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Abstract: porous medium saturated wi, te5idepy g
: initinted under imbibition ang |, 4 Uig |
The present pap’ernumeric,,-llydlscusscs the resident fluid is pusheq 4, g
the phenomenon of fingero-imbibition in & 1o ondary recovery process \4.,'. e §
double phase displacement process through these comjoint  phenomeny -1\”“ N
homogencous  porous  medium With 1 1 bibition. It is well known that whep, fl_m;zur..
4 Poryg

involvement of a layer of magnetic {luid in the medium filled With some  resigey; |
injected phase. This phenomenon have much B B comect with anotre 1, ig
importance  particularly 10 petroleum Bt et the mediun, lhw‘wlmh
technology and hydrology. The basic equations IR 1o of e wetiing ui € s g

i o Mo (he
[ the flow led with analytical . ¢
i oW ‘aystem caupled ¥ medium and a counter flow of the resid

; : X B y ‘ ent flug
onsideration for additional physical effects . )
¢ or addi phy from the medium. Such a phenomeny gy,
yields a nonlinear partial differential equation e €

due to the difference in wetting abilities i
whose numerical solution has been obtained by |
reduced differential tansform method.  The

graphs of the numerical results indicate the

called counter-current imbibition. Similyly

when a fluid contained m a porous medin |
subilization of fingers fiisplaccd by anoth%'r fluid of lesser viscosity
instead of regular displacement of whole frong
Key words: fingero-Inbibition protuberances (fingers) may occur which shoo
through the porous medium at relatively gret
speeds. This phenomenon is called fingenng of
|| instabilities. The phenomena of fingerng o
Mce dyetion imbibition occurnng  simultaneoush
displacement  process, have gained
current importance duc to  therr freqoent
occurrence in the problem o petroledt®
technology and many authors have dis

phenomenon, Homogeneous porous medium,
RDTM

mbh

. The present paper deals with the
phenomena of Fingero-Imbibition in double
phase flow through homogeneous porous media

(=]

e U-‘“Ad

| involving magnetic fluid. This pheno | -
arises on account of simultaneous occurrence them from diffierent point of viev ;‘
| , the underlymg assumplions are Lhat 4

two fluids are immiscible and the injected flo

Iv \h“mq'

sl ¥4

! s hf-mawllaspww“"'




3T} __Sewest iternational Muithigtipfinary Refecred Jowrnal 4
gy pressuse. The  mathematioal W here '
fooebton of bacc wquabons Vickds a Noo- lﬁ)-ulrilr'

Y= ﬂal i vt R i }
git+ 2)

wow pardal &iferontal oquation governing

’“ finporo-aabdeton 1 the mvestigated

dbiosd  displacement  problem A K= The permeabulity of the
samorkal solution s obtaned by Successive homogeneous medium !
over Retsxabon Method K« = Relative permeability of mjected

} Statement of the Problem: fluid, which is function of S,
i

We consider here a finite ovhindncal K, = Relative permeability of mjected

| mass of porous medium of length L(=1) fluid. which is function of S,

tmaed with sative hqud (o) . 1 tel

i S N oy S, = The saturation of injected fluid
semounded by an impermeable surface except

for one end of the cylinder which 1s labeled as Se = The saturation of native fluid

$he mbibinon face (x=0) and this end is
exposed 1o an adjacent formation of “injected’
Bgud (w) which mvolves a thin layer of P, = Pressure of native fluid
' smtable magnetic fluid. It is assumed that the
laster flmd =5 preferennally wetting and less |
viscous. This arangement gives rise o a || Viscosities

P, = Pressure of injected flud

O 0o = Constants kinematics

dsplacement process in which the injection of st it o s

_ ‘= Acceleration due to gravity.
the fluad (w) is mitiated by imbibition and the | ¥ ik
consequent  displacement of native liquid (0) Neglecting the variation in phase

produces  protuberances  (fingers).  This || densities, the equation of continuity for rmeeted 3
amangement  describes a one - dimensional [| fluid can be written as: '

