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Abstract: Rotary disc ultrafiltration module(RDM) was developed for the separation of oil emulsions. This module
was devised to reduce the gel polarization phenomenon by decoupling the operation pressure and the surface velocity of
solution in ultrafiltration(UF) processes. Two-shaft engaged disc type RDM having 20 rotary disc membranes(UQP,
USA) was operated under 85kPa vacuum at 25°C. The pressure drop due to slip flow in the two-shaft RDM was found
to be proportional to (2.5¢r)". The pure water flux of two-shaft RDM decreased by 9.95% at the angular velocity of 41.
89rad/s compared to the decrease of 3.01% for one-shaft RDM at the same velocity. When the angular velocity was
changed from 31.42rad/s to 2.62rad/s, the flux decline for 1% cutting oil in two-shaft RDM was 30.16% that is similar
to that of one-shaft RDM. Disc gap of 3mm and 7mm did not show any significant differences in the flux for 1% culting
oil solution. A modified model for two-shaft RDM showed good agreement with the experimental results for the cutting
oll solution.
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Fig. 1. A schematic diagram of two-shaft RDM.
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Fig. 3. Pressure drop versus square of the linear ve-
locity(wr) in RDM.

chebsieh 08 ROMOI £ Fbie 3
7+ g7} Qo4 41.89rad/sE E71E ¢
FAH7F e Ao g °J"470L3HPU
Lejut 299 vy 32 o8k ¢f=7tst(Py,)
ya
3.01% Bt gstoh ol 2% RDMoA
"9] 3| duske] FAE A5, FHANEe] 7
otz A 3 Hste] abi el A T°r

el AE7|Errt F7hE7] dEolnt. AEV|EE e
F7he PuE 37H0A e R s Aol

2% RDMel A Py,& Fig. 204 Heojg 5
ol f3 9] ARVIEE7} Fobad vjnd 2F
o qfedztslrh 15 RDMRo o] 4o =
FA7E ohg S we] Zelw Al g gyt
a5 T o o e 4 (8o o
gl 2= olc}

.‘)::.o] gl 3

o 2 kW

\l

Pst.pz = PI’.Ass - Pl fow at one T PI ra at two (8)
Fig. 3& A&E(wr)e] 37t o2 gAH7sE
Bojgoh £ FHEE g vHEsR o
Be % Frgel GolF PO YAYSHE
A 4 olti2]. 2% RDMel 4 445 w2 &

L
[

& HEAUIP)
AT T o

Ay ZAAEHEH 4 (9)9 2ol

AP, [Pa] = 4P — 43348 x (awr)’ (9)



2% 3 A7 UF 289 Oil Emulsion £2] &4 o3 223

0 -

250 1

Two—shaft RDM

&
o,
&
g 2
S 00 - 4
5 r 0.938
@
5
2150 |
2]
5
=
a,
s 100
5
# 2 2
& —

50 |- a *(25) 4

o] 1 1 1 1

o] 5 10 15 20 25

(Linear ve]ocity)2 , (u)r)z, (m/s)2

Fig. 4. Extra pressure drop of accordance of in-
creased relative velocity in Two-shaft RDM.

o4714), 43348 x (ar)* P, & ehdch,

StEEs fAlske vl B2ol oy YEiss
Hao] o2 A GAGelA AL HAB 5
A7k e 44 g gaERels Aslg gold
debd, lng 284 g yazae 4 003

N
2
2

rﬂ_
m‘:‘-‘
i&
T

Pq, [Pa] = b, x (wr)* = 382.62 x (wr)* (10)

94714, b 2% RDMol4 %2t zpalo] ofa o
UReE ZPHL o He) Zrbo) a2 om 5
Zoll o3 orezrare) ulafAh4olh.

