(UBE, Unit bed element)

rmax dmax
de e T (33
r. _d _ 0.175d,
2
d . 1ée@- s,)u”
max — 56 Ll df
2 2& 1-e §
S
0111 0127 e
Navier-Stokes
Navier-Stokes

(Streamline function)

r, Er£-r,

(A1-1)

(A1-2)



EY =0
g =11y
or 9z
g =1y
z rqr
SO T A
w2 rqr 922
u =u,=0 r=r,
fu
Z:O = =
r u =0 r=0

y o =0.5(R* - 2R?)

y, =0.25Ng,,. %%(w - 6R® +9R’ - 4R?

u

i
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(A1-3)

(AL-4)

(A1-5)

(A1-6)

(Al-7)

(A1-8)

(A1-93)

(A1-9b)



dZRWLtJI(RZ _ 1)2 R2

_-0558@'&0 : 1
edZ g Y dz A

,.2

- 015N, R, 1020

Re,m

y =
umrm
=zl/l,
R,=r,/",
=r/r
R, =r,/l
1 4
r.=—qor,dz
m |f Q w
umrmrf
NRe,m m
(Al-7) (A1-8)
:_ZdRN/dZ

RN

(R

2

~=y,+Ry,+RYy,
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2 [32R™ - 305R™ + 750R® - 713R® +236R" /3600

(A1-9c)

(A1-10)

(Al-11d)
(A1-11b)
(Al-11c)

(A1-11d)

(Al-11€)

(A1-11f)

(A1-123)



. 025 1 SR, /dZ? @R, /dZ 5’0 dF dr,/dz !
U, == Ny | FE S y  (Al-12b)
T g Rw w 4] H RN b
é u
__OslangNdFjN R F§NOG g@IRNo R R;N de
& 2 u
0125NReml dr,/dz Ad R,/dzZ &dRN/ng uE aEdRN/dZO dEi;‘
; : R, R, 5HR & R, 5 RiZ)

(Al-12c)

u, = 2(1- R?) (A1-13a)
;2,025 dFdR,/dZ N
z1 R Re,m dR RW ( = )

.2
_05&@9 R, 4Ry 019G L 0105n, ER.MAZY dE
5&dZ 5 dz? gRaR R, 5 RdR
(A1-13c)
\ ) r2
ur = um(uro + Rmurl + Rm rZ)ﬁ (A1'14)
w f
2

u,=u (uzo +R,Uy + Rmuzz)—”; (A1-15)
F =(R®- 6R® +9R" - 4R?)/9 (A1-16a)
G =(rR?- 1)R?/3 (A1-16b)
E = (32R*™? +305R™ + 750R® - 713R° + 236R*)/ 3600 (A1-16c)



Eulerian
Langevin [22.23,34]
m, v _ F, +F, +F (2-13)
dt
m, \Y t Fq Fe
F
Fq
F,=mb(U-V) (A1-17)
U b
b
r.m
b = opr, (A1-18)
C.m,



m fo Cs Cunningham

Cs1.0
F
F=m At) (A1-19)
A(t)
5mm
Gaussian white
noise A(t) V(1)
< A(t) >=0

1
L< ADAL-t)>=Kd(t-t) (AL-20)

—t+

d(t-t) (Impulse function)

Fe

(2, =2,=1.0-2)
cm



DLVO

Ruckenstein & Prievé'® Rajagopalan & Kim™  Bhattacharjec et al.

[36]

DLVO DLVO Derjaguin  Landau

Vewey Overbeek 1941

Ruckenstein & Prieve!*® (W Lo)
fooon BARAY L e 2-15
LO Loeem H ( - )
N = A Al-21
LO 6kBT ( - a)
H=hir, (A1-21b)
A=-aD/4 (A1-21c)



a=1-e (A1-21d)
D=-4/(2Ina +3- 4a - a”°) (A1-21e)

A Hamaker Kg

Ww) H (Fo)

keTdV,, _ k. TdV A€ 1 u
F =18 Lo — "8 LO — & U A1-22
- dh r,dH  6r, @(Hz +2H)2¢| ( )
W oL)
1 é1+exp(- X)U i
f,, =N_iN_ Ina 1+1Inj1- exp(- 2X)y -
DL El{\ =26 exp(- X)H [ p( )]% (2-16)
nroG 7 +i3)
=t = (A1-233)

