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, 1 , 111\' d1sl'11ss1.'~ 1 he p1'C~t,;nl p,,pl't ll\lillL I \ · 

~ j 1 , 1111b1htlllll\ Ill ,I lh, \'ht llllll\Clllll\ 111 11\l,l.illl 

I \II -. ,,t.1•'l'lllllll \)t11L'<..'s:-; th1ough d1111hk• l' \,\S(' ' ' 

honh,gl'll~l)u:. p1)1,n1:- medium wtlh 

in, ,lh l'llh'HI i)!' ,1 Ill\ l't of m.1gni.:-l1t~ lluid i11 the 

I I h,l\'O 111\Jt:h 1"Jl'l'l~·d ph.,s~'. This p 1~nOllll'tll)l 

tlll{HH1,llll'C [Mlllt'lllllrl) Ill J'L'IHlk\1111 

tl:d111oll1'.~~ .mcl hydwlt,g) I hL· h.t~IL' L'qt1.1IHlllS 

i)!' th1.:' llL1\\ ') :.tcm n1upkd ,, ith an.ii) I IL'HI 

l'lllt:-11k1,11 in11 ll'l ,1dd 11 il%il ph, s1ca I dli:1·ts 

, ,dd, ., 11,,11l11war p,1rt1,tl difll'tl'lltt,il l'q11.lti1111 

\\ IHhL' 11\llllL:t tC' ti sulut1011 lu," b~t·n (1bllllllL'd h) 

l\',hll'C-d d11'!1.·1L't1tiul 11.111~f111111 11wtlwd. I ht' 

gi.1plis 111 tlw 11umc111..\1I rcsulb 1ndu:,Hc tlh.' 

~1.1bilil',ll t1ll1 nt' tim!.l't" 

"01d, ti11gt 11l lmh1b11ion 

plw11t1m1.-1ll,11, I hlt11\lgt'lll'i.)ll\ p11111us medium, 

1{1)1~1 

lntrodudion 

1 ht pt l':,Cnt p,q'1. l d1.' Is \\ 1th tht 

ph1.•11onwn.1 111' rmg1.'h) lmb1btt1 ll Ill do bk 

ph tSt flc1" th1011f h h('l\lt\ 1.'nl'l)\h pu1uus m:d11 

1m oh tn I m 1 ncnc thud 1 Ill, ph1. nom non 

N11111t·1h.1lt.11l11tH111sol 1•1111.:c, 11 I 
ho11111g1·11c•o11s 111t•1h11111 Ill\ uh 11111 

111111 "•11, 
11 ~ 1111g I r11, UltHII ,t l'nt, / 11 111 fl 

l{e 11 c lt ,chol 11 , Pnc t!1 11111 
1 

' 
h I, /'11/r/, J1,1,,1111111·1t1 fJf \fflt/ I 1 11 ,,.,,,i I 

Sh111Jl'1\11s81111M<,1'111h11~, 11 , 

V I Sh,1h I '111 11111 ~11.;c I r.11 
1 11

1
1 

& 
/l(I/, I'm/. l'. IT.JJ/,11tJ111 11•,11,: •1 

1Jq1,11t111L·111111 t,.,l 11hc111111l. Vf\.StJ! 

