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() Reverse Osmosis (RO)
(v) Forward Osmosis (FO)
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(v) Membrane bioreactor (MBR)
() Wetted surface mechanism
(®) Pore-flow (PF)

(v) Rejection

(1) Tortuosity

(v) Sieve mechanism

() Solution-Diffusion (SD)
(%) Phenomenological

() Mechanistic

(v+) Frictional Interactions-
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(1) Solution-diffusion-imperfection (SDI)
(v) Partial molar volume
(®) Film Theory Method (FTM)

(v) Extended solution-diffusion (ESD)
(f)Zhao Y. et al
(%) Steady state

Archive of SID.ir



Archive of SID.ir

VF+Y b)m FY b)sb

o Olyss mlo b ol slie sl p STy clajls )
4 S ¥ allas 5 LS00 L aogisyd ool 2l jLid ply p
Do oo 4o B ddlre Hlid 4 clale

i = pf + RTdIn(y;ny) + v;(P — P?) ©)

bosd Jeily Sl cwip 4 p) g 1) ceweS
Byl Ygamo g po )i (ol Attt g yo Lt g1 alls e
OBaly Je oy sl 298 00 0315 )3T alls 5 el )b
Coul ) G533 (ds) Ygano 355 Jlos! 8 dlslao 3 Sl 6 Ll
ol o L s )3 39390 dlg0 b Lie (3> 93 13 9390 Yl &S
Jodlly Sl slatiogyy (b3S 8 Cunl (gne cp 28 cpl i
(Db 3l g0yl dgmg 0 Cew b Lie oo Sl ol
P slons LS Gy )3 183 5 Ol A (e 0258 () b
cslaanl® it gl b )i (2,8 cpl sl Lid (9, 1S9 Jlada |l
Olls gy 5l i 355 Ale (63150 jd Jg o3y 3ol olie
[YEY0 s 3olo (0,8 opl sl 187 LS xdaw Gls &S

3994 - J)bul LSL"-’LS)?:” 5 L”s ‘_;lf Y olse )| odléz! d‘)—f
S o 30 dslee o (sl (G5LS s ol — 0y g
St b s 2 o8 350 485 5 6,55 92 0§
IIY=YO-YV] 0o duolie

liond sy (L3S g andls dg2g )Lid (Lo,S'SD s
¥ ¥ dblee oS5 dontiyd ol JMo b bol)5 51 b
LYV ]ad o & dolre 4 oo

o RTU; de; #)
¢ dx

RTL;

D9 (030l D (Jege 3985 o po | o py S Jygod
Al o Cand Y dilae oty g Sb 9 alie £ Alslao

dc;
Ji= —Did_xl v)

ol Lie Colbus Y dolee J1,S0) doeis A doleo

Ji = =Dy o ; & (A)

oblyS 1 b plesd Jeily obolS PE slaJse )
4 e ¥ g ¥ dble cuS 5 cdale Lol)S 3505 50 g Cowl Hlid

O)Se2 9 992l Guxo

Ol (somd (owrdiges 5 oo & yuiid

4 )
3Gy —
dac
D—
&
JWCy
C P
f c,
- J

[YFlisokd ¥ (5,505 Y S

o plp ekd aY g eipd e L LL el
b sl ablas (g5 S o pgee LEE 1 oS ol Slonigds I
12 o 4 ) ) dolee

dc
__p* \
Ji= =D+ ()

a okd OY (g0 bulyd cou ) dolee I 8,5 1RSI
2l oo Cod 4 Y dles

— Jw
[Cm Cd] — oFy (v)
Cf — Cq

ol A_Ql.» & 6-‘4“4 )l 39.0., ST Di/x =kp a)slze LJ"] 5

Qs> — 08> 9 39 — I Juo duilio
ol 3 9l o2k o 1 3 ol (Seeliadge s Juol
&S S a8 1m0 (59500 g it ditunly S0uSo 4 (B oS e
(1) ol Jadlis (b3],S 95 oo i 0083985 03le 8 p sl

2571 LS s o el o Cj

2,8 0 ol

Y dblee jgods J; (g cm™

du;
Ji=aVi = CiUid_xl ()

ol 15 oleowds Jomily bo1,S dp /dx ddlxe ol 53
(o308 9 Lod g )Lid (Lal)S a5lo) Jgamo oS oo slag s (ales
g 55 5 355 4ods st Juusls (3lS 55 25155
LYEY0ed o ¥ dolee dlusgdy HLi 5

ableo clale g jLid & A e (glagys (0,S0gde b
g o 031 isled ¥ dlalre S5 4 oleawd Jumsily

Do oo A ddleo du; = RTdIn(y;n;) + v;dP (¥)
(1) Electromotive force

Archive of SID.ir



Archive of SID.ir

o goksd Y D95 9 395 — Mol (oS (5558 Arwgi (o)

VF-Y &) D)l.o.n.:} ‘f"b)gb

Ol (somd (owidites 9 (ound &g gl

([YV] 51 o (g9l 3,5) Wisg 3 woly, C¥dlae Jo (gl (3l 085 g 3985 JYouil Juto 93 Cilud 48 BWET g il oy pr =Y Jgun

Lt Job 5 sl Shy )

- PF) oo (59) 25 S
e ity Jolome )Lt L ol 5 p) s
‘ - ) oo ‘_;:Lm-w J\WLJ 5 L‘>|)§
Dybse Ol clald (b3S g0 Lo o4IS D9 )
= = (i) I culled dmseio

Feder S0 g S5 el

. b g 5o oS 6l
GEOIRR 9 PO )

Sl g Sy ol

w]wwua)b)ﬁsw

b Lie Byl o0 sl Joloes )

