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Abstract—A channel spacer of spiral-wound membrane module was applied to a flat plate ultrafiltration
cell as a turbulence promoter in order to reduce concentration polarization in ultrafiltration of dextran(M.W.
500,000) solution. As a result of using turbulence promoter the permeate flux was improved by 13.8-114.4%
depending on membranes and operational conditions. Mass transfer correlation was modified by considering
variation of physical properties(viscosity, density and diffusivity) in concentration polarization layer. The modi-
fied mass transfer correlation showed better agreement with experimental results than the conventional one.
The modified mass transfer correlation is as follow :
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Fig. 1. Schematic diagram of ultrafiltration experimental

system.

1. Solution reservoir  11. Temperature con-
2. Solution pump troller

3. Pressure regulator 12. Back pressure

4. Prefilter control valve

5. Rotameter 13. Volumetric capillary
6. Pressure gauge 14. Solution recycle

7. Ultrafiltration cell ~ 15. Permeate recycle
8. Membrane 16. Sampiing tap

9. Porous support

10. Constant tempera-
ture bath
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Table 1. Characteristics of the GRS1PP, FS61PP ultrafiltration membrane by manufacturer(DDS Inc., Denmark)

Material Water flux(m*/m?h)  Approx. cut-off value(Mw.) Max. operating pressure(Pa)
GR51PP  Polysulfone 0.25-0.40 50,000 10.0X 10°
FS61PP  Fluoropolymer 0.30-0.60 20,000 150X 10°
Table 2. Properties of dextran(M.W.: 500,000) solution &0
at 25°C[14-16] 351 9 i Nm D e
Osmotic 882X (C+347X10 *-C'+ 1036 B IR
pressure(Pa) X1073-C% a5 "

1.121X10 1 +2672X 10" - C~4.227

X107%-C?*+2,163x107¥-C°
0.00104 - exp(0.01682-C)
995.8+0.3125+C

Diffusivity(m?/s)

Viscosity(Pa-s)
Density(kg/m®)

Table 3. Characteristics of turbulence promoters
Thickness Mesh

Material (mm) (strands/cm)
Turbulence polypropylene 0.80 5X5
promoter |
Turbulence polypropylene 045 7X6

promoter II
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Fig. 2. Permeate flux as a function of transmembrane pres-
sure for FS61PP membrane.
with(—), and without(---) turbulence promoter
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Table 4. Experimental data of FS61PP membrane(C,=0.5 kg/ cms)

without turbulent promoter

with turbulent promoter 1

AP Nz
ot e I Cst No I, Cow No
[ X 10° m/s) (kg/m"] -] [ X10° m/s] (kg/m’] (-]

049 631 0.83 160 315 144 106 744
1263 091 150 367 1.54 83 910
1894 1.01 136 436 1.56 78 919
2526 1.04 131 465 1.57 74 945
3157 1.07 126 491 1.60 62 1041

0.98 631 1.37 222 396 2.68 161 998
1263 153 214 445 2.70 160 1014
1894 1.76 198 558 2.83 147 1129
2526 1.78 196 576 2.88 140 1219
3157 1.82 192 604 294 133 1290

147 631 1.86 263 449 3.53 214 1056
1263 213 253 531 3.60 211 1084
1894 2.16 251 548 3.70 206 1113
2526 221 249 561 374 203 1163
3157 2.28 244 604 3.80 198 1242

1.96 631 1.99 312 365 3.92 263 964
1263 2.30 302 437 4.06 259 1009
1894 2.58 292 513 411 257 1029
2526 2.75 281 606 424 252 1092
3157 2.77 284 588 4.28 250 1124

