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ABSTRACT A reliable simulation model for the hollow fiber reverse osmosis module for seawater desalination is

reported. The model introduced concentration polarization into the transfer equations, which are usually neglected,

combined with the pressure drop in the fiber bore. In this model, friction-concentration-polarization model (FCP

model), the membrane transport equations were derived from the solution-diffusion model and the concentration polari-

zation model while the pressure drop in the fiber bore was introduced with the Hagen-Poiseuille equation. The mem-

brane permeability constants in the solution-diffusion model were experimentally determined. The mass transfer

coefficients in the concentration polarization mode] were calculated by previously derived equations. The model was

verified by reverse osmosis using Toyobo’s hollow fiber module for seawater desalination, and showed good agreement.
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Simulation on Hollow Fiber Reverse Osmosis Membrane Mo-
dule for Seawater Desalination. By Atsuo Kumano (Research
Center, Toyobo Co., Ltd.) and Masaaki Sekino (Iwakuni Mem-
brane Plant, Toyobo Co., Ltd.).
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R REABED . — A
Model HR8355
for seawater
Nominal productivity [m’/s] 14X10*
Nominal salt rejection (%] 99.4
Standard operating conditions:
Cr [kg/m®] 35
Pr [MPa] 5.5
Tr [c 25
Re [-] 0.30
Dimensions:
Di [m] 0.04
Do [m] 0.19
Ls [m] 0.07
La [m] 0.99
N [] 5.98 X% 10°
7 [ 0.55
S [m?*] 361
Characteristics of hollow fiber:
do X 10° [m] 163
di X 10° [m] 70
A [kg/(m*'s- Pa)] 29X10"°
B [m/s] 8.1X10"°

Hollow fiber module

Product

Heat
l exchanger
] A A
Booster High pressure
Feed tank pump pump
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EEREHZ, RBKELT, 30~45kg/m* BE
DEFEALF 1V v AKBEKE, BUIREE LT0.1~0.4,
BIEESE LT5.5~6.5MPa, {REL, 20~40°CD
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RIZZDFCP = FAEFERDETFA L EE, B3
TH0i, FEANRBERYER LA NF =71
(Non-Friction Model) &, EEDOEESERY EH L
7oNC <% F /A  (Non-Concentration-Polarization
Model) ZZFHRE L.

NF € 7 A DFHELFCP £ 7 M ICE\ T, Py=P,
ELTITo1n.

NC € 7T, FCP €7 A EWT, 9,=1.0&
LTCEHELL.

(8.1~ X8 4ic iR BE, BIRXK, FH, BE%
RGA— g -, FEOKEFAR X HEEMEEEN
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Module:HR8355 40
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Cer/Cr X 100 [ — ]

Module : HR8355
P.=5.5MPa, T;=25C
Rc=0.3 0
251 o Experimental
FCP Model
NS —-—-= NF  Mode!
N e | NC Model
200 N .
7
@
T 15}
b
-
X 1.0
N
G
0.5
0 30 35 40 45
C: [kg-m"]
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Module : HR8355
Cr =35kg*m* NaClsoln.
P,=5.5MPa, T;=25%C 1°8
) Experimental [
FCP Model =
[ | —-—-- NF Model 106 8
......... NC Model T
X
{04 &
=
g
(8]
0.2

25+
2.0t
o
T 1 .5}
k-]
T 10
&
o
0.5
0 0.1 0.2 0.3 0.4
Re[—1
2
(ERRDOEE)

K8 FCP ®=FAEHEEDEFAOHE 1~4

8.1 TR RBE N A b LEREBEL LT
HlBERBEIED L, PEAAREBERI /PN
Ko FDOKRE, BABEICDWVWTIZNF £ 7 4L
FCP = FAEHAT 5. K8.2Tik, BEINEAE
&, BHRERTIEIVNE L I WV EROBRE S AKX <
BT NC € F A4 TRER@EEOMBIXE e
5. M8.3THEAKEIIED &g LhZ2HrA
FENFR L INT 5708, NF €74 OEREE O
BIENEICKEL S, K8 4TRERKENR
B Lt 5 e E KR OB E L AT NF
EFACERAE L OFBESBEAL TS, Tihbb,
NF, NC = F A 3tic EHIfE & OFMEL A Z <, KR
KEFEY . LV OBEBEENKE 2, NC £
FATRT I A V. BEEORBRESRK, F7E4
HIRBIEIR % A £/ L 7oA FCP = 7 /i3 EHIfE
LOBAMIBIFTHY, KETFLVOFYHEIBREE I

F 746 A

bbbt v e s 2 b 8 i gt o ) 4
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B 0FC B I OERERBRPER IR TERL. 22T
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Modute : HR8355
Cr = 35kg-m™* NaClsoln.
Te=25°C, Rc=0.4 1°
25} o Experimental
FCP Model
—-—-— NF Model
ol | NC Model
—
“E 1.5}
=)
-
% 1.0
B
(o]
0.5
0 : : y )
5.0 5.5 6.0 6.5
P: [MPa}
3
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Module : HR8355
Cr=35kg-m™ NaClsoin. .