(1) (2loossd Jomsliy jlado

Dgds g0 ol Lis ¢ iog Suo J8lis 49y jl 0aiS Dot dlgo gl

LS)Z.}sLML U?)') b..\MfL)a9‘)5 .3190 ;MJM> sl L)“’Lw‘)J
A3 o &y g8 — Mol slalie WS15 cde 4y L Lm(j

il S

A y

oot Joilys H bt iy, H _
\ P& YiNi 9 P i Sl
Jeio P pa— cind 09 3 B3 5 Jgloxe D9

Joe i bl S, o Lk

~_

Dl e Jlad amseis, ¥l

%‘\‘1\‘\ XS 3905 dlge gl 0950
/ /// B
\. J
Ol A 9 5
i+ I—
q _ JSe 95 glalid
1 cmdyl gl
4
il
g "'r gzl i1 )
ol by
Jlsia g Sue lalid
v s T e st g e gl e
H”y’g" [I 525 JoHSSs 550 By o] glaliti
_____________ N B IR F
w5150 g ofed gLt
crtgins ol ] Sy ¥ U g3l gilurlax 355 Yol
) {
&l (gl 3 gl

LYY]0 09y3 51 o9l walyd (silwdae sl (ool ) Jdo o2y 9 i 03151 o bLI )1 - ISULS

44597 LSD gPF Jio 93 (6,0)5 63930 ¥ IS5 3 yimods
ol L S pl s do g bl odds jasuiie Lie <l yas ol

SilwJde slyp oyuin <l 51 SD Jue die clyas ojlul
el )10y 0 (ol ol 5 Al

Archive of SID.ir



Archive of SID.ir

YF+Y ) o lowi FY 2,90 Ol 5 (gl Cpuxo Ol (comd (e § (comnd A guiid
4 . o I dP
ERERE = Ji=ac ()
dx
¢ A J5dsce Lms 5 3990 5Lt 3l,S SE Aol oyl
CT ) 1 . lﬁ . ‘.J l‘ .
. > )3 g g (o) (P8 ey b (ldly o
r\ Sl ol cu o opl bl o Jodsiie basre cunlo 0058 uSsio
Ce 5 o s bl s wile Lié g)ksle (la yzell
S e ° ol s Job )35 dslas ) (638 Sl b el Ui i
[YALT o cawd 40 Y ddlre &yguods gao >
- ol ol P.—P
o ]L:A(Ft P) ()
Seed gl -
FTM gSD (5958 3 (o oo yow! (sl Jho drw g
j \ Jds & PF Jg wiloadisaslyl VA )8 3 PF 9 SD Jie g3 y&
. S e PR ) ams bl b Jgene Sz bl 4 o] (g5 o9 S

IYA]PRO [l , Lops JUSI-F S

Lale Jglone G > (soml Sl T biles ]
b go Lo Jgloxe o CLE Cy 35, Jgba Caamw il G
SR UL PR

(AP = 0) ()1 ;Lid 355 o

C L4 . on otz e
(2 =22) ioml )Lt 5 odigh Jo Cle e dla
Ui Caows 93 )3 (2B (ale gnlio S (992 52U @

lﬂal-é J?l?(—ﬂ Cows (.5)“'“"‘ )L.u.é Ty ‘AT[Hi > B _]W °
lod Sl VY dlaleo g0ty lalasly FO 4 PRO dlre JsAs
Jw

“K " Amoy +B+]y

IV g oo iy VY ddlee jgods K cdlolao oyl jo

g=8_3 (O¥)
eD D

s oy p2 3y90 |y SYolao 55 [WN-YY ] Koo/ g (S0

Fooamd b o Camore (¢ Soaddinlil Jae (o0 VAY .
by )5 @ (yenly okt o b5 sl g pis (gl SD Jae
(Mo Vo 550 and 13 wsSao jowl lalllas pls] 48,3 ol b
0329 (503 S 33yl (63Mo Av a3 il ax SD Juko ploxil oo
DY g ol sloanld (gilwand g ilo e dinej )
5 g3l 0o el bl oniatly) cladlslas 15T g i g Lo
(PRO)" sy L8 L ool g it ool (st )3 0595 > g
kol Cum 33)5 00 VAAY Jlo o [YAT /K00 9/ ingh &
I3 05 PRO 1yl S8l (550 agi (sl bl ) gl
(SD-FTM)°® ok (6555 9 3985 — JMosil (sl 95 (slise 32 o]
565 adale ¥ S 5,8 ) U L dpslora (gl ], V) dsleo
Aad e Uis PRO wils o 1) sigis 9 ol Jli cas g
b d9ry uaiiins jousl JLi8 b a8 ul (ol ST 5>
Jowol 0108 55 Al oo Wil (605,118 Cp 9 ()1 (Sgy
Wk 8,58 S8 oo Coms 4Lt b 42 (58 by
9 Srowl JUiE G pedias Ay (55 L oudell)] dlae
D9 g0 V) dblee &jgoa auld (39 Ll g clale

1- &exp(]wK)
C

Ll GamlipMNy albee gl 1) (S5565S Laily) g 0ols 18 Jw=A|m,—F — AP (V)
13,5 &)l o 5.3, g o Laylis cls 93 0 )l 5 B 1 - lexp(wK) — 1]

(1) Darcy (v) Tortuosity

(v) Pressure Retarded Osmosis (f) Lee K. L. etall

() Solution Diffusion- Film Theory Diffusion Model (%) Loeb S. etal.

