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ABSTRACT Here a theoretical study has been done for the phenomena of Fingero — Imbibition in double phase flow through
porous homogeneous, cracked and slightly dipping porous media involving Adomian decomposition method.

INTRODUCTION:

Nonlinear partial differential equations can be found in wide variety
scientific and engineering applications. Many important
mathematical models can be expressed in terms of nonlinear partial
differential equations. The most general form of nonlinear partial
differential equationis given by:

F(u, gty 1y, %,y,6) = 0 (la)
Withinitialand boundary conditions

u(x,y,0) = 0(x,y),Vx,y € Q,Q € R* (1b)
u(x,y,t) = f(x,y,t),Vx,y € 0Q (1c)

Where Qisthe solution regionand A is the boundary of Q.

In recent years, much research has been focused on the numerical
solution of nonlinear partial equations by using numerical methods
and developing these methods (Al-Saif, 2007; Leveque, 2006;
Rossler & Husner, 1997; Wescot & Rizwan-Uddin, 2001). In the
numerical methods, which are commonly used for solving these
kind of equations large size or difficult of computations is appeared
and usually the round-off error causes the loss of

The Adomian decomposition method which needs less
computation was employed to solve many problems (Celik et al.,
2006; Javidi & Golbabai, 2007). Therefore, we applied the Adomian
decomposition method to solve some models of nonlinear partial
equation, this study reveals that the Adomian decomposition
method is very efficient for nonlinear models, and it results give
evidence thathigh accuracy can be achieved.

Mathematical Methodology:

The principle of the Adomian decomposition method (ADM) when
applied to a general nonlinear equation is in the following
form(Celiketal., 2006; Seng etal., 1996):

Lu+Ru+Nu=g (2)

The linear terms decomposed into Lu+Ru, while the nonlinear terms

are represented by Nu, where L is an easily invertible linear operator,
Ris the remaining linear part. By inverse operator L, with L") f; =

(-)dt. Equation (2) can be henceas;
u=L") (g)-L") (Ru)-L") (Nu) 3)

The decomposition method represents the solution of equation (3)
asthefollowinginfinite series:

ll7= Z;?:O Up 4
The nonlinear operator Nu=W¥(u) isdecomposed as:

Nu=X¥32,4A, )
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Where An are Adomian’s polynomials, which are defined as (Seng et
al., 1996):

Ay = 2 (B A u)azo m =012, (6)

Substituting equations (4) and (5) into equation (3), we have

U= 3o uy = U — LR un)) —
L (B An) @

Consequently, it can be written as:

up=¢+L7g)

uy = ~L7'(R(u0)) ~ L™ (4o)
u, =LY R@n)) — L7I(4y)
. (®)

;Jn ==L (R(un1))~ L7 (A1)

Where @is theinitial condition,
Hence all the terms of u are calculated and the general solution
obtained accordingto

ADMasu= Zz-o - The convergent of this series has been proved in
(Sengetal., 1996).n=0

However, for some problems (Celik et al., 2006) this series can‘t be
determined, so we use an approximation of the solution from
truncated series

M

Uy = Z u, with n}’iltgoUM =u

n=0
Statementofthe Problem:
We consider here a finite cylindrical mass of porous medium of
length L(=1) saturated with native liquid (o) , is completely besiged
by animpermeable surface except for one end of the cylinder which
is labeled as the imbibition face (x=0) and this end is exposed to an
adjacent formation of ‘injected’liquid (w) which involves a thin layer
of suitable magnetic fluid. It is assumed that the later fluid is
preferentially wetting and less viscous. This arrangement gives rise
to a displacement process in which the injection of the fluid (w) is
initiated by imbibition and the consequent displacement of native
liquid (o) produces protuberances (fingers). This arrangement
describes a one - dimensional phenomenon of Fingero -
Imbibition.

b

Magnetic field
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Mathematical Modeling:

The capillary pressure ‘P_c'is defined as the pressure discontinuity
between the phases across theircommoninterface andisafunction
of phase saturation. For definiteness, here we have assumed a
continuouslinear function of the form [8|

Pc=BSw 9)

And Pc=Po-Pw (10)

Where 3 is a capillary constant The case Pc=, has been discussed by
number of authors by considering 3 to be small enough, therefore,

we have considered 3as a one of the perturbation parameter,

An analytical relationship between relative permeability and phase
saturation has been given by Scheideggerand Johnson |s| which are

kw=Sw 11)
Andky,=1-Sw=S, (12)

Where kw and k, are the fictions relative permeabilities of waterand
oil respectively. S w and S, are the saturation of injected and native
phase, viz.,, waterand oil respectively.