WAL 1% RDMeld =tEwst $ashe) vjna
EEof ok grEBeks 62.40(wr)e|gln Ha)eto)

ek ol l‘rzﬂ*L Ein) 7}243}014[2] cqaw

[
& ere7she 1% RDMe| oF 6.13ujolc}. $lo] 7
3}23e) 2% RDMel4 slawes a7} g
A, SRR A fAe vjndy 2o o7 o4
HHE A (11)3 o] EAE 4 ok,

Pg, [Pa] = b (axwr)? = 62.40 (25X @r)? (11)

714, b fAll7t 4& Ene oo
o{] 945—], oLaﬂng],é 1{;}3}_1 ol
Fig. 4= 2% RDMojl4 3 ]ZLI«LUL 74t} o) A4
£ %7}l w2t 1% RDMol| F7bsie gtazba)(=
RE7IEE Frtl w2 kalzbal) g Hojzc) o)

LNERE

1.0

0.9+ B

1/3_ (Permeate flux,/Purewater ‘lux)

04+ -

03+ ¢~ 4
0 ® One-shaft RDM

02 O 4
O Two-shaft RDM

01k -

O 0 i L 1 1
0 10 20 30 40 50

Rotating speed, (W (rad/s)

Fig. 5. Relationship of J/J, ratio of 1% cutting oi}
emulsion with rotating speed for one-shaft
RDM and two-shaft RDM at JP=0.1MPa
and 25°C.

A, 7177 A (11)9) at el ek ahea,
4 (11)3 Fig. 4% £3}9 2% RDM9 3| -dzato)
A AR FATE Hsle RBR7)EEE Hewo) of g
Sufele o 4 4
4.2. BAR 22l
4.2.1. 3|0l wE A

Fig. 5ol 1% H2Hfol oigh 153 2% RDMe)
Aol GE BE FHEE Jo w(Wase ®
H&/TF 5382 Yehf ek 2% RDME #A
Tete] Ae] 3mm, #AEe 7hAo] 120mmo)g]
th 1% RDM& sgaats waige 7H4o] dmm
oloitt. RDMel| 4 zt4:= & 31.42rad/soll 4] 2.62rad
/s £ME 2eAES dn 2o Bagode
Y FAEE U F IFRE AU 13
RDM3} 2% RDMe} -Ernw% HAZ HHo| e}
A oBlsd R Bed. 225 Zsbe uig)
HAR Bago] Frsls 75“{}3 Bolo
20rad/s ol4tell e 3jHo A3 ubz) ok oz

& F3hgo) SNtk wela, hgo] dre

F7hsk $RY o] ZAskol w1 4909 Fxof
% HZgE ¢ 5 2ok

4.2.2. %220l e Ay
1% HA42 2% RDMolA xmee] 748

Membrane J. Vol. 6, No. 4, 1996



224

Ve
03} ® 4
o]

® 3 mm disc gap

O 7 mm disc gap

J/J, (permeate flux,/purewater flux)
[l >
- 2
T T
N

0.0 I I 1
0 10 20 30 40

Rotating speed, (W) ( rad/s )

Fig. 6. Effect of disc gap on J/J, ratio for 1% cut-
ting oil emulsion with rotating speed in two-
shaft RDM at 4P=0.1MPa and 25C.

2 31.42rad/sol| 4 2.62rad/se] %
A2 2eAge sdstn J/), B2 Fig 69 vjet
wWolck. 2% RDMelA gzgate] 370 F3} 5o
o|xe gL 4w} 31.42rad/sell4]l 2.62rad/s
2 7ad o Aol kAo 3mmel J/I, (A
L9 Eatg/&4 FHg)7 06404 0318 2
gt} 7tzo]l Tmm< we] 0.64014 0.279 79}
7o) wlestodn}. webA, £ Ay e 27bAo]
7mm ojatel Ml A R whE EHeA A
F# 9] RE7)ET e Aol vlu]s et o= Masuda
Zo] 22 RDMS @A &9 Reld Haq Az
¢} w|£atdch. Masuda 5& A S s A
glo] dEwrt F7held oA wejubh A wgfe|
W Aol AEsr e WAz FRsA FaEo]
Fodg-g wsullet(3].

.