(v) McCutcheon J.R. and Elimelech M
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(1) Dilutive External Concentration Polarization (DECP)
() Dilutive Internal Concentration Polarization (DICP)
(®) Tan C.H. et al
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() Concentrative External Concentration Polarization(CECP)
() Concentrative Internal Concentration Polarization (CICP)
(%) Hydrodynamic flow development length

R = cole

Archive of SID.ir



Archive of SID.ir

VF-Y &) b)lo.wcf"b)gb u‘)M9w’hbuM¢w u‘ﬂ‘wstwa
Ve e ERRRR R ERARR R e e e
$loE-e§
mBE [m] _...—
Fe o mE !— -
n®--""
™ -

o - !’ 9
4 }' N FEs
‘-\ ¥ | )
- m =
% , BN
E v x
QE. " | ‘._'-.-. .'.'. :_3'

o o®® o-®® < e
v ~ .® ® (Y/+Umin) (220 = oepee
/ 2 (Y Umin)  olKea 5 o6 Jse
v [ ) |:;-.A:.Lf_j,b..\:\uq_jwqi)=i:u,‘...,\ ')‘_,J.” #:‘J“ (¥/+ Umin) o5 g Shadl Jao
/ N P .
1 L ! : ! L ! ' 1 [+Eex t + + > 2 - =
S Y T " N A 3o Y. ¥ [ B+ $o Ve A Qe Yoo

(M) 54385 Jylomn il
S cdale—,Lid Jad il g i sl oo (oddsd du o —F JS
JYF]e] LS amsloce

sowl 3ulyd 5 oxigd > esSne 5L [YPT ) lKan 5 g

Silodse Lis B)b 93 o )3 ECP (58,5 iy L ) waditene

0P UsS 55p0 baalpd w3 ) dlles jllagl jolate (s Ailod)S
105 Lol YO doles plosilp o wlas 3 ISl

Jo=B (QXPUS‘KUCSZJ/J S G SW)“"(/sﬁcf)) (ve)
Solds ol Ol 4 oxgd o jLs Jolre dow Alee oyl y
2o g Shodl sladsles g guw lawgs sdolcuwdds sladlslee

il oabodly LS ¥ Jads p

ICP 15U oo a5 3] sladloles o5 ol 5 (S5 caols]
9 o bawg 3,5 o 5 > 1) CECP 4 DECP 5l o 4
b e ot daly g b gl s 4 [TVl
Y8 dble Spgods |y Ol Jlo dble while g (gieml
10,8 dwlee

ovex [ (2 4 25)] - oo (1)

w 1 S
*7tew () —ew [ (5545, )}
ShlE galia) M o8 Gl dbles cpl > &Sl aaa gl
e Jusl Cops e Voo plo My g oai bl
ol pla aiS Jobre o Slygs dhase [0 odgd >
ok OYolee yadly plas JolS & ygody ddlee oyl ccunl ous

(¥%)

Jw =

() S 33 Sl 3
S 51 dawlowe )3 Shadlg GU 05Uy 5 )0 dunlio -0 JSUb

N\l ™) SU0 (g9 biS Jglone Cuows (5 jouw]

Laminar Flow (Re<2100)  Sh = 0.332Re%/25c%/3 (YY)

Turbulent Flow (Re>2100)  Sh = 0.04Re*/5sct/3 (YY)

buwgy o_\,;’sasl)l JAA 3y L5 | MB)’ 3)199 C)" 2 0gMe
u\» oy ] s s \“\‘] s 5 S
AL-FW 5 (68550 > Jsle Cuaws 3 Jled 4Y) AL-DS cdls g3
Jie Jy e (AIFFW) FO sisls (sl dni b o) &5
(AL-DS) s )3 42L; 0128 Jglowo calé &8 _dlga )3 s
S oo My o S (glaaes b (70 ) j205) (Fj ST il
el oaodly s S > sl g s e sladons
) ICP T (53538 pb & (tols iy i L [YOT ) lSen 5 o7
i joSg 9 058 > )3 ojlul wille) sl (sla Shg plo 4

tt
)

(v%)

SIS Sl Slg oo ghe JSSS jlade sl o pod LB s
b i 8 i 4 (6) 3y s il S L

A o yidey |y INV)h (S bl ylad
(1) Tang C.Y. et al. (v) Zhao S.et al.
(v) Constrictivity (/) Suh C. et al.
(&) Bui N.N. et al
B3 = sole \AAS

Archive of SID.ir



Archive of SID.ir

VF+Y D)l.o.n.:} ‘f"b)sb

o goksd Y D95 9 395 — Mol (oS (5558 Arwgi (o)

Ol (somd (owidites 9 (ound &g gl

Y] Shad g s sBJd0 Sgld5 - Jgao

4 Ko g g Jao

ol e 5 Shuodl Jua

\

Ci= (Com+Js/lw)/expUwK) ~Js/Iw
Com = (Con+ls/Iw)/exp(w/ko)—Js/Iw

Crm = (Crs +s/Iw)expUw/ke)=Is/Iw

Is :B(chb +Js/Iw)/exp(JwK)exp(lw /kn) Js=JwCos/ (1+Jw/B)exp(wK)-1
el Cim=Crp=0, Com=Cpy

Crv=Js/Jw)exp(Jw /kr))

C,-=CD,,/eprwK)( elsp: Js=0, CDm=CDb) (G) Vi Juud Y g ooy Yyt 30 Y 0 ouigeds Jo ol
Com = Cpp/exp(Jw/kp)( cheip: Js=0)

Crm= C;bEXpr/kF)( Slwsd 1 Jo= 0)