pn1u11s 111t·d111111 ~.11111.ilcd w11h 1c 11 
• < Crl( flu1(j 

i111(1,11t.:d lllllk' I 1111h1h1t11111 ,111{1 Ill 
C1111 '( 

IIIL I 
1hr JL·sidcn1 llt11d 1s pu'>l1cd hy 

d11 L 

s~'t'1lllllill y ll'L'O\'C l Y pl 01,.es:.; V 
(!1 lll,t Cull 

I 

the:-.L' L'OllJ11111t ph1.•110111 c11a H'i 
1 111gt·rr 

Ji11b1hition. It is wl'II k11ow11 th.it \\hen, ' 
"rorc1 

1m·diu111 lilli.;d witlt Sllllll: lt:~1de111 0 
U1d I 

hi nught inlu l 011tuct with .i1101hc1 flt1i(I 
1 W11c 

preli.·1c11t1,tlly wets tilt· 1111:d111111, there 
1
, 

sptllll<llll'llllS llu\\' or thl' ,, ~,1111g llu,d 11110 Jhe 

llll'dtum 1111d u cou1111:1 110,\ ol 1h~ 1c'-Hlent fluid 

liolll the lllL'dn1111 Such " pht llOlllcnJ ,rn~ini 

due tn 1111.~ d1fft:1L'IH.:C 111 \\t:t1111g ,1bilt11c 1 

c,1lkd countc1 cu11i.:11t 1mh1b1t10n Sun lnrl} 

"lii:11 1 llur<l cn111,1111cd 111 " porous mc<l1Jm 1 

d1spl,1cul b) Jnothct lll11d of lc~'it:t , t~c ,m 
111,l('itLi of rr ,ul,tr dt"plnccmc111 of\\ hol fr " 

prowhe1;111ccs (lingc1c;;) m \ 1>1.. ur \\~t .. h, 

lhl()ll •h the porous medium ,tt rd,ltthh gr 

s.pc~d, I hh phrnomrm n h <.:all d tm 1:n 

111,1, b1lll1C\ 1 hl' phrnomt:n 

11 Pl 11()'1 

d -..pl ~u 1..111 p \ ~"'" ,, 

I.: ll I l h tl 



hhm: 

x n .J ch.1 , .. 'ud 1:-

~ ... --m fr•rm O\'lll of · mJ ... •1..· tc-<.r 

tn\ oh .. ~... '1 chm Ll) ... , of 

:- ~ ~· tlu d It 1, a" ann.·d th;n th .. ' 

;I\ ~' n s t' to a 

• r .. ~ b) 11nb!b1twn and th~ 

... ~m ~1 t of n:tll\ .... lt \.jlltd (o) 

(finga, ). ] tll'> 

d mien-; tl)n,11 

r;::tw:nt"':::~tm ·t f u~t"ro- lmb1hlllon 

Formuh1tion or the Prohlrm: 

\ '" mm::, thJt f l( th) \\ 0 f [\\{) 

xt~ ... p ·, , t', 1, !!l n 'l."'n h'd b, D,u-c- , ·::; Ll\\. 

or 1nJc.:rt'u 

h 

u ,I h h I 

K Rt.'I lllh p, ti) 

lhnd. "fud11, luni:twn of So 

Sw = rhc , unu,iti l)ll of UlJL'C i.;d flutd 

S0 = 1 he snturJlwn of natt\ c fluid 

I\ \ = Prc:-;surc or injected fluid 

Po = Pr~sSllll' or ,utivc lluid 

0w,1\1 = 

\ iS\.'OSlll\.'S 

Constants kinem,1ttc~ 

g = A1x1..'lt.'1,1t10n due to gravity. 

Nl·gl1..·ctmg rh'-' , ari~ttion Ill phnsc 

de11s1l1('s, 1hr rqu~1111)n t)f continuity for 111j~ct1:d 

llutd c,m b1: \\'tittrn ,ts : 

3) ) (tlS") + (i"IV."') ~ Q 
J r)t 1lx 

\\ hl'l\.' p IS pon)Si(~ of th( llh.'uium. 

t'rnm thl' dl'finition of pha~~ saturation 

it IS oln !OllS that s,~ + So = 1. Th~ analytical 

nrnditwn tSrhe1d~f!ger. I %0) governing 

1mb1b1t1on ph~non1l'non is 



\ d \ 

r~ucc:> to the lbnn, 

E.qu. t n (I) together with (7) yields 

\ ( K, K ) K llll-'c - 11 ~] = 0 - Ko.S +Kw60 ox y ilx 

Suh ;utut ... qa 1t1on (8) 11110 ( 1) we gi:t, 

9) p ( t ) +-; l (K 

tt/J]-u 
K Kn ) I( lcll'c _ 
w+-Kwoo ,Jx 

Tht ,., the di.:sircd non-I 111<:ar 

JJflerl'nlwl cq11.1t1011 <lc,c.rib1ng 1h~ I 111gt.:r-
1mb1b111on phenom1:11on for 1h~ Jlm\ ol' t\\ 1) 

1mm,~c1hle phu!)ec; through porous med111. 