=
A -
&

phenomenon of Fingero-Imbibition. I 3 p(-,—;“'*) © (%! Pt ; el

Where p 1s pwsnyofthe nedium.
mmmmﬂf lvm.. R S L
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| imbibition phenomenon for the flow of two
| immiscible phases through porous media,
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P the dcfinirion of capiliary preshiré
Jiscontinnity betwoen (W0
P, = he pwossale

phuasen viehds
5) ﬂcﬂ.*—?,
Substiating the valoes of Y, and Vi

from equstions (1) & (2) into aquation (4), we
=~

| ) (E)x[S2emy o R b L =

Thus equation (6) reduces to the form,

7 (—:: 5:)),,,;,
%n.;u.

i : ield
i Equation (1) together with (7) yields

e L OH) _
j 6 Vo "(x,,a,i-xwa,)x Hax] 0
Substituting equation (8) into (3) we get,
Wy KyKy aPc
oG [(E.mra: K
vH %‘}]=o
This is  the desired  non-lincar

differential - equation describing the finger-

Since the present investigation involyes |

M :!H fluid and m@cms native fluid, || conditions associated to problem (13) are

10) p(= —) + f{

(&) K [

As this stat, for defin g,

mathematical analysis, we ..

relationship due 1o Scheidegg.., : g

il . A&
[11]. between phase saturatie,

permeability as

11) KW - S‘Wrg() -1 - Sw and P

"'Busw il

Where B, s

coefficient. Substituting

CapI”ary
the
eqlﬁﬁion (L1) into (10) we get,

12) p (asw)

YH D

Considering the magnetic fluid H j, the |
X-direction only, we may write [27],

pr‘-'\m;r.‘ ;
-

Ve 5
d]lth i“‘ﬂ]

ox

e (CEER I
0

T
}
i
|
|

=43
LN |
where A is a constant parameter and p i :m

integer. Using the value of H for n =

==l
equation (12), we get,

o5 2002 o) -

9 )L (0-s%) |
K0 (1= 5 = 0 |

A set of suitable initial and bounda’ |

14) S,.(x0) = Sc forallx > 0
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| vélues are shown by table. Curves indicate the | |
-Wﬂfmmnnf watercompmﬁins

15 5008 SLy=
$, foraft20

‘ Equation (1) u redyced w
E Te m.s‘,(m =1 -8 (xt
O m xt) wiX 1)
And then oquation (13) takes the form
4 My 4
16) 2= (80 TF) = Co g (Sux)

s’!.'

Where Co =

With auxiliary conditions
siem=1-5 0<x<l (16(2)
st =1-5, forallt (16(h))
sL0=1-5 forallt (16(c))

In equation (16), the asterisks are
| dropped for simplicity. Equation (16) is desired
nonlinear differential equation of motion for
e flow of two immiscible liquids in
homogencous medium with effect of magnetic
fuid.

1

Differential Transform method. The numerical

differential inverse transform of Uy(x) is

The problem is solved by using |

Lt W.W"‘r Referred Jowimnal p

.'Atm‘ e butiad condition S

B ™ f(x)
17 Mz » '_' :
The problem 15 solved by  reduced |
differential transform  method because our |

equation is non-linear  partial  differential

equation

Reduced differential Transform Method

The Basic defimstion of RDTM 1s given
below

If the function u(x,t) is analytic and
differential continuously with respect to time 1

and space x in the domain of interest then let
1[a*
Uk = H EFU(K' l}]

Where the t-dimensional spectrum
function Uy (x) ie the transformed function .
u(x,t) represent transformed function. The

defined as follow
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Now b’ inverse Trinsfnrm

-
A - L) -. ] e ". - .ﬁ '_..hz.l.;. T u(xt) = Z [}k(xhk
3 . et - - e R°C “,I' e e ' N P =g
5 F "--“_' ! L ,—.. _ 3 LIV . | i _-,‘ - "‘_-‘ .' ‘-

' A\ :. . ..” : W(X.T)
o =leell) s»..(xrr“-»sm(xrr +s

\-2[75(‘”"‘.;
s S '
_-. - Io__!"‘. < _Av .-
i ‘v' - ‘}' ;:.'_ -~ - _.- | & .
R a4 Swlx,t) =