(Com) ol ar¥ Cuows p5 Lid s 59, saiged Jo Clilé

(Cn) Jud & Cuomw 2 Lié gl 595 0iged Jo ililé

Us) S pogSins i

J
owgi > gl F i 20 dmilne
Showl U8 o s daly (o) 5l B awlre plSia
YA dboleo 3o clls ol )0 05 oo odlitul okgi > clale 4
oe (s byl ool el cope S lgiea @ el ‘_} %
S oo 8y il g g
mT=¢@XC (YA)
bar L

w8)5 jlai )3 +[A+d == plp @ el jlade diged lgisas
oMb asuie b el jlael ;Yoo VA clale U &S 545 o
SaS g 00548 B9y el Ol 2lsl s g el ol Jade
Gib B e oxigd > 9 ol )Lyl (25 slmodls 5l 85
[YA] 5 o dpwlee YA dlro

_ Ul Ya
B—q)><A><|]S| \Y

Uik 55004398 Cuoglin yoo! )l dsuline

lodly LY. aolee il b 9B g A jlade dwlos 5l
sl xS Joloro 65 slaclile > O Jla
bl o cand 4 (K) Li (6 p3dois Canglio

1 B + Am
K=—In(z—r—ran—) ()
]w B+ |]w| +A7Tf,m

Glp Cwl ECP gy pas Woleo pl ol 5,8
lacie o | b oo (228 Slapialejl 3 1258 cnl )8
Mol 138 5l 5 2l Yl oxniS 5 Shos (slaloone e
oolamwl  slie abise ) cawlio GbW dbul cqs
[YA-YY]555

: .
[ AR AIA Y- Yo ¥

(atm) Sdgyame jLid

S oA O W (atm) (Sdgpa L8 T dulie -V IS
AG® ‘_;l.hl..&é) O LeS lis aw lp (gfd — pnm/s) Lis 3!
RO sulyd yogasw 9 GE Osmonics s ,mé calw CET

¥ (FO sigly ogasee CTAT cli

Lis sl ol )y Comt
008 wyawd ) Mojld eatime jew] olie (gilw Jde
8lioe (5 pdidedl Cunglie el K g 035940 >
107 (gl 5 o 30 dpilono
93 ) g o odliul (P— o 5 ,Lié Jlocl) RO alKivle)]

@‘91)J o po )gl)g YV dilee 3o )")9“" L)" s 35550 oy

Jw = AAP (YY)

(1) Polyamide thin film composite membrane
(v) Cellulose Triacetate membrane

Yy

(v) Cellulose acetate asymmetric membrane
(¥) Spacer

R = cole

Archive of SID.ir



Archive of SID.ir

VF-Y &) b)Mchb)gb u‘)M9u~’§buM¢w u‘ﬂ‘wstwa
/ Joloo oy Jsloe (y34381 J’j::;;’ﬂ \
BALLS BnlS —
e ) )
B
<
Cor
w125 bl c Cor
DYy
88 Jole |, ¢, DA
‘‘‘‘‘‘ Slygs Jglome s G 0 R R [ -2
olej|—
J Yo
J "
b (g 08 031050 gl CunoS w.¥ J ’
_ J J F=S‘2===========
<l 'JW-‘ w.y = = i“‘: ===
SR IS okige Ja gugfas i, U Js‘ Le=====
Jg! o0 293 als o ey dlye #ik 4oy
\_ AB,S s amslos sla kel J
[FY It (56w yiol )y 5 0sigabils el (ll i ug o dpuolono 0950 ~AJSS
u.’LM.c slrdbaso dusldo JYY] ICP u.a)f)b))b b ‘_;..L:.Lc Lig ot ol 3 dw (ylojpd duwlo

Cae Jho )5 [YACT )3 o] @il illae (SsS
OB b egSae g it ol sl (iluai
Boxs 5 Ol e e A IS5 53 [ VO]l 034 ajloliad
sl 95U ol dlaaso 40 ) u]bwl.uﬁ S o] &S o
d}mﬁ‘ 4\5)7:0 K9 &S Lie dbase )" dla:w.s 2 Sl 005 031
Sl g o baoes pl 510l (6 )5S Cas yus 0 by Gl jiaS
YA 903 oolal - | Sy g olis dbaioe (gjlodigs

Sl OYokee Jl yy odiplonl (sl giludind 503983 )lg
Saze @l LS e Rl 50 bajlo Lad 85 (o) 2 (50
ol bosds oaly ioles Ve S5 13 47 joboyla 58 0Ll L
45 5905 3l 1y by 3 B Wb )lg e bnjloliad Cunlio
092 3 2l ez Sl (i (Il 4 e plolyw el
Siwi g dwdin b plis daise 90 o dwlio (pl A ales Lis
lojlolas jl Slite (g s b g ol (295 9 52929
Doew! sasplsl

s ol 513 VY o 3 35[0V 5hlSen 5 ool
L3S (65w VY dslro Jo b 5 Netlogo )l38le 5 alowgay I,
liona o des 3l S8 5] 3 slagal o ingh oo

TY b dblae o LYY Jlo 5 [FV] 5hlsan 5 (i
by Jo s o0iiS Jolore Cuow DECP dgzg pis (15,8 L g
03,5 o clio 58l 5 5 ST )3 1, alsles ol 45 oo S &)
Jsloma gl il (6 Soilsl g A S5 pllas ctloyo ¥ b oriiS
ol dloyo oz o) (b 03igd o 5 o o2 )l 5 S Jglomo
ibn y55in Sl 58l 5 6355 LML

woverp [ ()] - mrver ()

- {exp( W) — exp [_]W (D%)]} (vV)

