ISSN :2320-2971 (Online) -

\ias j JInternational e-Journal for Education and Mathematics <7<

www.igjemaorg vol. 02, No. 01, (Feb. 2013 ), pp 08-18

Fingero Imbibition Phenomenon Through Porous Media Under Magnetic
Field Effects

MR Tailor ®and M N Mehta"

" Department of mathematics
The P.G Srience college,
Bardoli -394602
E-Meml: mtailor 21 ({{gmenl com

" Department of Applied mathematics,
STNIT college of Engingering and technology,
Surat-395007
E-Mml: mamehta 2001 [@yahoc.com

Article Info. ABSTRACT

Received on 19 Jan 2013 The presenf paper rmumerically discusses the fingero—imbibifion phenomena
Fevised on 28 Jan 2013 through homogeneous porous medium with the ivelvement of a layer of
Accepted on 02 Feb. 2013 magnetic fluid in the injected phase. The basic assumpiions wnderlying the

present investigafion are that the two fluds are immiscible and the injected

JTudd is less viscous as well as preferentially wetling with respect to porowus

E_"J’"""W'ﬁ-' o materials and with capillary pressure. A mmerical solufion of the governing
ﬁ”-‘:’-‘g_" m@:b:ﬁﬂm poTons non-linear partial differential equation has been obtained by iwo parameter
media immiscible flds Ritz approximation method [6] The graphs of space and fime versus

sahration of injected fMad of rmwmmerical resulis have been obitmned which
indicafes the stabilization of fingers.

AMS Subject classification: 76.A05, 7aM55, 54H15

Nomenclature :

Wi=velocity of the injected liquid

V= velocaty of the native liqud

E = permeability of medium

E ;= relative permeability of the injected liguid
K, =relative permeability of the native liguid
P; = pressure of the injected liqud

P, = pressure of the native liguid

Si= saturation of the imjected ligqmd (water),
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Sn = saturation of the native liquad (o1l)
t= time
P=capillary pressure
P = porosity of the porous medium
& = wviscosity of the iy ected liqud,
&y, = viscosity of the native liqud
1. Introduction

It 15 well known that 1f a porous medium filled wath some flud 15 brought into contact wath another
flud which preferentially wets the medium, then there 15 a spontaneous flow of the wetting filuid into
the medium and a counter flow of the resident flud from the medium This phenomenon 15 called an
imbibition [7]. Again, when a flmd contained in a porous medium 15 displaced by another of lesser
viscosity, instead of a regular displacement of the whole front, protuberances (fingers) may occur that
shoot through the porous medium at relatively great speeds. This phenomenon 15 called fingening [7].

Under certain circumstances the phenomena of fingenng and imbibition may occour simultaneously in
a displacement process mwvolving two tmmiscible fluds and are referred to as finger-imbibition
phenomenon. The phenomena of fingenng and imbibition whether occurmnng singly or simultaneously
i1 displacement process, have gained much importance in the problems of petroleum technology and
hydrogeology and many authors have investigated them from different aspects, for example, Grahm
and Fichrdson [1], Scheidegger [8-10], Verma [12-17], Mehta [4], Mishra [3], Ryjile [3].

The present paper numencally discusses the fingero—tmbibition phenomena through homogeneous
porous medium with the involvement of a layer of magnetic flud in the injected phase. The basic
assumphons underlying the present investigation are that the two flmds are immuscable and the
injected fluid 15 less viscous as well as preferentially wetting wath respect to porous matenals and with
capillary pressure. A numenical solution of the goverming non-linear partial differential equation has
been obtained by two parameter Ritz approzximation method [6]. The graphs of space and time versus
saturation of imected flwd of numencal results have been obtained which indicates the stabilization of
fingers.

2 Mathematical Formulation

It 15 considered here, that a fimte cylindncal piece of porous matn= saturated with native liguid (1) 15

completely surrounded by an impermeable surface (x = 0) and this end 15 exposed to an adjacent
formation of injected liquid () which involves a thin layer of magnetic flmd It 15 assumed that the
later flud is preferentially wetting and less viscous. This arrangement gives rise to a displacement
process in which the imjection of the flmd (I) 15 mmtiated by imbibition and the consequent
displacement of native liquud (IN) produces protuberances (fingers). This arrangement describes a one

— dimensional phenomenon of fingero — imbibition.