= 4k T
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p . O
Zg-—li
N_. = 29
=78 & g0 (A1-23b)
(:91+§i—1: 0
& 29 f
X = Ny, H (A1-23c)
No. =kr, (A1-23d)
n Ja ] 2 k
(Ll" DL) H (FDL)
k,TdV, k. TdV, 2N K. T . i- N, +eMNH{
F =218 DL — "B DL — _ EffB] (N @ NoH ) E2 ; )
- dh r,dH r ( i )} 1- @ MNouH g (A1-24)
Fe
F.=Fot+Fo (Al1l-25)
Spielman & Fitzpatrick™®”
Retardation effect
(Retardation factor) Fy(H) Fx(H) Fs(H) H



(A1-21b) Fi(H) Fy(H) Fs(H)

AL17)  (A119) (A1) (219
‘i'j—\tlz b(U -V)+|:Lom;pFDL+A(t)
(A1-26
dv F

+F
—+DbV =bU +—-2—LL + A1)
dt m

R, (1) = ge" " Az )dz

(A1-29)  (A1-27)
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(A1-26)

(A1-27)

(A1-28)

(A1-29)



5
V=Ve™+U@-e™)+ Rv(t)+lgmi(l- e™) (A1-30)
b m, 5
ds

v==—2 -

" (A1-31)
_ ‘té\n bz (L.- bn

R (1) = QgQe” Alz)dz gUe dn (A1-32)
0 L S=5 Al1-33

t=0 | -
iR®)=0 AL

e bt

b
(A1-34)

5= +2 - e UL {0 e+ RO +EE T+
b b p

1
-E)

p

Ru()  R(t) Guassian



R.U_E sy 0 0én,

= e 0 A1-35
SR &uisy (62-s2152) Eml (A1-35)
N m (Normal distributed number) N, M
[0,1] n m
A -1 Sertig (A1-36)
V2o &
A|:N| IVli a:nl ml
2 _ a - 2bDt
S _E(l' e™) (A1-37a)
s 2 :%(2th- 3+4e 0 D) (A1-37h)
SZ — a (1_ e-th)Z
Vri _F (A1-37C)
—  bk,T
q = (A1-37d)
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Maxwelian

Vo =Ug +V, (A1-38)

U =%

vV, Gaussan

<V, >=0 (A1-393)

<V,V, >= i (A1-39b)

(A1-30)  (A1-34)

v=ler +ua- e, ) +R 0 iéuoﬂ & ™)GF, (H)F, (H)
1 b m, g b
(A1-40)
1Vy _ bt 1 bty U
528+ (- ") +UIL- (1 e YRR (R (H)
|
fo o, FotFo 0 e 1§ (A4
RO S DR GDR)

62



Pore volume

Porevolume( p.v.)

p V = £
V. oL
U
Pore volume
i
e = I
! i
(A2-1)

[26]

(A2-1)

L

Pore volume
3D ~ (33
(A2-2)



Carman-Kozeny g

3 2
_ & (dg)
' 180(1- €,)?
N,
lgL
Ki
K — i=1
I\IL
K/Ko ( )
7p = il
K

(A2-3)
(A2-3)
(A2-4)
Ko
Darcy’s law
(A2-5)
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Break-through curve



No. of Case

NE1 Ne2 NpL

NLo

CaseA

105 1 10.75

CaseB

50 1 5.02

CaseC

77 1 10

CaseD

DLVO

10 1

-10 3

——— CaseB
—i—i—w=  Case C
-~ CaseD

0.0

4-1-1

DLVO
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Parameters

Value

Boltzman

n , Kg

1.38x10%° erg/K

0.40

lcp

293K

1 g/ent

1 glent

20 ym

lpym

’ Cln

1000,3000,5000,10000 ppm

,Um

0.1 cm/sec

wi

0.127
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Iy m

511 513

Primary Maximum

>-1-4

DLVO

41 51
DLVO 4-1-1
CurveD )
DLVO
Secondary Minimum
0.03u m

DLVO



Parameters

Value

Boltzman

n , Kg

1.38x10%° erg/K

0.40

lcp

293K

1 g/ent

1 glent

20 ym

003~126 y m

’ Cln

1000 ppm

,Um

0.1 cm/sec

wi

0.127
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Curve A-dp=1.26E-4 cm
Curve A-dp=1.0E-4 cm
Curve A-dp=7.0E-5 cm
Curve A-dp=6.0E-5 cm
Curve A-dp=5.0E-5 cm
Curve A-dp=3.0E-6 cm

