

However , er to machine the and surface of the f of the

uni tary nndd*éyﬁ@i@ular than to 15 machine it flat and |t+€@h§@@h§fa0tory,

in many cases, because the axial dislocation of the unitary nodule mainly

due to the,man fact e t he unitary npdyl e .can be coppensated for

by this. netSREF et el chIh BnF peerhi B5F orePAtn  ACAR SRS atPolRE of 20

conpl i cat t IS d i LY gRdul e
%gﬁ:&l"egg OF GrleS cEIPGHIE héf'%é QﬁaInL.Q%% pf«{] donng%%éxﬁ

and such a jjoint is provided Int peni ng I'ng pi pe thereby

CQﬂneCtlrEhﬁéE%a%hﬁ?’Eﬁétféaﬂ tRgispanact bA0rph PE1RIH, RIS HERLBRE, hag the
di sadvantage that the conpensation range for the dislocation bet ween t he

axes of tharddy Ebowtswhdjbhﬁtcmflﬂfet iFDewPbeL,| & $8BLing Attuidteras WO
97/.00120 , PCT/JP96/01607 di anet-er of

t he fl o pier tneeded nixir lnhenmimtl-emlgeddimg portihm reghhieissy ah hilengosheof a
| arge-di aneter joint, which results in increasing the flow resistance of
t he fIU|cleﬂhyﬁehmpdnleaextre@EﬂErCQMPIiﬂbeédsuch joint in the flow port, a

~sealing structure 5 is needed for the joint-enbedding portion resulting in
meki ng t he The separating process using the apparatus for processing

fluid of the present embodiment described above is performed by
supplying:a pressurized fluid to be processed into the apparatus
10 from one of the fluid'trahsﬁbrt 15 as indiceted by the arrow. X.
The pressurized fluld is then dlstributed into each of the
unitary modules 10 through the connected portlon of the flow
ports 32, 32 and the fluid distributed 1ntq the_unitary module
is filtered by the separating elements 2 so that any unnecessary
15 or effective component ﬁixed er_ dissolved in the fluid is
separated, the fluid after separetion is discharged from the
discherge pipe 13 via the central pipe 11 and the separated
~concentrated fluid is discharged in the direction of the arrow
Y froﬁ the other fluid transport pipe 15 via the connected

20 portion of the flow ports 34, 34.

Andustrial Applicability
The apparatus for processing fluid of the present .

invention can be used as, besides a seawater desalination
apparatus, a brackish water desalination apparatus or system, a

25 river water or city water purification apparatus, an apparatus
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entire nodul e extrenely conplicated. The separating process using the
apparatus for processing fluid of the present~eﬂbbdinen}_described above is
performed by supplying a pressurized fluid to be processed into the
apparatus 10 fromone of the fluid transport 15 as indicated by the arrow
X. The pressurjized fluid is then distributed into each of t '

nodul es 10 thﬂBﬂ@HmFﬂb connected portion of the flow ports g@?ﬂg¥%§@§ t he
fluid distributed into the unitary nmodule is filtered by the separating

| ts 2 t hat 15 ffective.co t m_xed
di ssol ved | nEQReEIHARG S0 SRRPRINY URIRSSFFATY SPRAPSHIgnRt Pofipd and

eparat 60 oMot SRed VP par B oReFbat il aPpalefl, " BeRB AT b v

fromthe of NeincertdehbANaPOiiattis Sotoai fid MchORICHA RS0 RARL! OF fHe L Ne

flow ports 34, 34. ust Applicability e apparatus for processing
fluid of theypgesert tHweBsiéite COP BR1WGEFM AShryOSBidlas £ér SRAWHIYM of
desal i nati on apparatus, a brackish water desalination apparatus or system
a 25 river pdleindgdr CRintheat eritpuls fdilcat meedappakal bkygefl SAPRERING b
WD 97/ 00120 ' ' PCT/ JP96/ 01607 f or
reduci ng or reduntivn wppecebssy yar apparatiis for ardématwrihgaddsaninethecdiwe
conponent concentration apparatus such as a concentration apparatus
for drinks soelemapparatys foukenoringeunndgessaryheonpemrds dh si g&swrm
chrysalides for a bait of '
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5 fishing. Ff o] used as an oxygen enriching or reduction