1 =1 [ o i ] 1
) = _ ! el I o |
“o cond e g 5 » 11‘ L e T+
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represents the |

different values of x and Y-axis represents
saturation of injected liquid in saturated porous

media. It is clear from graph that, for each

hiquid

fluid increases with

saturation of injected

increases in value of x and saturation is also
inclmmwitheachvalueofxwhenmis

. Physics of flow

through porous media. (Revised Ed.).
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T Solutions of Fingero-Imbibition in Slightly 1y

pin
porous Medin Involving Magnetic Fiuiqg Mk
. | w . J
priyanka S, Patel’, KA Patel”, Rid. Prof, p 1 Bhathawaly'
'Researvh seholar, Pacifle universii Uidiipuis
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Q‘W College, Pilval
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el V| Shatk ¢ Mg iy ¢

- y nﬁr;w‘u‘ulh‘ discuses the phenomenon of flngero imbibition in o d

v N“‘ ! [u finih

e throvgh stightly dipping porous medium with (nvolvement of  fayey o v "‘ff,‘);f;::hbllﬂn':v
4 o In

w. This phenomenon is assumed fo occur in a double-phase displacemens Process involyy
s of small viscosity difference in which the infection ix imitiated by imbibitions um;';l!
ment of the relutively more viscons native liguid produc ex fingers. The basic "rﬂnmm:

. W M"d with ‘m‘d‘vm‘u[ conslderation for adiditional physical effects iy a mostl inear
) . Ll
tial equation whose mumerical solution has been oblained by reihiced differeniial trangform

Imbibition phenomenon, Homogeneous porous medium, RDTM

Z I.  Introduction

present paper deals with the phenomena of Fingera-lmbibition in double hase flow the

0 pm.-aeked and slightly dipping porous media involving magnetic ﬂuidr., This phcml)tl:::g:
ant of simultaneous oceurrence of two important phenomena mbibition and fingering. We have
t injection of preferentially wetting, less viscous fluid {nto porous medium saturated with resident

ded under imbibition and in consequence, the resident fuld fy pushed by drive in secondary
ess. Verma called these conjoint phenomena as Fingero-Imbibition. The phenomena of fingering
oceurring simultaneously in displacement process, have gained much current importance due o
occurrence in the problem of petroleum technology and many authors have discussed them from
L of view. In this paper, the underlying assumptions are that the two (luids are immiscible und the
s less viscous as well as preferentially wetting with respect to porous materials and with capillary
' mathematical formulation of basic equations yields a Non-linear partial differential equation
th fingero-imbibition in the investigated liquid-liquid displacement problem. A numerical solutior
Successive over Relaxation Method.

Problem:
sider here a finite cylindrical mass of porous medium of length L(~1) saturated with native
ly surrounded by an impermeable surface except for one end of the cylinder which is
 face (x=0) and this end is exposed to an adjacent formation of ‘injected” liquid (w)
layer of suitable magnetic fluid, It is assumed that the later fluid is preferentially wetting
arrangement gives rise to a displacement process in which the injection of the fluid (w) is
| the consequent displacement of native liquid (o) produces protuberances (fingers),
describes a one - dimensional phenomenon of Fingero-Imbibition. The cylindrical of porous
at small angle & with horizontal only and remaining process of Fingero-Imbibition goes us it

Problem: 4
- flow of two immiscible phases is governed by Darcy’s law, we may write
ected and native fluid as,

'-wll-a;;;l-m,;me] )




Nosmerical Soiwionss Of Fimgero-imbibirion In A Stightly Dipping Porows Media Imvolving Magnetic
3 W A’ {

gt + 2)'

v-"l*"

S, = The ssturation of ingected flud
S, = The saturstion of native fliid
P, = Pressure of injected fluid
R " = Pressure of native fluid
;-mﬁchwﬁ).
Where the phase densities p_&pomreguﬂedncorm:m.ﬁ.andé, are assumed to be invariant to

magnetic ficld, and 8 is inclination.
Neglecting the varialion mphnedumﬁu, the equation of continuity for injected fluid can be written as.