Pr=5.5MPa, Rc=0.4

2571 o Experimental |
FCP Model
—-—-- NF Model
20} e NC Model
E 15
=)
X 1.0+
E
(e}
05
° 10 20 30 20
T [deg.C]
4
(BHeRRE DR

Bl8 FCPxFNEPERDETNDHE 1~4

LIRE VL, EFRFCBVCTIAREWEEE LT
1.

BIEFF D, TCORLEFHOY I 2av—v v E
FAL LT, FCPETFARER L. Zhid, K&
;83 & LT Kimura-Sourirajan € 7 /L3 753 B RL
BETARB LORESBeTARXLH, Eeoa
— N X HUBEERY T, WEBEHEER YEL
L, PEANREER, FERERENRBEROG
Bz 4 4 Poiseuille X, Ergun A%x#A L, EFEERFR
B 1P AN ERBRORBERYF/F L TH
BHEYFERALTVA. FVWAFCP =T LVIIBE
EY 2 - AR EHBTAZ LNATE, £V — AR
SHELEDFENIFBR L > TER.

BtE, pEABYPREE O - — VITEEKRKILTHS
CRWT, HROERES S vV MRS KEK Y =7

EDOOHDL. S, BRI IO>ELTWS
hZe R RIMBEE 2 2 — LDV, BBRE TR L
FCP EFANI LB/ >BLHET 5.

E=2

4  =fKERHRE [kg/ (m?-s-Pa)]
B =¥FEWERK [m/s]
¢ —wHEE Chg/ ]
D =HEHRE [m2/s]
D; =FZEREREOHE [m]
D, =FhZEHREREDOHE [(m]
dp  ="2EAAE (m]
ds =% 2—7¥— FROPELHE (m]
do =HZERIME (m]
dp =HEREEE [m]
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Js  =WHEERTRE (kg/(m?s)] M =fRFEM@E
Jr =BREBA) 2 — AWK [(m*/(m?s)] P =d@f (FHZEHH)
Jw  =KIEEWE [kg/(m?-s)] T =#H
= T onn
L, =9Z=EHRED m .
oI .y N 1) HEEF BRI PR O BT OB, B
L_g =F2—7¥—F %B@q:‘::?ﬁﬁ@ﬁﬁilﬁ [m] i%%v 48-9, 70/76 (1992)
I, =HEROBE [m] 2)  Klaus Wangnick: 1994 IDA Worldwide Desalting Plants In-
Iy, =Fa2—7v—F HohZeLDBFLE [m] ) ventory Report 13 N
3) 516 BAROWRKILEMN & FHE~OERERE, =
— E _
m  =EAEGEE (=] —AVT VYT ey — v VETY L5 5-5-1/5-
N  =rZRAR [—] 2-8 (1995)
n =EASEE [—1] 4) HMA, HE BRCE K- BRRALER, LFT
P —FH [Pa] ¥, 55-10, 748/750 (1991)
; 5) Dandavati, M. S., M. R. Doshi and W. N. Gill: Hollow
Py =K HET) (Pa] Fiber Reverse Osmosis: Experiments and Analysis of Radi-
Q =Wi=E {m3/s] al Flow Systems, Chem. Eng. Sci., 30, 877/886 (1975)
R =[EINE [—] 6) Hanbury, W. T., A. Yuceer, M. Tzimopoulos and C. Bya-
. bagambi: Pressure Drops along the Bores of Hollow Fibre
Re =vA s LR, do VBP/M (—] Membranes-Their measurement, Prediction and Effect on
r =B H R EE [m] Fibre Bundle Performance, Desalination, 38, 301/318
S =[EEE [m?] (1981)
. R - 7) Rautenbach, R. and W. Dahm: Design and Optimization
S =¥aivyh #f' ,u/pD (=] of Spiral-Wound and Hollow Fiber RO-Modules, Desalina-
Sh ==y V¥, kdo/D [—] tion, 65, 259/275 (1987)
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