5-1-1

15

20

Curve B-dp=1.26E-4 cm
Curve B-dp=1.0E-4 cm
Curve B-dp=7.0E-5 cm
Curve B-dp=6.0E-5 cm
Curve B-dp=5.0E-5 cm
Curve B-dp=3.0E-6 cm

5-1-2 B

I

15

20

DLVO

DLVO



>
-18 ‘f — — —  Curve C-dp=1.26E-4 cm
-20 { —————  Curve C-dp=1.0E-4 cm
-22 f — ———  Curve C-dp=7.0E-5 cm
-24 : Curve C-dp=6.0E-5 cm
26 | Curve C-dp=5.0E-5 cm
28 4 f Curve C-dp=3.0E-6 cm
30 Rt
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H
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6
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0
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-6
-8
> -10
-12
-14
-16
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-26 srmssaaaseaaaaan Curve D—dp=5.0E—5 cm
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'30""'""I"'"""I""""'I""""'
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H
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DLVO
filtration functions Fi(a ,o0 )

(break-through concentration)  F,(B ,0 )(pressure drop)

DLVO
filtration functions F(a ,0 ) (break-through
concentration)  F»(3 ,0 )(pressure drop)
DLVO
4-1 DLVO

SCT(Sinusoidal Constricted Tube) HCT(Hyperbolic Constricted

Tube) PCT (Parabolic Constricted Tube)
DLVO 4-1-1
6-1-1 6-1-3 6-1

Fi@.s) F(Bs)

6-2 63

SCT DLVO
Fi(a .0 )( 6-2-1) FB ,0)( 6-2-2)

DLVO CurveA Primary
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maximum

Curve B

Curve A DLVO
minimum
o Curve A B

Cuve A B C D

o) = 631

FZ(B 0 )(

Secondary minimum

o DLVO
Primary maximum
CurveA o
Curve C Secondary
Secondary minimum
CurveA B
DLVO Curve D
o
Fi(a,
6-3-2) DLVO
CurveD o

CurveA B C D

82



DLVO o

DLVO

DLVO
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0002 ==
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-0.003

-00035 = o= == = e e = e -
0 00025 0005 00075 (;.01
Z(cm)
6-1-1 SCT ( Sinusoidal Constricted Tube) (1]

0 0.0025 0005 0.0075 001

Z (cm)
6-1-2 HCT ( Hyperbolic Constricted Tube) (1]

00015 S .
-O.OOZF
-00025
-0.003
000354
0 0.0025 0005 0.0075 001
Z(cm)
6-1-3PCT ( Parabolic Constricted Tube) [1]



Parameters

Value

Boltzman

n , Kg

1.38x10%° erg/K

0.40

lcp

293K

1 g/ent

1 g/ent

20 ym

lpym

’ Cln

1000 ppm

,Um

0.1 cm/sec

wi

0.127




6-2-1

6-2-2
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0.8 4
o E
<
= |
<
1l
—~ 061
n
N—r 1
-
LL J
0.4
J| ——————  Triangular, curve A, SCT, with Brownian
Triangular, curve B SCT, with Brownian
1 Triangular, curve C, SCT, with Brownian
—ee—ee—..  Triangular, curve D, SCT, with Brownian
0.2 4+ — T T T — T
102 101 100
S

(F,(s)=h/hy-1

SCT
DLVO filtration functions F1(a ,0 )

Triangular, curve A, SCT, with Brownian

—_—— Triangular, curve B, SCT, with Brownian
wemtaaey Triangular, curve C, SCT, with Brownian
—re— e Triangular, curve D SCT, with Brownian

0.01 — T — T T T —TT

103 102 101 100

S

SCT
DLVO filtration functions F>(3 ,0 )



10
0.8
o E
<
= ]
=
IR
n
~ 1
—
LL ]
04
| — Triangular, curve A, SCT, without Brownian
Triangular, curve B, SCT, without Brownian
1 Triangular, curve C, SCT, without Brownian
4 ——n— Triangular, curve D, SCT, without Brownian
0.2 T T T T —TT
103 102 101

6-3-1 SCT
DLVO filtration functions F1(a ,0 )

(F,(s)=h/hy-1

Triangular, curve A, SCT, without Brownian
Triangular, curve B, SCT, without Brownian
Triangular, curve C, SCT, without Brownian

—ss—s—=+  Triangular, curve D, SCT, without Brownian

0.01 — T — T T T T —TT

103 102 101 100

S

6-3-2 SCT
DLVO filtration functions F>(3 ,0 )
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DLVO (Curve A-C) Nge>1.0