Assumung that the flow of two 1mmuscible phases 15 governed by Darcy’s law, we may wnte the
seepage veloaties of the imjected and native liquds as,

Ki EJF'i EJH
Vi= — K + ot H —
& ox ox (1)
En
Vo = - g | 2
Gn ox (1
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It may be mentioned that the term o H {E J

ox

On the nght hand side of equation{l) presents the additional pressure exerted due to the pressure of a
layer of magnetic fluiid 1n the displacing phase (1) .combbimng equation (1) to (5) and then using the
relation

Ei Ky
S S 4
B, K &
& Ny
(7
By Scheidegger [11] ,we have equation obtamed ,
P(asi)+ 8 Kn- K AP, —::.-;HE) _
Ot ox &u ox ox (8)
For definiteness, the following relationships have been assumed
Ki =5
En=5.=1-35 (9)
for the statistical treatment of fingers due to Scheidegger and Johnson [11].
Pc=-Pf51 due to Muslat [4] (107

By using above assumption, equation (8) becomes,
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sy 8 | -8 as: AH
P + K ___ |- ﬁ — o H L =

ch ox Gn ox ox (11)
Considenng -

1 -5i(=, ) =5(x1)
And the magnetic field H in the X direction [ 14]

85 KB 3 s oK A'n 8 [ g
P - 5 - = (1)

In+1
Ot & Ox ox & ox

Where A 15 a constant parameter, Choose due to Mehta [2]
n=-1/21

Equation {17) obtained as
7 T

‘3 a5 as ™y as
= ohgs . — oy — )+ Ol =
o ox ox ox (13)
Where
KPR ok A
G = . Ol =
& P 1§, P

This 15 the non linear partial differential equation governing the fingero imbibition phenomenon in a
double phase flow through homogeneous porous media &4 set of swtable initial and boundary
condition assocated with problem are ,

S(0,t) = Sp atz=0; t=10
S(1,t) = 5, atz=1;, t=10
Sk, 0) = ge=<<| atz >0, t=10

a5 os
— = 0, — =0, t=0

ox = ox ly=
(14)
3. Solution by Ritz method

The weak form of equation (13) 15

11
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1 1 1
ﬂ=fv5idx+ %J.s V05 dx - J.vﬁ_sdx
&t ox ox ox
0 0 0
x=1
— o (sv ai)
R (15)

Putting V' = du , 1 =1, which satisfies the boundary conditions (14), 1t 15 an arbitrary continuous
function. The two parameter Fitz approzmation function 1s

S(x,1) = Cyt) ¢o(=) + Co(D) (=)

(16)
Where (%) = So+ (S1— So) X (17
((E) = S+ (S1-S9 ¥ (18)

Fatz equations are

- - - _
c, J. ¢ dx | + J. g1 2 dx
0 | | 0 _

1 1
2 2 2
Tor |G | 0" " d dx + Cp | By dx
0 0

1
+ G C?J.{qh' b+ df ) " dx
0

_ . . _
-0 |Gy J.‘l}l‘i}l’dx*' C:J.¢’3'¢'1 dx
0 0 _
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+ 0l = ¢Il E -5 [I)l E =0
ox 'X= gx 'X= (10)
and — — _ _
1 1
)
c,° J. by gy dx | + J. b7 dx
0 ] 0 _
1 1
tog | Ca J. g2 " dx + CldJ.¢1'¢'1 $ dx
0 0 1
T G ':EJ.{‘F?’ b1+ d1’ §2) §o" dx
_ _ 0 _
1 1
-oa |G J.‘i}:‘i}l'd-"i + G, J. ¢2' §o dx
0 0 _
+toy | S ¢ E - S s E =0
ox 'X= dgx 'x=0 20)
fori=1andi="2respectively
Cf = oC; and  (;'= o0
Where o x

The equations (19) and (20) are rewntten into the from of

-~ - -~

F 3

2 3 2 2 2
51 + Sp a1+ Sg 55p+ 45951 + 35, (C1+Ca)(S1—50) (8. + Sp)
C].' 3 + ':], 11 + f_':{_l
A i

-
b - S _"'I

12
1 (51— 5 (S1-Sp)(25:1+50) _
+ C1Ca(81-5) (S1+S0) — oy —— = — 02y - =0
;

(21)
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and - 2 2 2 2™ .
Sop T 455+ 35, 35+ 4595, + 85 C: {SI_SU}(251+SD
Cy + C2 + oy
12 15 3
2 2
? (51—50) (S1+5p) (S1—5p) (65, +45)
+ 4 o G5 + C;C,
3 ]
2 2
(B1—S8g) (814 215)) (Sp—51)
- oz &y — Gy — =10
3 - (22
The residual of the approzimation in the imtial condition 15
Y=5(z0) -8 (23)
Using Galerlan method, we get
1
J.[S{I,D}—Ba]d}i=lil; for 1=1,2 4)