Jw =

aiiano Jowi! & § 33 o lx! Sl s jlwdat (5 g3 w5
W8S 58 ey 290 bl U oS 2Ly SYdlae 5 (6)95
sl 0391 (e b uiune jowsl Al (gilwdnd slue
1y posdiane Soul 4518 YAF=Y N claJlo 575 Kan g g5
Slod S & ilwdns OPENFOAM Jl38ls 5 1 doa IMoul (5565 (glins 5
Ol Sy by UK (o p bsiloand (ol Sua

(V) Tiraferri A. et al

R = cole

(v) Gruber M.F.et al

YY¥

Archive of SID.ir



Archive of SID.ir

VEoT ) b loss FYs,90

1

1
)
'
1
1
1

U

Shgs Jgoe  Lad 2sialS Jolonn

e S p3 Ol gl bl P oy )V IS
YV ] gans 90 o3l

S 5 4%
OFLS ladie 38 5 didy @ d2gl dlie ol
coon 4 pbid lyiehl dulos 5 (gjloJae )3 39— Ml
d«..>‘.>)4 oalms )“‘“’1 u.g“.w.c .L\.)J)B 5 LZbLJJuo L)?~‘ dxwgd 0650 g
s ale el M @ll adgl @Yol > Ll onds
RV Sl oados 485 jlai 3 S (Shge a b JolS
SPomels Byl 4 SYolas Jor 038 5 (53l Jae (Stuly
skt s ©Voleo dlis ol <yl b (lojyg e o5 039
ICP (58,5 aiyd il (U)an 5 copr Jio i) Joemn
S o el ) iloads 0dly drwgi Lie Byl 9> )0 ECP
sla el OS5 eyl s 55,5 i b sl s
02560 wsighs o s sl Sy LSl s 2B
Ko blyy wle da Jse plo el O Lo aulxe Jao
03,55 bl plojen Cjgo & 1) Jelgs ) ploi «Shad/
25391 03,5 o3l Ol )l dsloe (glys 008 03l s )3 5l g
Lt ol (sl ially (6,85 03 1) gy oSS & o ]
S8 4 (Ui o)kl el g oigd e ol 2l o)
6)bo sbalid (glp  2ibl laaxs 5 (o3ae Sl
L] oo J:E 60@‘«0)} 504 sl clalie dl)) LPYRT 9
@i o> (glolil avlne ©)a8 (I3 L 2580 it
il dige )3 6yt 3 )8 J oy (s uf CYolee

YYo

o ookd Y 395 g 3985 — Vol oS T (5,98 g (owy

O] (o (owrigen 9 (oo 4l

|| -

b
&

AU Fa gl S
. = =
& v

Ilﬁ.

°

WUy ol Sk g
¥

—

" (1) 3l 13 *
abdseo 90 43 (o] LS g b ya joas 0950 duylile -4 U
[YA] 08 LsS ol
AL
VFie
e g
4 H
> 3
G
- YR —efey (m;';( s ofoY JoF “ied
- - AL
| | |
= X { \ W E
| | | |
- 4 ‘ - . Ao
b e o T W

S5 52 e Lad (g5 LS sland (6505 )5y O 51 o2 = ¢ JSCS
DoJuis 5 gyge of (02

Lie b bl g Shgs Jolre Cuow )3 (b oy
i3y ol 3 Sl 85 )15 sy 3,90 st o )L (5
Ao (12 WV (go28 dolno Sl (5K g g5 (Gl SH
doacnlly (Jg cul sndoslitul (ghugd (slad Sy ol s
oo sl $95UsS oS slaJglons I ShKan 5 el
1038 o3zl S g Ol (o2 U5 (555 2 e ey cul

R F = cole

Archive of SID.ir



Archive of SID.ir

YF+Y ) o lowi FY 2,90 Ol 5 (gl Cpuxo Ol (comd (e § (comnd A guiid
390834 Sh SeS s o] clagilwans ¢ atih olae claislys
Shogl T S gbglen Bk gl il anil (28 laars 4 Cons
Lig cols t (2o}l clnodls b i liel 5| us b gjlodunss i ,SD
el (L3S (e 08158 b)) :LJL:: U Shygs g oaiiS Jolowe goi) Lie a3 baylyis u,.s)f)lm)a L
SR 5L el 5 ln Jolona plrale Cr 5 iy o] il
e .- . P .- .4 N s |ac
b @i wdin JS5) ol sladaizne S50 bl o (o g Lis
X . R . .
T e e e e N RO T
o i 6‘ e )l 1y @bl cliiog glaaty s StalS (sliuly 3 1, sl
OO o pd 8
S s e i
e ®
€ Water permeability coefficient / I lgl5 <o ps 2
o sl " p ”ty " <l QP e ps A
. Solute permeability coefficient /545 J> Iy oy B
ol L8 T
: Lt .
Tortuosity / iz, T .
clalé 5 ol Lt oxmsblifl el oy g ‘ g’g" e D
. lis dbize (Sgpan jld g
Sr e v Ry
i 5 clle oxmsbli) g cdld oy y I5¥ge 358 s 4wy <ol Enffn/g
. o9 J> 5L Js
b wgy) "
Sl 5 035 b <l Jw
. > Jsl oy K
e d J> oole &L); Y :
: oBgb e odle & s Jolsie Y Canglis K
Shhgs Jolore f > " 3910
. L
o5 lad i,n g o5
Lié gty g pShie a¥ ghaw o in oo
s m
- lajl5 b
claosgd > sw et R

VEeo /AL VB : oy )l € P99/ 00 /82 Sl s

JRUPIRE Re
Lie gyl yl)ly S

Caod| 342 Sc

&\ »

[1] UNESCO, "World Water Development Report Volume 4: Managing Water under Uncertainty

and Risk". (2012).