Assuming that the flow of two immiscible phases is governed by

Darcy’s law, we may write the seepage velocity of an injected and
nativeliquid as

v, = —(’;—:) k "a“—xw (13)
e w0

Neglecting the variation into phase density, the equation of
continuity forinjected phaseis given by

Bw 4 PVw _ 15)

at ax

Where Pis the porosity of the medium.

Following Scheidegger |10|, the analytical condition governing
imbibitionsis

Vw+V,=0 (16)

Substituting the value of Vw and V, from equations (13, 14) into
equation (16), we get

K(?) ";(°+K(';—:)“’¢;’—:'=o )

Now equation (10) implies that

9pc _ 9po _ 9pw
ox  ox ax (18)

Combining (17,18), we get
Ki(52)+ () Te+k(5) Se=0

(19)
Equations (19)implies

_ )

(e
= ) e

Pow (20)

Substituting the equation (20) into equation (13), we get,
v, = K ( )_ﬁm 1)
s )

Substituting the value of V_w from (21) into (15), we obtain

(52) (53) ape

p By K—(G ) - =0 22)
Thatis
kyw ﬁ
p"Ser KM"‘& Buw_g (23

Equation (23) is a desired non-linear differential equation describing
the phenomena of finger imbibitions for the flow of two immiscible
phases through homogeneous porous media.

In this section we examine the behavior of finger-imbibition
phenomena in homogeneous porous medium in particular the
present investigation involved water and less viscous oil, therefore,
according to scheidegger |10], we use the following approximation,

(E)(E)  x
HE) " > “‘”
Substituting (24) into (23), we obtain

rEze(E) a0 o

Substituting the value of k_0 and p_c from equation (11) and (10)
into (25), we get

P2y ( )ax [(1fsw) "SW] =0 (26)

Now getting
’Li:x, T=ot and1—S5, =S 27
_(_Ks8
Where o = (50 pLZ)

Solution of the Problem:
Therefore using (27) into (26) reduces to

a2s as
+ Sout ox? + (0x) =0
With theinitial Condition
0 (xT)=S
Solution:In this problem, we have

m&=wwm=632

g(X.t) —Sm
R(S,) =0

as
L(Sw) = o

Ando=0(xT)=S

By using equation (6) Adomain’s polynomials can be derived as
follows:

Aﬁﬁf 95, 95,
TR o
— o1 2 270703
AS_ dx dx +23x dx
_ﬁf 35,955 | 50595,
:44_(3:( +23x 3x+23x dx
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And so on.The rest of the polynomials can be constructed in similar
manner.

By using Equation (8), we have

azs

935 T?
Sy = T S_axf‘?
Sy =T22 as 9°s _ gTiosols
@ = ox 0x3 3 Ox dx*
2p3 0803 | opTh03s 0ts
3 ax2 0x3 4 9x3 9x*

Substituting these individual termsin equation (4) obtain

e 223 (1ot
0(x,t) =5+2 ( T+Tax2 3ssa€+ )+
ji( ST +2 ST3 - )+ (s
214 2%
)
Table1:
T S=1 0 (x,t) S=1 0 (x,t)
0 0.0001 0.0010
1 =1 0.0007 =1 0.0102
2 95 _ 1 [ 00078 | 95 _, [T006s3
3 fizx 0.0338 azx 0.2095
4 0°S _ ., [Toossa | 9%S _ 5[ 04797
5 a%cz 02282 | dx2 0.9368
6 O°S _ 5 [[04573 | 9°S _ , [ 16510
7 ax3 08269 | 5x3 2.7042
8 a*s 13854 | a*s 4.1903
9 | gx2 Y[ 21885 | gpr = L[ 6215
10 3.2988 8.8977

Value of 5

Value oft

CONCLUSION:

From figure, it is clear that as time (T) increases saturation (S)
increases. Keeping differentiation is constant, for different values of
(T) the saturation (S) increases parabolically as time (T) increases. It
is clearthatthe curves are of parabolic type.
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