Femovi ng unne a?‘iﬁf%“m@ gronents in 5 gas ] IR THIMBEL" *"*n apparat us

renovi ng unnece

for processing’ - - a plurality &f eylMndrieal vessels each of
whi ch has flom1ports on the outer. ‘peri pheral surface of said vessel at
positions n end and a separating el enent providedgt - f said
vessel s, wherein said vessels are arranged substantially paral to each
other and assenbied in such a way that said flow ports of ad10|n|ng vessel s
are facing to and -connected wi'th eacQjaﬁgg; 2. - The apparatus for
processing fluid according to ClaimZ ein at | east one of said

cylindricaly vesselg dy3shuridar vQEQé(i %@1\3@& ﬁJﬂaua@y%ECﬁ%ge mﬁegtm

The apparatus for processing fluid according to Claim1l erein each
of said sepaeabifgr e Tphesal Sshramd tausbot hat pasmewfeabieernea‘enaam' s
splrally wound around a tubular nmenber with a spacer inbetween. 4. An
appar at us fodr spidceessal, ftaspdctdaplysiam aherainlat Vladstctwondri sadd
vessel s each containing a plurality of separating elenents therein and

havi ng & plfdpeal poytef neapwopersisid mfsdidnvessebimr seepirpiéded asirface

t hereof at positions near each end of said vessel, wherein said cylindrical
vessel s ar Sukptantbal kubsoaresrands piralnesitienondoanbheieCoNRERATBRFES f | ow
ports of one of éhe vessel s facing to thgse of .the ot her, and wherejn fluid

hereof near the other en of saild vessel in the circumferential
direction.
2. A cylindrical vessel having a plurality of flow ports on

10 the outer peripheral surface thereof at positions near each end_
of said vessel, respectively, and wherein.each of said flow port
near one end of said vessel substantially corresponds, in
position, to the counterparts thereof near the other end of said
vessel in the circumferential direction. |

15 3. The cylindrical vessel according to Claim 1 or 2, wherein
said cylindrical' vessel 1is further provided with a fluid
discharge port.

4. An unitary module of an apparatus for processing fluid,
wﬁich contains therein a plurality of separating elements and

20 which is provided with a plurality of flow ports on the outef
peripheral surface near each end thereof, respectively;

5. The unitary module of an apparatus for processing fluid
according to Claim 4, wherein said flow ports are arranged in
symmetrical relationship with each other with respect to the axis

25 of said cylindrical vessel.

27
“This Sheet Has Been RTila

AT




nsport pipes ntersectln;%j ndrical vessels are 27 provi ded

g:}[ \(/jveggl ?ﬁo(rjl EM"I“E HLB’ ”ﬂ s so a fl ow pe nds of each of

ctlvely,.and uﬂB@HF portstand said fluid
transport pipes are connected on face:t.o-fade ba8F e anot her. 5.

The appar at us for rocessing fluid according ﬁh&m h of
sai d separati n© Ahﬁﬂns is formed such that a perneable e ane ?ﬁﬁ
spirally wound around a tubular nenber with a spacer |nbetmeen . The

f ' fluid C
FUrd transpBet rSfSZﬂﬁ”?ﬁﬁ “hvoﬁgﬁ% Ahianorerdr e RerapFEar &Z—‘?&l—d‘d
serves as & SuRLNARLPE, 200 5014 Uhdbdibr B0SPOLY 110 s30LBOEEL YrdviRedt her

end of said gf véssel s ‘serves as a di schar

met hod for praducing (fmpafag,ﬁe el S, CuRr k8550 ts*assﬁ&?&salq& céyfa:s;wnag

fluid to be processed Into t apparatus for processing fluird described in

any of C ai minlpolBhesah @e &yl dReiterBart NEnaVENINprokide€ OGN &e Hthed Or
di ssolved in saird fluid. A nmet hod for producing separated fluid

conpri si ng t kadsbepsaidf cymm:}iwatlgvééseld inothe ¢irmaseeenthad dhwecipiparat us
for processing fluid described in any of Clains 1 through 6 ; and enriching
a conponent M.xed orThk ssdltecst nodeke ff lani dpp&ratus fok pybbesisixmﬁl\uég\sa
havi ng a pernmeabl e nenbrane dividing the interior of said vessel into a
| ow pr essureagpggd:gt}gad:@ §;,g1m 4, 5 or 6, wherein said cylindrical vessel is
further provided with a fluid discharge port.
8. The unitary module of an apparatus for processing fluid
10 according to Claim 7, wherein each of said separating elements
comprises a permeable membrane spirally wound around a tubular
member with a spacer inbetween.
9. | An apparatus for processing fluid comprising a plurality
of cylindrical vessels having a flow port'on the outer peripheral
15. surface thereof at positions near_each end and_containing therein
a pluraliry of separating elements arranged substantially
parallel to one another with each of said cylindrical vessels,
so rhat said cylindrical vessels are assembled in such a way that
flow ports of adjoining‘vessels_are facing to, and connected to,
zd each other.
10. lThe apparatus for processing fluid according to Claim 9,
uherein at least one of said cylindrical vessels is further
provided with a £fluid discharge port.