245 631 222 341 365 444 293 978
1263 2,62 323 496 4.61 291 1005
1894 293 318 577 4.85 284 1095
2526 3.13 309 629 5.06 277 1185
3157 3.26 305 675 5.16 274 1226
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E3F o9} g w53t fluxe] Z7te] we} Table 4]
el upel zro] AAISE A mdR o33 2w
59 7te £9149 57} 05 kg/om’Y 5 < 10-
50% HE FAdHes BoFm gk AAE AF
R Z &3 9Ed FEE bzt ds} A Fig. 340
ehi i) FS61PP 9tyc) B3 Rxle] F2(MW.
cut off : 50,000) GR51PP2te] Aoz 253} fluxe]
FACE 17.3-100%2 ¥]23tA] eyl a2t 3
Z2F9) Avhe o] FFEGE Y, 5 2 28y
FE 59 2AxA0) de} ZA W3 AL & F
slsdh

&2128 M3 X2& 19934 4%

FREAE 23 57 flux] S Ao
el 7] sted ot%3 fluxe] FAEE HER[(J,—
J)/1,X100]2 AAbsted, gt a}ol is) Fig. 4o 1}e}
ek o] Ast 5t fluxe] F718-E 126-1144%
W95 veldiglen, 53} fluxe] SATE i ate}t
=4 ¥t SN E, $ibige] AAYSTE
Z7vehe 73-g vElglE vl BEES d4do] AR
B LT FFEAE) G371 F713HE 4 5 Aok

FHEAE I w8 W4 =27](mesh size) 7} 23,
A7 %S dF2AE UF AH4T GRSIPP oo o}
53 fluxE IFEFAEL AR 9L A 2 3F
A E [& A3 799 945 7 fluxe} 8l x3led Fig. 5
s} 6ol Zbzh el gl vl GdFEAE 118 A3 A9
527 fluxe ZE 2A2A P94 dREAES
AHgElR] ok Aol vle Fobsll o k(Fig 5), FF
FAE 1§ AHF A5 SoEedE nAA Eaqid
(Fig. 6). ol& dFZFAE 119 #47} FFEHFHE 19
W A GEFEAES xdel AR o, @
FEA S 93 FleiAle 4R wye] AR o)z