Smee the p1csi.:111 1mc-.tigat1011 rm olvcs 
mJcctcd fluid and ,1 , iscou~ nattvl' fluid, 
therefore acL:c)J(J111g to Schc,dcggcr ( 1960) 

approxmu11on ,, e 111.iy wrill: equation (9) 111 the fonn 

A tht 

m th r1Jt1t.1l 

1 ,J 111011 l11p du to 

) 

( I l J he,,.,, en phn c llllr lltc n 
pi.:nnc,1bil 11 y 

l I) l<w Sw,So 
Sw c1nc1 p 

-floSw 

Whl're flo 1s capillary 
coet't!c1ent.Substituting the values 

t.:q~-;~on ( I I) into ( I 0) we get, 

12) p (cJSw) + ~~ ((1 _ S ) [-Q ,)Sw at 60 ax w 1-'o a; -
yH ~~]) = 0 

Considering the magnetic fluid H m the 
x-dircction only, we may write [27]. H = ~ 

xn 
where /\ is a constant parameter and n is an , 
integer. Using the value of H for n = -1 in 
l:quation ( l 2), we get, 

(DSw) K a ( [ asw 2 J) p - -- + - - (1 - S ) - ~ - - y"A x = 0 Dt 80 Dx w O ax 

or 

13) (BSw) _ Kl3 0 .!!_ ((l _ Sw) dSw)-p t1t 0
0 cJx cJx 

KyA
2 

d ( ) S:- ax (1 - Sw)x = 0 

A set of suitable initial and bouD<lnr) 

l (I ,,) ·ire conditions associated to prob cm J " 

14) Sw(x, 0) = Sc for all x > 0 



L 1 ) 

t (16Cb)) 

lorlll t (16(c)) 

II ._l'IOJI ( 16) the ate.rim are 

Equaaoo (16) JI desired 

«qUIIJOD of motion for 

of o nmaitdbJe liqujd, m 
.. ._.,. IYflr t witJa e&ct of magnetic 

...... • ,olvtd l,y um1 
DJ&lllillillT.rJDttW ~ 11,e ~ 

I "!-_.~•-•11.·br 1tb1e ·c.-.,,._ ~ th, 

,u;ulL.K;ii:::u dlif&lrent11al 

The B I defiruhon or RDTM 

below 

If the function u(x l) JI analytic and 

d1ffercntlal contmuou ly wnh respect to l me 

and pace x m the domain of interest then let 

Uk ![:ru(x,t)] 
Where the t-dimem1onal spectrum 

function ~(x) JS the tr formed functJon 

u(x,t) repraent traufo~ function. The 

differential mvme tran,fonn of U1c(x) 1 

defined a, follow 



k = 1 

la ] + Swk(x)) 

+ ){S I t ) 

Swi (x)) 

h I \ Tr 

u t} 1> 
Sw(X, r, 

~y (x)TO + SwiCx)TI +\ ¥ (xn + 

Sw(X, t) ::c 

~ To + 2eJ•_,.,., +.. • Tl + 
e-1 ( .. - IJZ 

.:c.3•••-t-(h-2 e2
.a• 1 -t4x-+ 3)~ 01 +. x-2)f'••i+h:+t e,-1+

1
_ 

IC-l)f ~-

16eu - loeJ~ • 6-4x)e2• ♦ ie• e3+ 1C!'l° lt'+ 
1 

T 

<•-1i• 2 

Table And Figure 

The following table shows the 

approximate solution for saturation of injected 

liquid for different values of x at different tune 

using RDTM 
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80111t1un11 of 11 lnJlf ro lmhlhltlon in •• \U~hth 011, ,In 
~rl'W p0rouM Mrdh, hi\ oh h,M M u,i_1u th I lultl 1 

nka S P • 11 I Bh ,tli . ,, 
I' 

t , 11ftl 111 1/ a 11 

Ill 1/ll dt dl\\l\ ti 

,1, "''''"'>I I'""""' mt ,~ 1 ~,,m11 d 111 , 

111 \ t, 1 '{/fl r/tllt t\ II( t: /1 
tlw N1i<1tll h mw , ,,l 01 

I u ,,,, I tt.1/1 "' 11/ l 1111\ld11,,111111 /, I I 

Neltlon ,.lto.H 1111111i1ft ,,I m/11111111 I,,~ Ii, ti/ obt, 

/mb1Mtlott 1hrnon,, """ llmt10Jl{ "'°"' 11m ""' "" d/11111 RI I IM 

I. Introduction 
,-nt paper deals with the phenomtlno ol I in"cro lmh1hll11lll ln douhlc phn n ,w throu h 
~ cracked and 1111l14htly d1ppmQ ix,mus medh, 1nvolvintt m1g11ctlo tlu1J I hi r,h nomtn 11 