11. The apparatus for processing fluid according to Claim 9

25 or 10, wherein each of said separating elements is formed such
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a high- pressure side space, a |lowpressure side flow port
conn pressure.side spaee—any a plurality of high-pressure -
fl ow MU mﬂmmw he ‘outer_jpet Q,(p&laf‘% nface of said vessel at
posi ti’ong néar "bot h ®tnds’ ther , and connected to said
hi gh-pressure side space, at- s Said flow ports near one end of
sai d vessel substantially cor 7 In position, to th ar t
t her eof neaﬁaﬁﬁghgﬁher end of said vessel in the circunfe Ji&éﬁ‘ i rection.
10. The cylindrical vessel according to Claim 9, wherein said
per meabl e nbrane | S ach le fromt y of said cy]indrical vessel.
0 p«'bapama seas o eiedng Breed i i aressel
t he cylln in Gaim9 or 10 which are connected
t oget her gﬁen%aet ?iﬁ 71‘99‘1? prg'g Er%y de spaces of said vessels join
together {fy.0ugh hRCuRREREIROREH Poobk AR RS 5HE SobpiG shhg Ve AFd:31Rggr bot h

ends t hereof. hod for. produci'ng separated fl.Gid conprising the
steps of: @ﬂlehwddluvdssaéoeaanm&aaﬂmet9 P hradpRYr 8f UsedadatBhgcessi ng.
fluid described in Caim1l1ll fromthe high-pressure side flow:-port of the
cyl i ndrbcadlerentsl therkeirolandchaving epplaratity wil fs.epaparwl fyrnead dn

per meabl e nenbrane through.said | ow pressure side flow port. 13. A

met hod fortnaf@@merngesxnhﬁnaﬂeéutfanejﬂh@mpofsatmpdﬂm¢19napseaﬁ eaghpphﬁlng

fluid to be processed into the apparatus: for 29
of said vessel, wherein sard cylindrical vessels are arranged

substantially parallel to one another with said flow ports of one
" of the vessels facing'tc.thdse of the other and wherein fluid

10 transport pipes interseatihg' said qylihdrical vessals"are
provided between said cylindrical véssels'so aa to join with the
flow ports near both ends of each of said aylinarical #easela,
respectively, and said flow ports and said fluid.transport pipes
are connected on face-to-face basis with.one another. -

15 13. " The apparatus for,processiné fluid according to Claim 12,
wherein each'oftSai& saparating elemants is formed such that a
permeabie membrane ia spirally wound around a tubuiar ﬁember with
a spacer inbetween. . | |
14, ‘The apparatus'for processing fluid according'to Claim 12

20 or 13, vherein said fluid transport pipe arranged on one aide of
said cylindrical Veésels servas'as a supply pipe ahd said fluid
transport pipe arranged on the other end of said cylindrical
vessels serves as a discharge plpe.

15.. A'method for producing'separated fluid cbmprising the

. 25 steps of: suppi?ind fluid to be proceased'into the.apparatus for
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. i [ THIS SHEET as g
processin fluid n Caimll: throug theﬂﬂngbggressure Side flow
port on ‘o ﬂm ml i'iﬂmgﬂml ndri cal vessel, sepa f.said fluid
by saidp and collecting a part of said fluid remained in
t he hi gh- pressure side space from sai,d high-pressure side flow port on the
ot’her end of said cylindrical vessel. 14. A fluid processrn% nmet hod

using an app¥P&¥M28 for processing fluid conprising a plu o7
unitary nodul es each in the formof a cylindrical vessel provided with

fluid processing neans therein, and a first and sego d. flow po o]
outer peri pr%‘F%‘Fessﬁ}rnfgacféutlﬁerdééFré]Pe‘é Hosany R : § gﬁaoggﬁ) L%'d ?féisel

and also provi ded with a th|r a fourth flow

peri pher al sﬂﬁﬁl?ﬁ?QI1 %oglffgﬁoﬂ%%ﬁ THe ot% %Hsggfvggsal %%%sel
so as to subfi&ygreﬂ ly correspond in position, to said first and second
flow ports, respectively, in the circunferential direction, said nethod
conprising tfig stepg Qﬂ‘ethé&pl%i“ ?S}o&ﬁéiﬁgtgeﬁ%f‘ra‘%bacﬁﬁﬁé bBﬁBrQQﬁl@ftE@' d

cylindrical vessel through said Tirst flow port thereby allow ng a part of

said fluid toeddsowrk né&b{?l@&nf;' PYaiPRb BéE prvididedCYht® s dlppuesagat tdy ough

said second fl ow port ischarging at least a part of the remmining part of

said fluid thrededsindg Eluid dekbeibedrin odnyadfl Cdimsdsi eakouglssed; adnder

processing it by said fluid processing neans within said vessel; and 30
enriching a component mixed or dissolved in said fluid.