4.3.3. 2% RDMY| olg of%
1% WAHE 25 RDMAY =7g 2zl
839 42 49 -

A7E Rl 924 F3
7 wl@ate] Fig. 7o Jehisddt. €53 #3345
1% RDM9] 2HAS 7|22 slef A4HH gHE A
sheie[2]. shA, 2? RDMell 4 3| 3% al

3 &7 29 A, sABgEe] ALl
HqE AME 9 %alﬂl sldstnE sl AlA
FAZE ot ARG s ToHE 7 W] A (1)

Aueal, Al6A A4z, 1996

i
o
3

0.010 . . . .
0.009 1'—0&'\.\‘\«
0.008 d
—~ 007 - 4
n
® 0.006
£
an 0005
i~
— v - -
o QowrE v Experimental Data b
2 . v ® Pure water
0008 |y ) . -
v 0il, 7mm disc gap
0.002 } v 0il, 3mm disc gap | 4
0.001 | —— Calculated B
0000 L L 1 1
0 1 2 3 4 5

Linear velocity, wr ( m/s )

Fig. 7. Effect of rotating speed on flux compared
with predictions by eqn.(22) for 1% cutting
oil emulsion in two-shaft RDM at AP =
0.IMPa and 25C.

7} Fig. 42 #12 3lod 4 (7)) HEI|EE(axw
ryell ¥ & 250rE AFEATh A (12)¢] 1%
Wokgol thste] AT (wr)7h 3.46m/solstel 2%
RDMe] A g vhepoict.

AP,

J = R 17.04(C) M(2Bwr) TH(APY)

(12)
o%?lﬂ R @ B 7ol o8& 5 Ee9a i+
Abgate] 14 RDMel|l A 22 gholch 4 R,
R,. RE ztzk 1.12x10m/s, 1.06x 10'm/s, 6.09 %
10'm/solgich. 2% RDMo| A Abg-ak drhfo] AE
u_l x5, §] z{j}.u}o] Z‘%‘ uj :77] %Zd Z
RDM3} £4lst 2@ |5 RDMe] B < Ao
a B yare stz 2% RDMe| #AI54e] 15
RDM3} vlirste] A3 F=d=55o 712 g
& FH7ksrsch
1% RDMe| mdsls +#
RDM mwlalofl 4 of &5l Fa48& #2HA Tmmo)st
oﬂﬁ Umﬂoﬂ A ghol *—Ml Tl

.

5
rr

I
3
e

& dzE, A4S 2
A Sabguck g4 ekt ol wiel Ao
=7} 27] 31.42rad/so) Z+Es Ao A Fabg

\.



2% 3 dx3y UF 289 Ol Emulsion &2 &4

B T d
33 $EETo HEwg vejstl s A
(5l wosdel oz Mo Az FEsm o

-
~
lo

f‘o ol ol U:‘-«

RS

ro 2 o

o

n
=
lo W 22 “{N 12

>

2L
it
o)

2

wufu

=
=]
el

5.2 =

L AAwee) 44esh 0ol 41.89rad/sE 27}
242 U £ e QA ofg ¢y
spoh Helw Ealo] oy B2 o7 G
5 S3hge Ao 2EEelA 9.95% 2astel |

RDMs| Blﬂ-ﬂm‘ (25wr ‘o wj#ste] 3]st
FA7E Ashs 2R7&EE oF 250r0] %)

2. 2% RDMellA zjddgtete] 7hAo] 3l gof o
e od3e ZEgrt 31.42rad/so)l A 2.62rad/s2
Ao oo s|ABE kAo 3mmel J/J, (HAkge
FHE/EF FHE)7E 064004 0312 7Fsste]
7‘}7—?01 mmd 2] 0.64004 0.279 7429 A9

r2

T 225

RDM 4o 4] o289 Sahge =704 Tmms}
smmel 4} AA F3hgol 7ol Faony.

d A

oJ ;L‘_—-_ A]-A

w

g 94 U 7s7abel o) o
—}Lxl Ho B 3% 7o

2 oo ZAl=gyd,

MBI
a : Coefficient of specific fluid velocity of eqn(7)
b, - Coefficient of pressure drop due to slip flow
at 1 RDM
b, Coefficient of pressure drop due to slip flow
at 2 RDM
Cy 1 Bulk concentration of the rejected solute[ % ]
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AP Operating pressure[ Pa]
4P, Effective transmembrane pressure[ Pa |
Py, . Pressure drop of centrifugal force[ Pa]
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