"(a:) (%)‘0 &

Where p is porosity of the medium.
Fn-hma'plnmuwobvwmthnt Sy + S, = 1. The analytical condition (Scheidegger,

1960) governing imbibition phenomenon is
Vo +V, = (4)
From the definition of capillary pressure P. as the pressure discontinuity between two phases yields
B=F—P, 5)
QWBMM(I)&(Z)megEqmanH)&(S)weoan

ap, | Kt [ %+ psin] - Ko [F2 +,gsine]| @) ¥
J

- .
| 5 :
s g e
|
v-fx.lﬁ.-!-l(./a.)lax H——+(p, - P)gsme] -
O e Hon 0 ::-Mmmmmdmmmefom

v, _ﬁ apc 1H +(p°—p_,)gsm€l] (8
mmmc)m
»(52)+ % s (o, ~p,Jesin0] ) =0 ®

At this state, for m of thc mathematical analysis, we assume standard relationship due to

mdM{lemmﬂpmmmnmdwlmvemmubdnyas
_Kw Sn__sn"‘l Swm_&‘-"’ﬂosw




y O Fingero-mbibition In A SHghty Diprm r...
l‘)"‘ - S forallt >0 e
A 1 =Sy, forallt >0 ' (i)

. wmﬂmm’(m(tfmwwm for the flow of twe 13(¢) )

,- with effect of magnetic fluil. “MMM. ansdy |
i m by wsing Differential Tramsform method The
o the behavior of saturation of water corresponding w v s

ot e !Trs-"h"v.: (LB
-~ —a

mmtrﬂ -u‘hm are

Ay g

s ““"‘L“"h‘d-n
Il Solution Using Rdtm Method
B a2 o 25
-;,---a;(a )G+ (35)

va (S')r (S (S ) )1 Cﬂ(s ")r +C‘[SU)1

al oondition S, (x,0) = S = =/
fx)=—— (14)
1 is solved by reduced differential transform method because our

Squation is non-lincar

ential Transform Method
definition of RDTM is given below
) is analytic and differential continuously with respect to time t and space x in the domain of

18"
Uy = = [B 7 u(x, t)]
al spm:m function U (x) is the transformed function . u(x.t) represent transformed
al inverse transform of U, (x) is deﬁned as follow

u(x, t) = Z Uy (et
k=0

o 1[0
ulx t) = z’—d[ﬁu(x, t)] &
=0

[Z(SW!')(SWUK-?)) ] + [(Swl:)x)zl = Cu([(swk)x(kx)] + Sk (x))

~ +G(Sum) (15)
,C =1 ﬂlenxput initial condition (14) into eq. (15), So we get Sy (x) as following

[6500) S )sx] + [(Swo))?) = [[(S0) (©)x] + Swo ()] + ((Swo)e

(E=D6%0)+ () -0+ =65

20 —eX +e~1
Su1(x) = (e — 1)2

"(Sm-ﬂ) ]* ()] = ([t )e (k)] + Sur () + Gut

)z] (E(Sm)x(l 3’)] + 501(‘13] + (Swidx
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,,mm_“,u{m_“),n.(”z,)."’ pret 41608 plx41)e? 2= 43 =T0 k1

1031 —(j4=-Br)e? 11 —(2—4x e
= i
generated other pol nomials ing different values in equation (18)
w orey bso ; il inverse transform
u(xt) = Z Uy ()"

k=0

S (0. T) = Sy (OT® + Sy QT +8,2(IT? + -

=1 0 +z-3’-e"+--a.r, 1062741 (14 —8x)e 25+ —2—4x)e 2 o (142x)e " H b (x4 1) 2 T2 4

Se(xt) =" fe-1 * (e-1)* 2
16071803 +(13—4x)e 2" 4xe* e 4307 ~30 41 T2

(e=1)* 2"

INII.  Table And Figure
The following table shows the approximate solution for saturation of injected liquid for different
values of x at different time using RDTM

