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Abstract: The effects of varing axial flow rate and solute concentration on the performance of both module sets made
by different methods for active layer formation were compared and determined. All experiments were conducted
simultaneously at the same transmembrane pressure and energy consumption per membrane area. In every comparative
run between the presence of Dean vortices in a helical module and absence of such vortices in a linear module from the
first module set, the solution fluxes and permeabilities were higher, and in some cases substantially higher for the vortex
flow. With pure water, the permeabilities of both modules from the second module set were different and the flux in a

linear module was 150% higher than in the helical module. This explained both module membranes were totally different.
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2. 1. Nanofiltration
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2.2. Dean Vortices
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Fig. 1. Secondary flow pattern in the cross-sec-
tion of a curved tube[11].
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Fig. 2. Helical pipe[ 11].
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Table 1. The Specifications of Helical Modules for 1st and 2nd Membrane Module set

Specifications Helical module of the 1st set Helical module of the 2nd set
Inner diameter of the tube, d 0.269mm 0.277mm
Outer diameter of the tube, d, 0.620mm 0.560mm
Diameter of the rods, d.. 4.760mm 4.760mm
Fiber length, ¢ 750mm
Amounts of fibers 22ea.
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Fig. 3. Design of the helical membrane module
and magnification of one rod.
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1=Pump 5+6=DBall valves
2="Pulsation dampener 7-10=Pressure gauges
3=Needle valve 11 =Spiral module
4="Tank 12 =Linear module

Fig. 4. Flow diagram of nanoflitration apparatus.
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13-16 =Flow meters

17, 18, 24, 25=Metering valves

19-22 = Valves for sample collection
23 = Temperature gauge
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VA Ax=Egled, 1344kPa(195psi) & AFAel] oF
o] Awsir}. o|2{qt o|f wfFoll 1379kPa(200psi)
oA EFHHe R 257 A)2tgtct. Pump2t damp-
enerz 4ol e F% T(05” Swagelok,
length 900mm, 316SS)& & A= Sl

Pumps 6895kPa(1000psi) 7] t3#g €8 4
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3. 3. Experiment Program

te @4 FEE3¢ F4A1717] 9% Dean vorti-
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453 44 sx9 23U} SAHdY. 449 BF
Aol HHAT AR YA A 7]zt
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H3 fakel Fo2 M. 7)eAql Bl
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3.3. 1. Pure water permeability

A AFE g5 &5 FHALE A8
3t 2eFEA FHEGD. 5 FEEL B
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Minneapolis, MN), ©]& & 7)9} UV 4F7]E 7
AA HEoiFoh 2E4 AL HEm|d o)
A 2Asgla, S 1.8% 1.9.89) gHe 2oirh v
5 Ago] F7] ExEol AT AFo)AW, §7] &
sgoll oJjh d3-e &4 ojz}r], RO AA9 UV 4
271 o8 vi$ g e Augr REERY
Bl 150, 180, 200, 230, 250psie] Zlateda 2o
g Fgd FEFust ds M crFRALr T
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3.3.2. Variation of the Solute Concentration

TEd Fx¥svl 7 mEe oXEe %S 1
Z37] g5t ME 2 529 MgS0, A5 (A
e 2E set ! 1000ppm~5000ppm, FHA ZE
et | 170ppm~28000ppm)E #-& transmembrane
pressuresh ot WAET o7 LEtold AYshel
c},

3. 4. Analysis
atE o] A%e wA¢ Ry £33 flux Jo 2Ja4]
vhebd 4 olokh £3 fluxe o83 zte] A=l

J:

volume or mass passing through the membrane
membrane surface area

(14)
WA EE el A HEE 2T 5 e Y

o HEoln} oo} o] Hejue},
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3.5. Experimental Procedure
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3.6. Cleaning Procedure
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4.1. Pure Water Permeability

Fig. 59} 6} conductivity ™} MgSO, &9 =1 9]
HAE detdiglon Yo ue} PG re
gression curve A& Adsle] 25 & Aabsiodr).

TFEHN o AT T F kA AR g2 2§
setg AR ZaAET ¢ ol F RE setES &

TEIATEA AEEAD. 42 o Fq HE
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a :radius[ mm |

d, souter diameter[mm]

diod :diameter ot the rod

D tdiffusivity[ m®/s ]

D :Dean number ratio[ -]

De, De, :Dean number, critical Dean number[ -]

E ‘energy consumption per membrane area
[W/m’]

J ‘volume permeate flux[ ¢/m*h]

J :solute flux[g/mh]

K :Dean’s parameter

L, :permeability[ ¢/m*hkPa ]

p spitch of a helix{m]

P :pressure[ kPa |

r. ‘radius of curvature in a helix[ mm]

R ‘rejection[ -]

R. radius of curvature for a coiled tube in
a plane[ mm

Re, Re. :Reynolds number, critical Reynolds
number[ - ]

TMP  transmembrane pressure[kPa]

Vi ‘mean velocity[ m/s]

azjo|~ £X

£ curvature of a helix[m ']

A :conductivity[ mS ]

A Ariction factor for a curved pipe[ -]
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p- Y
z

Ny

10.

11.

12.

13.

14.

‘friction factor for a straight pipe[-]
-kinematic viscosity[m?/s]
:osmotic pressure[ kPa]

“torsion[m ']
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