[2] Amarasinghe U.A., Smakhtin V., "Global Water Demand Projections: Past, Present and Future". (2014).

[3] Nikazar M., Jamshidi M., Reuse of Refinery Treated Wastewater in Cooling Towers. Iranian
Journal of Chemistry and Chemical Engineering (IJCCE), 27(4): 1-7 (2008).

[4] Garcia-Castello E.M., McCutcheon J.R., Elimelech M., Performance Evaluation of Sucrose

Concentration Using Forward Osmosis. Journal of Membrane Science, 338(1-2): 61-66 (2009).

R = cole

\Atd

Archive of SID.ir


http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/SC/pdf/WWDR4%20Volume%201-Managing%20Water%20under%20Uncertainty%20and%20Risk.pdf
http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/SC/pdf/WWDR4%20Volume%201-Managing%20Water%20under%20Uncertainty%20and%20Risk.pdf
http://www.iwmi.cgiar.org/publications/iwmi-research-reports/iwmi-research-report-156/
http://www.ijcce.ac.ir/article_6877.html
https://www.sciencedirect.com/science/article/abs/pii/S037673880900266X
https://www.sciencedirect.com/science/article/abs/pii/S037673880900266X

Archive of SID.ir

YFoY o) o lo FYo,99 e sokd Y D9ii g 39 — IVl (oS 3T (659 Arigi o)y Ol 5] (ool (owrdiden § (comsd & i

oalitl L L3 ol ogSae joml 2218 55 Ol bl 5 Sad (il gy 0315 4S5 oo o3 [0]
(YY) VeV oY)V o lolts uodigo 5 pple 4y 0 g5 018 i3

[6] Nematzadeh M., Samimi A., Shokrollahzadeh S., Application of Sodium Bicarbonate as Draw
Solution in Forward Osmosis Desalination: Influence of Temperature and Linear Flow Velocity.
Desalination and Water Treatment, 57(44): 20784-20791 (2016).

[7] Shokrgozar Eslah S., Shokrollahzadeh S., Moini Jazani O., Samimi A., Forward Osmosis Water
Desalination: Fabrication of Graphene Oxide-Polyamide/Polysulfone Thin-Film Nanocomposite
Membrane with High Water Flux and Low Reverse Salt Diffusion. Separation Science and
Technology, 53(3): 573-583 (2018).

[8] McGinnis R.L., Elimelech M., Global Challenges in Energy and Water Supply: The Promise of
Engineered Osmosis. Environmental Science and Technology, 42(23): 8625-8629 (2008).

[9] Achilli A., Cath T.Y., Childress A.E., Power Generation with Pressure Retarded Osmosis: An
Experimental and Theoretical Investigation. Journal of Membrane Science, 343(1-2): 42-52 (2009).

(oo el pits ol Lt )5 slad )l (gyg00 ol (B e 0ly S5 e Sgmly V-]
(V¥20) YFIA (AVD ol o

sousl gy 4 Sl ilogned wul g0 GBI (gl 11 (3 oy S e Sgal W]
(VWR0) s Lazmo (535 5 ple ((5590) oot

[12] Mehdizadeh H., Modeling of Transport Phenomena in Reverse Osmosis Membranes. Ph.D thesis
in Chemical Engineering.McMaster University, CANADA, (1990).

[13] Wijmans J.G., Baker R.W., The Solution-Diffusion Model: A Review. Journal of Membrane
Science, 107(1-2): 1-21 (1995).

[14] Bahoosh M., Kashi E., Shokrollahzadeh S., Rostami K., Comparison the Performance of
Different Reverse Osmosis Membrane Modules by CFD Modeling. Iranian Journal of Chemical
Engineering(1JChE), 16(1): 101-116 (2019).

[15] Gruber M.F., Aslak U., Hélix-Nielsen C., Open-Source CFD Model for Optimization of Forward
Osmosis and Reverse Osmosis Membrane Modules. Separation and Purification Technology,
158: 183-192 (2016).

[16] Seo J., Kim Y.M., Chae S.H., Lim S.J., Park H., Kim J.H., An Optimization Strategy for a
Forward Osmosis-Reverse Osmosis Hybrid Process for Wastewater Reuse and Seawater
Desalination: A Modeling Study. Desalination, 463(March): 40-49 (2019).

[17] Awobusuyi T.D., Concentration of Ammonium from Dilute Aqueous Solutions using
Commercially Available Reverse Osmosis Membranes, University of Ottawa, (2016).

[18] Wang J., Dlamini D.S., Mishra A.K., Pendergast M.T.M., Wong M.C.Y.Y., Mamba B.B., Freger
V., Verliefde A.R.D., Hoek E.M.V., A critical review of transport through osmotic membranes.
Journal of Membrane Science, 454: 516-537 (2014).