0

Obtaiming the eguations

2 3" “ 3 2
S1 558+ 5 58p+ 455+ 35 I:Sl"' Snj .
C1(0) ; + C1(0) B - Be — . (25)

-

and 2 2 5 3
550+ 4551+ 35 35, + 455, + 85 (S;+ 2Sg)
C1(0) . )+ C:(0) ( -6 ——— =0 (0
2 15

-

Talang Laplace transform to the equations (21) and (22) and solving them with the help of Ritz co-
efficient,

Cy(0) = 0.0043913 ; C4(0) = -0.0035032 (27

We get,

(—40.826738 -t) J’

Ct) = ¢ (0.1069225) cosh (42.16343 - 1)

(28)
—(0.0077116) sinh (42.16343 - 1)

—_ -
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And
(—40.826738.t)

Caft) = e (0.1225254) sinh (42.16343 - 1)

—(D.134899) cosh (42.16343 . 1) (29)

The solution of the given problem equation (13) 15 of the form,
- -
cosh (4216343 -t) -

(—40.326738 . ¢) )
S(X.t)=c¢e < (0.0093433 + 0.085538.x-001079 .Xx") -

+ sinh (42.16343 - 1) =

) (30)
The following values of vanous parameters have been considered in the present analysis:
sp=01, 5;=09 B==0001, o;=0125 o;=0137
Tablel: Graphical and numerical representation :
t x=01 x=03 x=05 x=0.7 x=009
0 0.01779 0.03403 0.04041 0.06393 0.07759
0.1 0.02232 0.04273 0.06257 0.08184 0.10054
0.2 0.02551 0.043584 0.07152 0.09354 0.11402
0.3 0.0201a 0.05583 0.08175 0.10692 0.13135
04 0.03333 0.06381 0.09344 0.12221 0.15014
0.5 0.03810 0.07294 0.10680 0.13950 0.17161
0.6 0.04355 0.08337 0.12208 0.15947 0.19a815
0.7 0.04073 0.09529 0.130953 0.18250 0.22420
0.8 0.05689 0.10892 0.15040 0.20861 0.25627
0.9 0.06503 0.12450 0.18230 0.23844 0.29202
1 0.07433 0.14230 0.20837 0.27254 033481
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Figure-1

From the Figure-1 it 15 clear that 5 is increasing parabolically as t increases which 15 quite relevant to
the physical fact for imbibition phenomenon In this phenomenon, first imbibition occurs then
fingenng. Therefore due to fingenng the saturation will increase as 5 and t increases

Table -2
X i=01 t=03 t=0.35 i=0.7 i=0.29
0 0.01190 0.01555 0.02031 0.02654 0.03467
0.1 0.02232 0.02016 0.03810 0.04978 0.06503
0.2 0.03260 0.04250 0.05564 0.07260 0.00407
0.3 0.04273 0.05583 0.07204 0.09520 0.12450
0.4 0.052712 0.06888 0.08000 0.11757 0.15361
0.5 0.06257 0.08175 0.10680 0.13953 0.18230
0.6 0.07227 0.09443 0.12337 016118 0.21058
0.7 0.08134 0.10692 0.1394609 0.18250 0.23844
0.8 0.00125 0.11923 0.15577 0.20351 0.26580
0.9 0.10054 0.13135 0.17161 0.22420 0.20202
1 0.10947 0.14320 0.18720 0.24457 0.31953
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Figure-2

The graph Figure-2 x versus 5 linearly increases as X increases. The graph imtially start from 5 = &g
when x=1xp At different times ift increases, saturation increases linearly.

some specific values of parameter have been considered as per standard literature available. From
graph we can study the nature of the phenomenon

4. Conclusion

Here, we have discussed a numencal solution of a mathematical model of fingero imbibition
phenomenon in a homogeneous porous medium involving magnetic field with using a two parameter
Fiatz approzamation techmgue Equation (30) is a resultant solution for saturation in terms of

exponental and hyperbolic functions

For the sake of convemence in the mathematical analysis, some standard relations of saturation and
capillary pressure are assumed, which are consistent with physical problem The solution of injected
liquid 15 obtamned under assumption that average cross sectional area 15 occupied by the fingers The
numencal as well as graphical illustrations are given by Table-1, Figure-1, Table-? and Figure-2.
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