SCT>HCT>PCT Nre<<1.0
NRe
PCT HCT SCT SCT
( 6-1-1) HCT (
6-1-2) PCT ( 613
SCT
PCT HCT (Curve D)
PCT>HCT>SCT
NRe
SCT>HCT>PCT
Nre PCT
HCT (Entrance
effect) g PCT HCT
PCT HCT
Nre (PCT  HCT)

T



DLVO

Fl(a 0 ) FZ(B 0 )

Ngre 0.02 Nge<<1.0
Curve A (Fi(a ,0 ) 6-4-1)
FB o) 642) o SCT>HCT PCT

Flao) 651 FREO) 652 o
SCT PCT HCT  CurveB
Fo o) 661 FR@Eo) 662) o
SCT> PCT>HCT (F@ o) 671
FRB.o)  67-2) SCT PCT HCT  CurveC

Fa o) 681 FB.o) 682) o

SCT>HCT PCT (Fi(a ,0 )( 6-9-1)
F.(B 0 )( 6-9-2)) SCT PCT HCT
o
NRe
T o



Curve D

PCT

o) 6-10-2)) o©

(Fi(a .0 )(

SCT PCT HCT

DLVO

PCT

HCT

HCT

6-11-1)

o
(Fia 0 )( 6-10-1)
PCT>HCT>SCT

FAB .0 X 6-11-2))

Curve A-C
Curve D

R,



6-4-1

6-4-2

=hihg

F.(s)

(F,(s)=h/hy-1
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103 102 101 100
S

DLVO Curve A

filtration functions F1(a ,0 )

Triangular, curve A, HCT, with Brownian
—_—— — Triangular, curve A, PCT, with Brownian
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102 101

S

DLVO Curve A
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filtration functions F»(3 ,0 )
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6-5-2
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Triangular, curve A, HCT, without Brownian E
4| — — —  Triangular, curve A, PCT, without Brownian
] Triangular, curve A, SCT, without Brownian E
0.2 T T T T .......E —TT
103 102 101 100

(F,(s)=h/hy-1

S

DLVO Curve A
filtration functions F1(a ,0 )

Triangular, curve A, HCT, without Brownian
—_——— Triangular, curve A, PCT, without Brownian
Triangular, curve A, SCT, without Brownian
0.01 — T T T —T T T —TT
103 102 101 100
S

DLVO Curve A
filtration functions F»(3 ,0 )
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6-6-1

6-6-2

F.(s)

(F,(s)=h/hy-1

hihg
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04

Triangular, curve B, HCT, with Brownian
4| — ——  Triangular, curve B, PCT, with Brownian
~  Triangular, curve B, SCT, with Brownian

0.2 T T T —T T

103 102 101 100

S

DLVO Curve B
filtration functions F1(a ,0 )

Triangular, curve B, HCT, with Brownian
—_—— Triangular, curve B, PCT, with Brownian
Triangular, curve B, SCT, with Brownian

0.01 — T — T T T —TT

103 102 101 100

S

DLVO Curve B
filtration functions F»(3 ,0 )
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Triangular, curve B, HCT, without Brownian E
Triangular, curve B, PCT, without Brownian E
B ~  Triangular, curve B, SCT, without Brownian
0.2 — T T T T ........E —TT
103 102 101 100
S

(F,(s)=h/hy-1

DLVO Curve B
filtration functions F1(a ,0 )

Triangular, curve B, HCT, without Brownian
—_—— — Triangular, curve B, PCT, without Brownian
ssasssssass Triangular, curve B, SCT, without Brownian
0.01 — T T T —T T T —TT
103 102 101 100
S

DLVO Curve B
filtration functions F»(3 ,0 )



6-8-1
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Triangular, curve C, HCT, with Brownian H
1 ——— Triangular, curve C, PCT, with Brownian
] SORELLELS Triangular, curve C, SCT, with Brownian
0.2 T T T — T T
103 102 101 100

DLVO Curve C

filtration functions F1(a ,0 )

0.01

Triangular, curve C, HCT, with Brownian
—  Triangular, curve C, PCT, with Brownian
Triangular, curve C, SCT, with Brownian
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102 101 100

S

DLVO Curve C

filtration functions F»(3 ,0 )
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6-9-1
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=hihg

F.(s)

(F,(s)=h/hy-1
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Triangular, curve C, HCT, without Brownian