T0 [ 701 | T02 [7=03 | 1%04 | 705 | T=06 [ T=07 [ T1=08 | 1=09 [ T=i
[N 0 0 ity T 0 0 0 0 : 0
00612 | 00538 | 0048 | 00449 | 00428 | 00412 [ 004 | 0039 | 003k | 00375 | 0.037

| X
0
o1 )0
(o2 : 01125 [01032 [00971 | 00929 | 0089 | 00874 | 00855 [ 00839 | 00826 | 00815
03 | 018 0.1665 [ 01578 [ 01517 01472 [ 01437 | 0141 |0l 01368 | 01353
04| 0: (03395 | 02285 | 02308 [ 02181 [ 02107 | 02073 | 03044 | 02021 | 02001
_%if_ 0323803111 _| 03023 023907 | 02867 %zg 02807 | 02785 |
_ 04214_| 04079 | g,%o 03862 | 0 0. (03733
E 105346 [ 05216 _| 05125 | 05088 (049635 | 04931 | 04903 | 0488
0 071 _p_ﬂg 06477 | 06421 | 06377 | 06342 | 06313 | O 0627
,%!___ 08 0822 [08133 | 08085 | 0805 | Fown omor [o7e 07968 | 07956
- 1 ] 1 1 I 1 1

saturation of injected liquid at different time
12
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ABSTRACT: The longitudinal dispersion phenomenon of miscible phenomenon of miscible fluids in porous media is
discussed in which the flow is unsteady. After the mathematical formulation of the phenomenon get a non-linear partial
differential equation explicitly Burger's equation. We get the series solution of the problem by using Reduced
differential transform method (RDTM) & also derived numerical solution by MATLAB. This type of phenomenon has
been of great importance to hydrologist & in oil industries.

KEYWORDS: Miscible fluids, longitudinal dispersion phenomenon, Burger’s equation, RDTM.
L. INTRODUCTION

The present paper discuses the solution of longitudinal dispersion phenomenon, which arising in the miscible fluid flow
through homogeneous porous media. In a miscible displacement process a fluid is displaced in a porous medium by
another fluid that is miscible with the first fluid. Miscible displacement in porous media plays an important role in
many engineering and science fields. Among many flow problems in porous media, one involves fluid mixtures called
miscible fluids. A miscible fluid is a single phase fluid consisting of several completely dissolved homogeneous fluid
species, a distinct fluid-fluid interface doesn’t exist in a miscible fluid. So that the interfacial tension between them is
zero. The problems of dispersion have been receiving considerable attention from chemical, environmental and

petroleum engineers, hydrologist, mathematicians and soil scientists. Over the past ten decades longitudinal dispersion
in porous media has been studied and correlated extensively for gaseous and AQUEAUS: Systers

Il. RELATED WORK

Several researchers have discussed this problem with common assum

; 3 tion o s with constant
porosity, steady seepage flow velocity and constant dispersion COeP f homogeneous porous media with

fficient but their techniques are different such @

by Adomain decomposition method and they also employeder;ca}l; fwgraphical solution of dispersion phe:g;eﬂ
longitudinal dispersion of miscible fluid flow through porous media in o) approgch t(? Backlund transform
Ravi N. Borana, V.H.Pradhan & M.N.Mehta [8, 9] obtaineq Nu Otl reservoir during secondary recovery P

: o . ite
difference method and they also discussed numerical soluti merical solution of Burger’s equation by using fin

i . P . ! jon
phenomenan in fluid flow through porous media by Cran Ck-nicg(n sozf Burger's equation in longitudinal dasp:"‘““]
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Jved Rurger s oqaton mn ne dimensional ground waler recharge by aprending numerically by ¢! lomaet opy Analyses
:M & they also derived Mixture of New Integral transform & Homatopy perturbation method 1o solve Burger s
qabion anising n the longitudinal dispersion phenomenon R Meher & M N Mehta [12] disoussed 3 new approach 1o
packind sansformations to solve Burger's equation. Kajal patel. M N.Mchta & Twinkle R }mgh f11] studwed a
cduan of gae-dimensional dispersion phenomenon by Homotopy Analysis Method, Rudraiah et al [N]Ihhe
prowaded amahytical study of the dispersion in saturated deformable or non-deformable porous media with or without
P reaction. considering a series of particular cases selected through different practical problems using different

models. They obtained basic equation using mixture and homogenation. Different analytical and numerical

maddls & valid for long time (asymptotic) and for all time (transient) are explained.
L. STATEMENT OF THE PROBLEM