FRBUEL o4 Yool FHEE 4 149
Table 5. Experimental data of FS61PP membrane(C,=1.0 kg/cms)
without turbulent promoter with turbulent promoter 1
AP Nkge
(x10°Pa] [ J Con, Na I Cun, N,
[ X10° m/s] [kg/m’] [-] [ X10° m/s] [kg/m’] (-]
0.49 625 0.79 160 337 1.07 151 477
1251 0.86 152 383 1.22 136 591
1876 0.93 144 431 1.26 131 632
2502 0.97 138 467 1.27 130 641
3127 1.01 133 499 1.30 126 670
0.98 625 0.94 238 278 1.72 214 571
1251 112 229 343 2.08 196 749
1876 1.30 220 415 2.18 191 807
2502 1.51 209 505 2.23 188 829
3127 1.58 204 545 2.30 184 872
147 627 1.08 283 262 2.21 257 606
1251 1.36 273 344 2.58 247 724
1876 1.56 267 406 2.83 237 847
2502 1.78 259 475 2.90 234 878
3127 1.90 253 527 2.99 131 916
1.96 625 1.18 315 255 245 295 570
1251 143 310 310 3.06 280 764
1876 1.71 303 383 334 272 865
2502 1.96 295 455 346 268 914
3127 2.08 291 494 3.52 268 921
245 625 1.27 342 245 2.70 322 568
1251 1.64 336 322 3.33 310 733
1876 1.80 333 357 3.68 303 837
2502 213 325 437 3.95 297 920
3127 2.34 320 491 4.25 292 1004
Table 6. Experimental data of FS61PP membrane(C,=1.5 kg/cm’)
without turbulent promoter with turbulent promoter I
AP Nrge
[x 10—5 Pa] [_] Jsv Cm bl3 NSh ];s Cm bl3 NSh
[ X10° m/s] [kg/m’] (-] [ X10° m/s] (kg/m’] [-]
0.49 620 0.59 175 246 1.00 155 467
1240 0.71 165 313 1.13 143 563
1859 0.79 157 363 1.14 142 571
2479 0.85 151 406 117 139 593
3099 0.89 146 436 1.18 138 603
0.98 620 0.79 239 246 144 223 483
1240 0.79 232 312 1.77 209 632
1859 1.11 220 367 197 199 733
2479 122 226 414 2.07 194 789
3099 1.26 218 432 2.14 191 830
147 620 0.84 283 217 1.76 266 488
1240 1.07 278 280 2.19 254 642
1859 1.29 271 349 247 245 751
2479 1.44 265 400 2.61 241 808
3099 157 261 447 2.79 235 883
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Table 6. Continued
without turbulent promoter with turbulent promoter I
AP Nge
[X 10~ Pa] [-] 1 Co Nss Jus Cot N
[ X10° m/s] [kg/m’] -] [x10° m/s] [kg/m’] (-]
1.96 620 093 316 209 1.83 302 437
1240 117 310 268 2.35 291 586
1859 143 304 338 271 283 699
2479 1.62 299 392 297 277 787
3099 177 295 435 3.07 275 822
245 620 0.97 341 197 2.08 328 447
1240 1.25 337 258 2.59 319 579
1859 1.57 330 333 2.95 312 676
2479 1.78 326 385 3.08 310 712
3099 1.94 323 426 3.38 305 796
400 160
b Co = 1.0 Kg/m®
140 | OEN"f 625
350} o ::‘, R r e
R <10 2 -
E 300} e
o Z 100
= g
J 250} é 80 -
o
b3
x 60f
2001 3
w
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150+
20}
100 1 1 1. 1 1 0 1 | 1 1 1
0.0 a.5 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
PRESSURE (X 107 Pa) PRESSURE (X 10™° Pa)
Fig. 3. Concentration at the membrane surface estimated Fig. 4. Permeate flux improvement as a function of trans-
by boundary layer resistance model as a function membrane pressure for FS61PP membrane.
of transmembrane pressure for FS61PP membrane.
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Fig. 5. Permeate flux as a function of transmembrane pres-
sure for GRS1PP membrane.
with(—), and without(---) turbulence promoter
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Fig. 6. Permeate flux as a function of transmembrane pres-
sure for GRS1PP membrane.
with turbulence promoter I(—) and II(---).
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A;  :virial coefficient, i=1,2,3 [Pam®/kg’]

a : coefficient in eq. (7), (8) [-]

Co : solute concentration in bulk solution [kg/ma]

Cn : solute concentration at membrane surface
(kg/m’]

Cmu :solute concentration at membrane surface es-
timated by boundary layer resistance model
[kg/m’]

G : solute concentration in permeate [kg/m’]

D - solute diffusion coefficient [m’/s]

Dn : solute diffusion coefficient at membrane sur-
face [m’/s]

1. : permeate volume flux without turbulence pro-
moter [m*/m’-s]

Jos : permeate volume flux with turbulence promo-
ter [m*/m’-s]

k : mass transfer coefficient [m/s]

K. :coefficient in eq. (4), i=1, 2 [m*/kg]
: Prandtl number [-]

slatdst x31H H2E 1993 48

g oFd -

Npm  :Prandtl number at wall [-]

Nz  :Reynolds number [-]

Ns  :Schmidt number at membrane surface [-]

Ns»  :Sherwood number [-]

AP  :operating pressure [Pa]

R.., Ry : resistance of membrane and boundary layer
[kg/m’+s]

S : sedimentation coefficient of solvent [s]

T : temperature [XK]

A% : recirculation velocity of solution [m/s]

vo, v, : partial specific volume of solvent and solute
[m®/kg]

b3 : coordinate perpendicular to membrane surface
[m]

Jzojla X}

a, B :coefficient in eq. (7), (8) [-]

8 : thickness of boundary layer [m]

€ : porosity of membrane [-]

Y : coefficient in eq. (8) [-]

n : viscosity of solution [Pa-s]

fm : viscosity of solute at membrane surface [Pa-s]

P : density of solution at membrane surface
(kg/m’]

All,, :osmotic pressure of solute over membrane to

permeate (Pa]
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