1| — — —  Triangular, curve C, PCT, without Brownian

J| wsswswssss Triangular, curve C, SCT, without Brownian
0.2 — T T — T — T T T —TT

103 102 101 100

DLVO Curve C
filtration functions F1(a ,0 )

Triangular, curve C, HCT, without Brownian
—— —  Triangular, curve C, PCT, without Brownian
Triangular, curve C, SCT, without Brownian
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103 102 101 100

S

DLVO Curve C
filtration functions F»(3 ,0 )



6-10-1

6-10-2

10
0.8
o
<
=
=
IR
n
~
—
LL
04
Triangular, curve D, HCT, with Brownian
—_ Triangular, curve D, PCT, with Brownian
B Triangular, curve D, SCT, with Brownian
0.2 — T T T T T T
103 102 101 100
S

(F,(s)=h/hy-1

DLVO Curve D

filtration functions F1(a ,0 )

.f"'f Triangular, curve D, HCT, with Brownian
—_—— — Triangular, curve D, PCT, with Brownian
Triangular, curve D, SCT, with Brownian
0.01 T T T T T T T T T T
103 102 101 100
S

DLVO Curve D

filtration functions F»(3 ,0 )
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DLVO Curve D
filtration functions F1(a ,0 )

Triangular, curve D, HCT, without Brownian

—  Triangular, curve D, PCT, without Brownian

Triangular, curve D, SCT, without Brownian
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DLVO Curve D
filtration functions F»(3 ,0 )
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Curve D
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12
1 Honeycomb, curve A, SCT, with Brownian
—_—— Modified-square, curve A, SCT, with Brownian
Triangular, curve A, SCT, with Brownian
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6-12-1 SCT DLVO Curve A
filtration functions F1(a ,0 )

(F,(s)=h/hy-1

Honeycomb, curve A, SCT, with Brownian
_ Modified-square, curve A, SCT, with Brownian
Triangular, curve A, SCT, with Brownian
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103 102 101 100 10t

6-12-2 SCT DLVO CurveA
filtration functions F»(3 ,0 )
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Honeycomb, curve A, SCT, without Brownian
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6-14-1

6-14-2

12
T Honeycomb, curve B, SCT, with Brownian
—_— Modified-square, curve B, SCT, with Brownian
ssssssasass Triangular, curve B, SCT, with Brownian
10 -
o 081 i
s {
< H
1] i l
-~ <
n )
= ] i
w06 - i
04 {
7 AN | R S
103 102 101 100 101
S

SCT

(F,(s)=h/hy-1

0.01

DLVO CurveB
filtration functions F1(a ,0 )

Honeycomb, curve B, SCT, with Brownian
Modified-square, curve B, SCT, with Brownian
e Triangular, curve B, SCT, with Brownian

103

SCT

102

101

100

10t

DLVO CurveB
filtration functions F»(3 ,0 )

104




6-15-1
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filtration functions F1(a ,0 )
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filtration functions F»(3 ,0 )
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Specific  functions F@,)=1-as*| F,(b,s)=1+bs":
Network structures a, a, b, b,
Triangular, curve A, SCT, with Brownian 488.645 25.287 1.126 0.482
Triangular, curve B, SCT, with Brownian 14.599 31.475 1.044 0.494
Triangular, curve C, SCT, with Brownian 0.078 22.755 0.947 0.506
Triangular, curve D, SCT, with Brownian 0.006 11.347 0.800 0.521
Triangular, curve A, SCT, without Brownian 0.202 26.943 0.973 0.503
Triangular, curve B, SCT, without Brownian 0.129 24.814 0.961 0.505
Triangular, curve C, SCT, without Brownian 0.060 21.601 0.939 0.507
Triangular, curve D, SCT, without Brownian 0.030 18.186 0.909 0.510
Triangular, curve A, HCT, with Brownian 1.0x10° 26.740 1.223 0.463
Triangular, curve B, HCT, with Brownian 2055.723  22.314 1177 0.473
Triangular, curve C, HCT, with Brownian 114.640 30.332 1.081 0.489
Triangular, curve D, HCT, with Brownian 0.003 7.371 0.755 0.524
Triangular, curve A, HCT, without Brownian 6.887 32.297 1.031 0.496
Triangular, curve B, HCT, without Brownian 2.138 34.058 1.012 0.498
Triangular, curve C, HCT, without Brownian 0.098 23.971 0.998 0.500
Triangular, curve D, HCT, without Brownian 0.053 21.390 0.935 0.508
Triangular, curve A, PCT, with Brownian 2.7x10° 40.032 1.220 0.464
Triangular, curve B, PCT, with Brownian 91.417 29.015 1.081 0.489
Triangular, curve C, PCT, with Brownian 97.703 31.690 1.055 0.493
Triangular, curve D, PCT, with Brownian 4.0x104 8.179 0.611 0.535
Triangular, curve A, PCT, without Brownian 0.327 29.442 0.982 0.502
Triangular, curve B, PCT, without Brownian 0.193 26.551 0.971 0.504
Triangular, curve C, PCT, without Brownian 0.098 23971 0.954 0.505
Triangular, curve D, PCT, without Brownian 0.079 21.220 0.944 0.507
6-2
F(a,s)=1-as? F,(b,s)=1+bs" a,a,,b, b,
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Specific  functions F@,)=1-as*| F,(b,s)=1+bs":