17. A cylindrical vessel having a permeable membrane dividing
_ the iﬁterior of said vessel into a low-pressure side space and
10 a high-pressure side space, a low-pressure side :lOW',port
connected to said low-pressure side'space and a plurality*ef'
high-pressure flow ports formed on the outer peripheral surface
of said vessel at positions near both ends_thereof, respectively,
and connected to said high-pressure side space, at least.two of
15 said flow ports near one end of said vessel substantially
;orfesﬁond, in position, te the counterpart thereof near the
other end of said vessel in the circumferential direction.
18. The cylindricel vessel according to Claim 17, wherein
said permeable membrane is detachable ffom the body of said
20 cylindrical vessel.
19. The apparatus for processing fluid provided Qith a
plurality of the cylindrieel vessels described in Claim 17 or
18_which are connebted'together such that the highfpressure'side
spaces of said vessels join together through the corresponding

25 high~pressure side flow ports near both ends thereof.
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suppl yi? ng the fluid to~-_' be” processed - _.-into said cylindrical

esvsnart DUMEBUEPRRLN o be' oo e 6 Pa P ot v e

interior of Sai'd &ylfndtical vessel-Tgefhar®by-obtain a processed fluid.
15. A fluid processing net o8 ng-"an apparatus for processing
fluid conprigSi plurality of unjtar dul es each int ﬁ@ﬁﬁk f a
cyIindricaIv@égggﬁmprovided with fMhNef"™d processing neans t e(eln,(gnd a
first and a second flow port on the outer peripheral surface thereof at a
position r one,e sald .. an I Loyl de .t h.a.thi and a
fourth fl (r)gv@‘port %ng’gﬁgz’%u@é’? %’g?%%lhlg%a?se 3%85%% ? ‘g%%oﬁ%éﬁr}%lbgsft Fon near
the ot her giubsObesaibpigeag!siiflatto e HHBELDLA Alto €AE! S5PAbud B
position, to'said ?%‘%S‘I:Jt %ng secon of%ov%ortjs, _respectively, | n_st hgr _

ci rcunf er epd@lssingeEFluga, des¢Eivet heod QAR 191 Fgohhehet BPSh-Aressupp! Yi ng
fluid to be processed into one of said cylindrical vessel through said
first flovejde flowepwity ofl tieiaydindpiaod]l oéssel dntll colldotihl osepartagethe 1 ow
port of another cylindrical vessel through said second flow port;

di schar §i nElwitd | separagegaby skidhpersesihle npemananeofthyaughf seid fhwough
said fourth flow port of said cylindrical vessel after processing it by
sai d fl ui PERSEEESsEHGe nbkdvs PREERi n sai d vessel ; and 31

21. A method for producing separated fluid comprising the

steps of: supplying fluid:to'be processed'into the Apparatus for
processing fluid described in Claim 19'throﬁgh the high-pressure

10 side flow port on one end of the cylindricél vessel,'separaﬁ;ng
a part of said fluid by said permeablé membrane and coliectind
a part of said fluid remained in the high-pressﬁre side -space
from said high-préssure side flow port on the other end of said
cylindrical vessel. |

15 22. - A. fluid processing ' method using an apparatus for
processing fluid comprising a plurality of unitary modules each
in the form of a cylindrical vessel provided with fluid
processing means therein, and a first and a second flow port on
thé outer peripheral surface thereof at a'pbsition near one end

20 of said vessel and also provided with a third and a fourth flow
port on the outer peripheral surface thereof at a position near
the other end of said vessel so as to substantially correspond,
in position, to said first and second flow ports,'respectively,
in the circumferential direction, said method comprising the

25 steps of:

" 31
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luid to be processed into said cylindrical - vessel

supplying the f

through sﬁlﬁm'mm ‘!ﬂrt fromthe flow port of dngjheresdsetical
vessel v rough said fourth flow porg VI ggkhsceont eri t)r of
sai d cylln ri cal“vessel to t hereby obtain a processeh fluid—36s The

fluid proce55|ng met hod according to Caim14. or 15, wherein 8@
meaWe 9780124 t he form of a pernmeabl e menbrane and @Jagi‘m‘ essed

processing
fluid is a
97/ 00120

fluid which has passed sai d perneabl e nenbrane.