Archive of SID.ir


https://civilica.com/doc/868659/
https://civilica.com/doc/868659/
https://www.tandfonline.com/doi/abs/10.1080/19443994.2015.1111816
https://www.tandfonline.com/doi/abs/10.1080/19443994.2015.1111816
https://www.tandfonline.com/doi/abs/10.1080/01496395.2017.1398261
https://www.tandfonline.com/doi/abs/10.1080/01496395.2017.1398261
https://www.tandfonline.com/doi/abs/10.1080/01496395.2017.1398261
https://pubs.acs.org/doi/10.1021/es800812m
https://pubs.acs.org/doi/10.1021/es800812m
https://www.sciencedirect.com/science/article/abs/pii/S0376738809005134
https://www.sciencedirect.com/science/article/abs/pii/S0376738809005134
https://www.magiran.com/paper/1729454
https://jest.srbiau.ac.ir/article_9910.html
https://jest.srbiau.ac.ir/article_9910.html
https://jest.srbiau.ac.ir/article_9910.html
https://jest.srbiau.ac.ir/article_9910.html
https://macsphere.mcmaster.ca/handle/11375/6558
https://www.sciencedirect.com/science/article/abs/pii/037673889500102I
http://www.ijche.com/article_84432.html
http://www.ijche.com/article_84432.html
https://www.sciencedirect.com/science/article/abs/pii/S1383586615303865
https://www.sciencedirect.com/science/article/abs/pii/S1383586615303865
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjYuP2AhJfyAhVSxoUKHaB3AbIQFnoECAQQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0011916418324901&usg=AOvVaw1vRpoytIWeDLmv3KUq2TR9
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjYuP2AhJfyAhVSxoUKHaB3AbIQFnoECAQQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0011916418324901&usg=AOvVaw1vRpoytIWeDLmv3KUq2TR9
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjYuP2AhJfyAhVSxoUKHaB3AbIQFnoECAQQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0011916418324901&usg=AOvVaw1vRpoytIWeDLmv3KUq2TR9
https://ruor.uottawa.ca/handle/10393/34642
https://ruor.uottawa.ca/handle/10393/34642
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiA_e2yhJfyAhWk4YUKHWI_AYAQFnoECAYQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0376738813009873&usg=AOvVaw3NKS7YTsNyFA7VnYYlw0eb

Archive of SID.ir

VF-Y &) b)Mchb)gb u‘)M9u~’§buM¢w u‘ﬂ‘wstwa

[19] Vaidya S.Y., Simaria A.V., Murthy Z.V.P., Reverse Osmosis Transport Models Evaluation: A
New Approach. Indian Journal of Chemical Technology, 8(5): 335-343 (2001).

[20] Singh R.P., Medina A.G., "Food Properties and Computer-Aided Engineering of Food
Processing Systems". Springer Netherlands, (2012).

[21] Taherian M., Mousavi S.M., Modeling and Simulation of Forward Osmosis Process Using
Agent-Based Model System. Computers & Chemical Engineering, 100: 104-118 (2017).

[22] Gruber M.F., Johnson C.J., Tang C.Y., Jensen M.H., Yde L., Hélix-Nielsen C., Computational
Fluid Dynamics Simulations of Flow and Concentration Polarization in Forward Osmosis
Membrane Systems. Journal of Membrane Science, 379(1-2): 488-495 (2011).

[23] Fletcher D.F., Wiley D.E., A Computational Fluids Dynamics Study of Buoyancy Effects in
Reverse Osmosis. Journal of Membrane Science, 245(1-2): 175-181 (2004).

[24] Zhao Y., Modeling of Membrane Solute Mass Transfer in NF/RO Membrane Systems,
University of Central Florida, (2004).

[25] Wijmans J.G.H., Baker R.W., The Solution-Diffusion Model: A Unified Approach to Membrane
Permeation. In Materials Science of Membranes for Gas and Vapor Separation Chichester, UK:
John Wiley & Sons, Ltd, 159-189 (2006).

[26] Uragami T., "Science and Technology of Separation Membranes, 2 Volume Set". Wiley, (2017).

[27] Baker R.W., "Membrane Technology and Applications". Chichester, UK: John Wiley & Sons,
Ltd, (2004).

[28] Marchetti P., Solomon M.F.J., Szekely G., Livingston A.G., Molecular Separation with Organic
Solvent Nano filtration : A Critical Review. Chemical Review, 114: 10735-10806 (2014).

[29] Lee K.L., Baker R.W., Lonsdale H.K., Membranes for Power Generation by Pressure-Retarded
Osmosis. Journal of Membrane Science, 8(2): 141-171 (1981).

[30] Loeb S., Titelman L., Korngold E., Freiman J., Effect of Porous Support Fabric on Osmosis
Through a Loeb-Sourirajan Type Asymmetric Membrane. Journal of Membrane Science,
129(2): 243-249 (1997).

[31] McCutcheon J.R., Elimelech M., Influence of Concentrative and Dilutive Internal Concentration
Polarization on Flux Behavior in Forward Osmosis. Journal of Membrane Science, 284(1-2):
237-247 (2006).

[32] Mccutcheon J.R., Elimelech M., Modeling Water Flux in Forward Osmosis: Implications for
Improved Membrane Design. AIChE Journal, 53(7): 1736-1744 (2007).

[33] Tan C.H., Ng H.Y., Modified Models to Predict Flux Behavior in Forward Osmosis in
Consideration of External and Internal Concentration Polarizations. Journal of Membrane
Science, 324(1-2): 209-219 (2008).

[34] Tang C.Y., She Q., Lay W.C.L., Wang R., Fane A.G., Coupled Effects of Internal Concentration
Polarization and Fouling on Flux Behavior of Forward Osmosis Membranes During Humic Acid
Filtration. Journal of Membrane Science, 354(1-2): 123-133 (2010).