Network structures a, a, b, b,

Honeycomb, curve A, SCT, with Brownian 4.0x10 "4 9.422 0.641 0.533
Honeycomb, curve B, SCT, with Brownian 0.004 4.120 0.491 0.543
Honeycomb, curve C, SCT, with Brownian 8.0x10 4 5.197 0.481 0.543
Honeycomb, curve D, SCT, with Brownian 20x10 ~4 2.465 0.162 0.561
Honeycomb, curve A, SCT, without Brownian 0.002 2.700 0.281 0.555
Honeycomb, curve B, SCT, without Brownian 9.0x10 ~4 2.682 0.235 0.557
Honeyconb, curve C, SCT, without Brownian 40x10 "4 6.680 0.537 0.540
Honeycomb, curve D, SCT, without Brownian 7.0x10 4 7.026 0.577 0.537
Modified-square, curve A, SCT, with Brownian 0.098 25.550 0.956 0.505
Modified-square, curve B, SCT, with Brownian 0.041 20.963 0.927 0.509
Modified-square, curve C, SCT, with Brownian 0.002 12.720 0.770 0.523
Modified-square, curve D, SCT, with Brownian 6.0x10 4 7.314 0.589 0.536
Modified-sgquare, curve A, SCT, without Brownian 0.003 8.586 0.708 0.528
Modified-square, curve B, SCT, without Brownian 0.003 7.688 0.660 0.532
Modified-square, curve C, SCT, without Brownian 3.0x10 4 7.323 0.546 0.539
Modified-square, curve D, SCT, without Brownian 40x10 "4 4,988 0.436 0.546

6-3
F(a,s)=1-as?* F,(b,s)=1+bs" a,a,b, b,
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SCT

SCT
7-1-1 7-1-3 Soo Radke 1984 =
Pore Volume
7-1
SCT
7-1-1 713
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Parameters

Value

Boltzmann

, Ke

1.38x10°%° erg/K

0.39

1.5, 23 mPas

294.2 ~296.5K

1 glen?

1 glent

15.3,17.3 p m

31~10 uym

,Um

0.136 cm/sec

1 Cln

5000 ppm

, Ko

0.57, 1.15p nt

Soo

Radke

[25]
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Pore Volume




1.0

—— Current Model
] e Dy,=33mm
0.8 m D,2=53mm
] A D,=10.0mm
. K,=0.57nm*
0.6
{ m Conc.=5000ppm
N Oil viscosity=1.5mPa-s
2
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0.2 4
o4+ —
0.00 0.05 0.10 0.15 0.20
Pore Volume
7-1-1 SCT Soo Radke
(2 ) Pore Volume
1.0
— Current Model
A K0=0.57 mm?
1 ® = 2
08 4 K0=1.15 nm
] o
D,=3.3nm
L Conc.=5000ppm
1 Oil viscosity=1.5mPa-s
0.6 P
N ] ¢
> ¢ .
0.4 A
0.2 4
OO o e B e B e e e B
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Pore Volume
7-1-2 SCT Soo Radke
25 ) Pore Volume
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1.0

0.8 1
0.6 - [AN
! ®
xO
> S A
0.4 -
Conc. = 5000 ppm
K,=1.15mm’
0.2 —— Current Model
® Dd=3.1 mm;1.5mPa-s
A Dd=3.4 mm; 23mPa-s
0.0 +—/—"/—"——F—"——"——F—T——————
0.00 0.05 0.10 0.15 0.20
Pore Volume
7-1-3 SCT Soo Radke
(23 ) Pore Volume
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(1998~2000)

(2004)

2001)

(2001~2002)
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