of lmultan«>us occumt\cc ot two illlportant phc11omcn1 hnb1bitlon nnd Ang; rln w hav 
tQ)totton of preferentially wetting, less vi!iCous nu,d lntll porou,1 medium nturot d with mldcnt 

1.._._, ... under ,mbibltlon and m consequence, the resident tluld 1s pu111hed by drive in 1econdAry 
Vll'll\a Ollled th•e col\)omt phenomena as Flnicro lmhlblt1on the phenornen, or llnatetlna 

oooumna simultaneously in displacement proce , hnve 1&n1nod much cUll'cnt lmport,111 due to 
aaeunencc In the problem of petroleum tcchnoloi) und mony nuthol'fl hctv dis u cd th m from 
ohtew ln tht!i papor, 011, undcrlyinai 11ssumpllons lln: ttwt the twu nu1d11 ore, 11n111111e1bl~ 1m'1 the 
ltsa vitcOU.1 ns well as preftirentially wottina with respect to porous materlnls and with i.:ap,llary 
~I funnulation of bulc equations yields II Non linellr partial dltTercntlal oqu■tlon 
llnaero-imbibltion in the 1nvc tiaatcd hqu1d-hquld d1splacement problem A numerical .olutiun 

a-Ive owr Relaxation Method 

......... ; 
IH•klllr hn a finite cyltndmal mass of porous medium of lenath L( I) saturattd with native ••ty SUITOundod by 111 impermeable surfilce except fur one end of the cylinder which 18 

""6llian r.ct (x-0) and tbts end ts exposed to an a(ljacent fonnatlon of '11\jected' llquld (w) 
61a lays of suhable mqnetic ftwd It Is assumed that the later nu,d Is preferentially wetun11 
"fti&~ IM:I nae to a displacement process m which the injection of tho fluid (w) 1s 

• 1be oomoqun displacement of na11w liquid (o) produce. protuberance• (ftnaersl 
....,_ a C111e dimemional phenomenon of Fmgcro-lmblbibon. The oyhndrical or porous 
• ..U lftlle 8 with horizontal only and romaln1na process of Finae,o-lmb,bitlon pa u It 

8ltt low of two 11nmbc1blc phuc,s II govemod by Dire)' s law we may wrht iht 
lllClllllhethlidaa, 

)a:~ +-,H: +Pwa•e] <1> 

..;.+P.&••l 



d1~;mc::'- 1hc equat1 n ntmu 

P( 7) +(a::)- 0 ( ) 

t'\ of the medium 
~e tu.ration it is obvious that 5w + S0 = 1. The anal)t,cal 

b tJon phenomenon 1s 

V., ~ V0 = 0 (4) 

F the defi wn of cnpdlary pressure 
Pc = Po - Pw 

P, as the pressure discontinuity bet\.\-een tv.o pha e: y e 
(5) 

Or: Sunp if)m
0 

Equation (1 )&(2) by using Equation (4) & (5) -y,e obtain 

ap
0 

= r-K ... oo [ytt w + pwg sm eJ- K0 8w [~ + p0 gsin e]] (ape) 
ot (~+Kw) ax 

Oo Ow 

(6) 

Substi!unng above equation into equation (I), we obtain 

KK0 Kw [oP, oH ( ) . ] 
Vo = (Ko/oo + Kw/ow) ox -yH ox+ Po - Pw gsm 0 

(7) 

Smee K IC.. ) :::::: K., _ Abo\e equation reduces to the form 
+K,.. o,,. 6a 

KK0 [oPc aH ( ) ] V =- ---yH-+ p -p gsin0 
0 <>o ax ox O w 

(8) 

Subsututing equation (8) into (3) we get.. 