ﬁj/JPQG/OlGO? arll%ulca
vessel through sai dS¥PRLYIH9 O\i‘lebﬁit tt%ePEbyp%ﬂqe&ﬁe 0YRy OB %

to fl t he .flo t of t d

sgcongwf : (r;Wo F‘fqdrh‘?a\sﬂlcgérﬁﬁﬁeﬁgﬂ%régp gr?l% f&%ﬂl' fg)fo"fvesrenalegleﬁ Hart %}igllg sai d
> f'“'d.thr%# yéggsf %Eﬁﬁhfﬁh9§’Q8r%18L 338 &Y '%q hC?of%e 'a&géﬁg

processi ng

causi ng f"“ﬁ}ﬂﬂﬂd??c& oﬁgﬁﬁggt?ggggﬁeggldn§gcgﬂadffaq|dyyt|cal vessel through

| ow 10 port of another cyllndrlcal vessel

said third

urd processi ng neans w In sal vesse

fl"ow port ron1the

be di schagged thr ougls&irdihguit Nebkeva ARirit BEatHd1@emaigindpatt 68ihid

cylindrical
processi ng

10

15

vessel to thereby obtain a processed fluid. 24. The fluid

BIied tanougti Bgitotkiad NElov Work3,0of said cylindrical vessel
after processing it by said fluid processing meanhs within said
vessel} and

causing fluid to be processed supplied into said
cylindrical vessel through said fourth flow port from the flow
port of another.cylindrical vessel to be discharged througﬁ said
third flow port via the inte;ior of said cylindrical vessel to
thergby obtain a processed fluid.
23, A fluid processing method using an apparatus for
processing fluid comprising.a plurality of unitary modules each

in the form of a cylindrical vessel provided with £luid

~ processing means therein, and a first and a second flow port on

20

'the outer peripheral surface thereof at a position near one end
of said vessel and also provided with a third and a fourth flow
port on the outer peripheral surface thereof at a position near
the 6ther end of said vessel so as to substantially correspond,
in position, to said first and second flow ports, respectively,

in the circumferential direction, said method comprising the

steps of:
25 supplying fluid to be processed into one of said
32
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wherein said fluid processing nmeans is in the formof a perneable 15
nenbéﬂ]ﬂlﬁmmuumutessed fluidis a f i ch has passed said
per meAN! IR HBnCA 1| M5 A cy GalnomE8el provided with first,
second and third f[om/ports on Y 1S 8\ esceperi pheral surface thereof such .
that said first flow port is previde Sition near one end 20 of said
cylindrical v?? {2 Sai d second port is provided at gepoddik@n near
the other end of said cylindrical vessel so as to correspond, In position,
to said first flow port in the circunferential direction and said third
fl ow port 4 ' A+ RRSIdH @04 : I ' I gy fdkiSiy and

POrt o P1irAKL 6 edlen 3 e ROSIGH QR1A%1.GA! FISROPEL L LriedeBY! 81 1duiilg

second fl o ports 1n the circunterenti Irection of said vessel. 33
a part of said fluid . to flow into the flow port of another

cylindrical vessel throﬁgh said second flow port;
discharging at least a part of the remaining part of said

5 fluid through said fourth flow port of said cylindrical vessel

after processing it by said fluidiprocessing means within said

vessel; and |

causing fluid to be processed supplied into  said

cylindrical vessel through said third flow port from the flow
10 port of another cylindrical vessel to be discharged thrdugh said.

fourth flow port via thé interior of said éylindrical vessel.to

thereby obtain a processed fluid. '

24, The fluid processing method according to Claim 22 or 23,

wherein said fluid processing means is in the form of a permeable
15 membrane and said processed fluid is a fluid which has passed

said permeable membrane.

25. A cylindrical vessel provided with first,  second and

third flow ports on the outer peripheral surface thereof such

that said first flow port is provided at a position near one end
20 of said.cylindrical vessel, said second flow port is provided at

a position near the other end of said cylindrical vessel so as

to correspond, in position, to said first flow pbrt in the

circumferential direction anézsaid third flow port is provided

at a position not corresponding to said first and second flow

25 'portS'in the circumferential direction of said vessel.

33
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