\iiscible displacement in porous media is a type of double-phase flow in which the two phases are completely soluble
= each ather. Therefore capillary forces between the fluids do not come into effect. The longitudinal dispersion of the
mpure ov saline water with the concentration c(x, t) flowing in the x-direction has been considered, that the ground
wgt=r recharge takes place over a large basin contain homogeneous porous medium is saturated with fresh water. The
miscible flow under conditions of complete miscibility could be thought to behave locally at least, as a single-phase
fisid which would obey Darcy’s law. The change of concentration, in turn, would be caused by the bulk coeflicients of
&Susion of the one fluid in the other. There is no mass transfer between solid and liquid phases, is assumed [2]. The
miscible flow takes place both longitudinally and transversely, but the spreading caused by dispersion is greater in the
direction of flow than the transverse direction. One dimensional treatment of these systems avoids treatment of a radial
o transverse component of dispersion. We only consider the dispersion phenomenon in the direction of flow ie.
jongitndinal dispersion, which takes places when miscible fluids flow in homogeneous porous media. The problem is to
describe the growth of mixed region. i.e. t0 find concentration ¢(x, 1) of the impure water as a function of time t and
position X, as two miscible fluids flow through homogeneous porous media. Outside of the mixed zone (on either side)
the single fluid equation describes the motion of fluid.

IV. FORMULATION OF THE PROBLEM

According to Darcy’s law, the equalig! of continuity for the mixture, in the case of incompressible fluids is given by
-éﬂt +V.(p7) =0 1))
Where '’ is the density for mixture and 'V’ is the pore seepage velocity vector.
Tbeequnon of diffusion for a fluid flow through a homogeneous porous medium, without increasing or decreasing the
dispersing material is given by
dC AL
SV =V, [pDv (3)] ()
Where “C" is the concentration of a fluid in a porous media. D is the coefficient of dispersion with nine
composents Dy In a laminar flow for an Incompressible fluid through homogeneous porous medium, density 'p’ is
constant. Then equation (2) beoomsé
C
S +7.(V0) = V.[DVC] @)
:: us assume that the seepage velocity ¥ is along the x-axis. then ¥ = u(xt) and the non zero components will -8
: D, = D, = y (coefficient of longitudinal dispersion) and oth Components willbe zero [6]. .

Equation (3) becomes, ; ' SRR A

ac aC @*C b mus _ T

w s Yox ) QR R
M' . a ' ax e . s
Where u is the component velocity along x-axis which is time dependent as well as concentration along x
Siretion and D, > 0 and i s the cross setional flow velocty in porous media SRl
u=ZE2 Where x > 0 and for Co = 1 by [6]. Equation (4) becomes : v

i

M A= A R ﬂw 0
; . -7, el -1 .
Sl = B i gl

s
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Where ¥ is the coefficient of the longitudinal . S ion of miscible fluid flow through poroys Media
incar Burger's cquation for longitudinal dispersion of semi finite hom

m:snﬁ “l?::ol:‘\: mﬂne; ‘I’g‘dim(‘" n unidirectional mp‘;;!inor ‘h;aoen?:i\:::nm;mtmimu???gms Sion
media. The MQ flow velocity of impure water is assured MO ;mc The porous medium is Cmszduw %
considerad as an input highest constant concentration of impurity at X = 01is Cy. ' "t
nonadsorbing. ' rodynamic dispersion with in a semy fin

- > : tion (3) for longitudinal hydrody s o
mc governing ‘;::E?n :i'im':‘ m‘:?;:u. :imtal flow field in which y is the |t‘mgltudml‘.l-| dispersion coefficien, ¢ is
the average E“';; sectional concentration, u is the unsteady seepage velocity, X is a coordinate parallel to flow gpg tis
time.
We can write equation {(NasC(xt) =yC,.—CC . :
The problem ie:sol\-ed by using Reduced“Diﬁ%r&tial Transform mst‘hod. The numerical values are shown by table
Curves indicate the moisture content corresponding to various time periods.