B3 = sole YA

Archive of SID.ir


http://nopr.niscair.res.in/handle/123456789/22926
http://nopr.niscair.res.in/handle/123456789/22926
https://www.springer.com/gp/book/9780792302421
https://www.springer.com/gp/book/9780792302421
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwies5X1hJfyAhVFxIUKHRmnAQgQFnoECAYQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0098135417300613&usg=AOvVaw3KajhdCafjLXfQd-JrYhS6
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwies5X1hJfyAhVFxIUKHRmnAQgQFnoECAYQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0098135417300613&usg=AOvVaw3KajhdCafjLXfQd-JrYhS6
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiRiueBhZfyAhWtyYUKHX55Dn0QFnoECAUQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0376738811004613&usg=AOvVaw2pFlHeENvdc02byuxGBI2W
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiRiueBhZfyAhWtyYUKHX55Dn0QFnoECAUQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0376738811004613&usg=AOvVaw2pFlHeENvdc02byuxGBI2W
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiRiueBhZfyAhWtyYUKHX55Dn0QFnoECAUQAw&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0376738811004613&usg=AOvVaw2pFlHeENvdc02byuxGBI2W
https://www.sciencedirect.com/science/article/pii/S0376738804005447
https://www.sciencedirect.com/science/article/pii/S0376738804005447
https://search.proquest.com/openview/c24fa2fa40cf04c6f34ab30930cf66bb/1?pq-origsite=gscholar&cbl=18750&diss=y
https://books.google.com/books?hl=en&lr=&id=Hc6ioeRc7p8C&oi=fnd&pg=PA159&dq=The+Solution-Diffusion+Model:+A+Unified+Approach+to+Membrane+Permeation&ots=p4RxIPpfsd&sig=weXENYnUSXvVdXbGR0GwMRvq8b4
https://books.google.com/books?hl=en&lr=&id=Hc6ioeRc7p8C&oi=fnd&pg=PA159&dq=The+Solution-Diffusion+Model:+A+Unified+Approach+to+Membrane+Permeation&ots=p4RxIPpfsd&sig=weXENYnUSXvVdXbGR0GwMRvq8b4
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjOjcrYhZfyAhWC8eAKHV1lDEIQFnoECAUQAw&url=https%3A%2F%2Fwww.wiley.com%2Fen-cr%2FScience%2Band%2BTechnology%2Bof%2BSeparation%2BMembranes%2C%2B2%2BVolume%2BSet-p-9781118932544&usg=AOvVaw1Hpil_UmctT0b5E51PwJKu
https://onlinelibrary.wiley.com/doi/book/10.1002/0470020393
https://pubs.acs.org/doi/full/10.1021/cr500006j
https://pubs.acs.org/doi/full/10.1021/cr500006j
https://www.sciencedirect.com/science/article/pii/S0376738800820888
https://www.sciencedirect.com/science/article/pii/S0376738800820888
https://www.sciencedirect.com/science/article/pii/S0376738896003547
https://www.sciencedirect.com/science/article/pii/S0376738896003547
https://www.sciencedirect.com/science/article/pii/S0376738806005072
https://www.sciencedirect.com/science/article/pii/S0376738806005072
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/aic.11197
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/aic.11197
https://www.sciencedirect.com/science/article/pii/S0376738808006741
https://www.sciencedirect.com/science/article/pii/S0376738808006741
https://www.sciencedirect.com/science/article/pii/S037673881000181X
https://www.sciencedirect.com/science/article/pii/S037673881000181X
https://www.sciencedirect.com/science/article/pii/S037673881000181X

Archive of SID.ir

YFoY o) o lo FYo,99 e sokd Y D9ii g 39 — IVl (oS 3T (659 Arigi o)y Ol 5] (ool (owrdiden § (comsd & i

[35] Zhao S., Zou L., Relating Solution Physicochemical Properties to Internal Concentration
Polarization in Forward Osmosis. Journal of Membrane Science, 379(1-2): 459467 (2011).

[36] Suh C., Lee S., Modeling Reverse Draw Solute Flux in Forward Osmosis with External
Concentration Polarization in Both Sides of the Draw and Feed Solution. Journal of Membrane
Science, 427: 365-374 (2013).

[37] Bui N.N., Arena J.T., McCutcheon J.R., "Proper Accounting of Mass Transfer Resistances in
Forward Osmosis: Improving the Accuracy of Model Predictions of Structural Parameter".
Elsevier, (2015).

[38] Gruber M.F., Johnson C.J., Tang C., Jensen M.H., Yde L., Helix-Nielsen C., Validation and
Analysis of Forward Osmosis CFD Model in Complex 3D Geometries. Membranes, 2(4): 764—
782 (2012).

[39] McCutcheon J.R., McGinnis R.L., Elimelech M., A Novel Ammonia—Carbon Dioxide Forward
(Direct) Osmosis Desalination Process. Desalination, 174(1): 1-11 (2005).

[40] Geraldes V.V., Semido V., De Pinho M.N., Flow and Mass Transfer Modelling of Nanofiltration.
Journal of Membrane Science, 191(1-2): 109-128 (2001).

[41] Tiraferri A., Yip N.Y., Straub A.P., Romero-Vargas Castrillon S., Elimelech M., A Method for
the Simultaneous Determination of Transport and Structural Parameters of Forward Osmosis
Membranes. Journal of Membrane Science, 444: 523-538 (2013).

Archive of SID.ir


https://www.sciencedirect.com/science/article/pii/S0376738811004601
https://www.sciencedirect.com/science/article/pii/S0376738811004601
https://www.sciencedirect.com/science/article/pii/S0376738812006321
https://www.sciencedirect.com/science/article/pii/S0376738812006321
https://www.sciencedirect.com/science/article/pii/S0376738815000988
https://www.sciencedirect.com/science/article/pii/S0376738815000988
https://www.mdpi.com/42664
https://www.mdpi.com/42664
https://www.sciencedirect.com/science/article/pii/S0011916405000226
https://www.sciencedirect.com/science/article/pii/S0011916405000226
https://www.sciencedirect.com/science/article/pii/S0376738801004586
https://www.sciencedirect.com/science/article/pii/S0376738813004109
https://www.sciencedirect.com/science/article/pii/S0376738813004109
https://www.sciencedirect.com/science/article/pii/S0376738813004109