(as.,) iJ (KK0 [oPc oH ( ) J) p - +- - ---yH-+ p -p gsin8 = 0 ot ox 00 ox ox O w 
(9) 

At this state. for definiteness of the mathematical analysis, we assume standard relationship due to 
Scheidegger and Johnson [I], Muskat [2], between phase saturation and relative permeability as 

K.., = Sw,So = 1 - Sw and Pc = -PoSw 
Where (10 is capillary pressure coefficienL Considering the magnetic fluid H in the x-direction only, we may 

"Tite 13], H = : where /\ is a constant parameter and n is an integer. Using the value of H for n = -1. 
% 

Substituting all values in equation (9), we get, 

p (
85

"') + ~~ (o -S ) [-P oSw - y 1\2 X + (p - p )g sin a]) = 0 
iJt 80 ox w O ox O w 

A ~et of suitable initial and boundary conditions associated to equation ( I 0) are 
Sw(x,O) = 51 for all x > 0 

Sw(O, t) = Sw0 ; Sw (l, t) = Sw 1 for all t ~ 0 
Equation (10) is reduced to dimensionless form by setting 

X t 

(11) 
(12) 

X = L' T = L2(Ci/Cz)'Sw(x,t) = 1-Sw(x, t) 

So that 
oS.,., o ( iJS..,) fJ (osw) 
iJT - iJx Sw ox + Co ox (Swx) - C1 ox = 0 

ah2ll I 
\\'here Co=~- C1 = µ;; (p0 - Pw)g sin 0. Asterisks are dropped for simplicity. 

With auxiliary 

S..,(x,O) = 1- S1 for all x > 0 

DOI. 10.9790 5728. I 203024953 www iosrjoumals.org 

(10) 

(13) 

(13(a)) 
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II Sol•ttoa l ••t Rdhn M~tlloo 

h }-~ <3.r (S x) + C ( 
0 

) 

($,,) (S.,(S.),),1 - ( X) + C ( 

t Wan S.,(x 0) s: s.0 = f(r) 
ex -1 

f(x) = e - 1 (14) 

is solved by reduced differential transfonn method because our eQUalbotl 

4 i::n 

Tnadona Metllod ..,«iun of RDTM is given below 
ii -1ytic and differential continuously with respect 10 time t and space x m the donaan 

1 [_ jjlc 1 
U1c = k! [att u(x, t) 

speclrum function U1c(x) is the transfonned function. u(x.t) represem uwbmat 
mvene transform of Uk (x) is defined as follow 

'X 

u(x, t) = I U1c(x)t1c 

d ;(OiJk 1 
u(x, t) = L kl [at" u(x, t) t" 

k-0 



u(x. t) = L U,t(X)t1 

l 
Ml\ 1) =S,,.(l)ti +~1(%)T1+S..z(x)7'2 + ··· 

transfonn 

ID. Table Aad Jtpn 
_. show 1he approxi._,. solutioll b- ,_.,.,. of injeolld liquW for ditTeRnt 

.._~!f-~"'f'<-• -,RDTM 
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• · , f Buroer's Equation Nu1ner1cal Solutions o ~ 
Arising in Longitudinal Dispersion Phe~omenon 

in Fluid Flow Through Porous Media by 
Reduced Differential Transform Method 

P . k S p t I KA Patel Rtd Prof P.H.Bhathawala n)an .1 . ac. . . • · · 

R~~c-:1rch Scholar. Department of Mathematics. Pacific Uni\ersit_y, Udaipur, India 

\;._,l,ciat~ Prof~--or Department of Mathematics. Shri U.P. Arts, Smt. M.G. Panchal Science & Shri V.L. Shah 

Commerce College, Pilvai, India 

Retired Professor. Department of Mathematics, VNSGU, Surat, India 

·\B,-rR \Cl: rhe longitudinal di)pcrsion phenomenon of miscible phenomenon of miscible fluids in porous media is 
discu,,ed m ,\hich the ilO\\ is unc;tead)'. Alter the mathematical formulation of the phenomenon get a non-linear partial 
d1ff~en11nl equation explicitl)' Burger's equation. We get the series solution of the problem by using Reduced 
diffen .. 'lttml transform method (RDfM) & also derived numerical solution by MATLAB. This t)'pe of phenomenon has 
been or grea1 importance to hydrologi::.t & in oil industries. 