V. PROPOSED ALGORITHM

ac ac  aiC
oc i e 5
xS g ®)

Taking y = 1 & the initial condition € (x.0) =G = f(x)
fx) = e © s
The problem is solved by reduced differential transform method because our equation is partial differential equation.

Reduced differential Transform Method

The Basic definition of RDTM is given below

If the function u(x, t) is analytic and differential continuously with respect to time t and space x in the domain of
interest then let

1t
Uy, = F[:?Fu(x t) |
Where the t-dimensional spectrum function Ui (x) is the transformed function. u(x,t) represent transformed function.
The differential inverse transform of Uy (x) is defined as follow BBV eprmnnt i

wxt) = zf%(x)ﬂ
&~

o XRLT g oA

ulx,t) = Z E[wu@xg}]ﬂ
k=0 L

Apply RDTM on (5) .

(k+ D@0 = (@0se - |3 (e, '

Now let k=0 then put initial condition (6) into eq. (7), So we | ve the v ) as followi "
y - it el ol e
WaGED = (e | Vi) (e, e B I R

Copyright to WIRCCE
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1
(2)Ca(x.t) = ((Cy)ex — [Z(Cr)(cm—r)),
r=0
@G5, 6) = (C)x = [€0)(Ca-0), + € (C1-1), ]
= e *+ 4e-2x = [(e-x)(_e—x o, e-ZX) i (e-x -+ e—?.r)(___ e~z)']
= g ¥+ 4e-2x = [_ e-Zx = e-:lx ~l e-2x = e—axl
e*+6e* 43N
Cz(xa t) = 2

Now let k=2, X

(3)63(1': t) = ((C2)xx — [Z(Cr)(c(k-r))x

r=0

B0 = ((€2)xx = [(€) (Cemn), + € (Camn), + (€)(Can), ]
=e*+24e X +27e ¥
—[e™)(—e*—12e* -9 )+ 2 (e + e ¥)(—e*—2e%)
+(e™+6e > +3e ) (—e™™)]
1 :
=E[e"" +24e72 4277
—[—e-12e ¥ -9 ¥ +(-2e ¥ —4e ¥ -2 = 4e7¥)
+ (e —6e 3 —3e*0)]]
Gx,t) = -6--[ e X +28e > +5le 3 +16e7%]

In this way we can generated other polynomials by putting different values in equation (7)
Now by inverse Transform

o

ule 2= Uy (x)t*

C0t) = Co(u O + €, (x, Ot + Col )6 + Gy, 0)E3 + o : : s

Gt = et 4 (e 4ot 4 (e e ™ 420 4300 (e 4 28e 4510 4
m{&)’z:-‘“ ¢ i - ‘ .k.__,_”. :_, ._ g e
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VIL. CONCLUSION

‘em and numerical solutions have been obtained to predict the possible concentration of a impure water in
‘mseady ay ‘.ﬂmﬂimcuona, ¢ 1 seepage flow through semi-finite homogeneous porous media. Focus to the source
‘M_ = that vary with the distance x

AL vary and time ¢ > 0. From the tabular values and graphs it is conclude that as
ﬁm: and time t increases the concentration of th The .

Beimpire water decreases a0 g 1 e impure water stc?adily deerwses-. T!\e concenn'at:lm C'(?c,_ t) of
by < e ce x increases f9r the any fixed tlme': t. Here the initial concentration of impure
B concentration oF e wal:"‘_‘-asels as distance x increases for ﬁxe.d time t. It is physically fact that at the source
clude form the ek (fig-) ogézn;::ryt:_ hlgh;:st and it is decl.-easm'g & chsper'smg t?-om the source. Here a_lso
Wpure water js iy Hfor Facgeins ation o nmpure water versgs time t for given dlsu_mc.e X, the concentra‘tnon
_. gy g mall time t and ‘then it becomes steady and constant as time t increases for given
CC, 1L is clear that at the initial source the dispersion of impure water is not fast. therefore the

e Hon of impure water s slightly decreasi i i
%hm P aiven dliinn e < y dec ing for small time t, for fixed distance x and then it becomes constant
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