KEY\\ OROS: :\fo,cibk Ou ids, longitudinal dispersion phenomenon, Burger's equation, RDTM. 

I. INTRODUCTION 

me present paper discuses the solu~ion of lon~it~dina( dispersion phenomenon. which arising in the miscible fluid tlo\\ 
throu~h ho~ogl.!ne_ous po_~ous media. In. a n11S~1blc ~1s~lace~ent process a fluid is displaced in a porous medium b) 
anoth~r n_wd t~at 1, n11S~1ble \\-1th the firc;t fluid. M1sc1ble displacement in porous media plays an important role in 
man) engmecnng and ~1:11.!nce fields. Among many flow problems in porous med'a · I fl ·d ·xt called · bl 1 ·d · ·bl 1 ·ct • . L , one invo ves u1 m1 ures m1sc1 c f u1 s. A m1-.c1 e tut 1s a smglt.~ phase fluid consisting of several I I d' 1 d h flu,·d . . . . . . . , comp ete y 1sso ve omogeneous 
specie.,;. a dt'>tlnct tlu1d-flu1d mt1.:rlace doesn't exist i_n a miscible fluid So th t th · i:: • 1 · b th m ,· · . • . . • a e inter,ac1a tension etween e ~ 
l'ero. I he probkm'i ot dt'>per-;1on ha\e been rece1vinu considerable tt · fr h . . I nd . . . . ::, a ent1on om c em,cal env1ronmenta a 
pi.:trokum cngmccn,. h)drolog1st, mathema11c1ans and soil scientists o th . · . • 

1 
ct· ·on 

in porou'> media has been studied and correlated t:Xtensiv ,1 f, o . ver e past ten decades long1tudina 1spers1 
1:: Y or ~aseous and aqueous systems. 

II. RF.LATED WORK 

Seq;ral rt>,carchc:rs ha\t: discus<:,ed this probkm with common as . . 1 nr1rt1sit'- !>tead\ ,eepage flow ,docitv and constaitt dt'<p . sumffiption of homogeneous porous media \\oith con5lan ,,-- .;• • . . • - , ers1on coe cie t b h • . . ch a, 
P.I 1.0hatha .... ala [--ll demed analvt1cal solution ofm·,~c·ibl-- fl 'd tl n ut t e1r techniques are different su . 

• ., I.: UI ow th h h . 1)10'' a t\.liO parameter '>ingular perturbation method. K.JChauh F 
1 

. roug omogeneous porous media b) app _1 :,,olution of the lon1.1.ituJinal disper'>ion problem b" usinn an.ti ~ g~m Dabhade & D.\,t Patel [5] discussed anal~tJ:·
1 

• - ✓ ~ in in1tes1rnal tran t' • . f · ilari" analy'""· R. \fcher. ~ h.. \kher & M.l\ Mehta [6 7J studi'cd . s ormat1ons group techmque o s1m , 
. . . , numerical & g h' 1 . . . h rn-:ncn b~ !\domain decomptNl1011 mc-thod and the) also 'm 1 , d , rap 1ca solution of d1spers10n p en~ . 

longirudmul dbp1,..-'f-,ion of miscible fluiJ flow throuoh pcor p oye d'a _~ev. approach to Backlund transfom1a11on tor 
"" ous me tam o·t . oc.-e>'· R.n1 :". n~l!Jn~L \ .II.Pradhan & \1.1'... ~lt!hta f8. 9] obta· ed "\ . 1 reser\otr during !>eCondary reco\er) pr. , 

ditl~ri:n<:~ metlwd and the} ubo discu-,-.ed numcricai'° _ 1 _umencal solution of Burger·s equation b) u:,ing tin; 
ph~nom~·nl)n in lluid tlm\ throuf.!h porous rneJia by C'ran-t ution of Burger's equation in lonaitudinal d,,per~1 

- ' • 1.: -nicolson scheme. Kunjan shah & Tw~l-.le Sillgh [Ill 

l Pl'' ii •lit to II ll{l ( 1 
DOI 10 l568UIJIR(U 201h 0.l09i-'t> I ,t-
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Ill. ~f\TE:.\l['ffOf rm: PROBLE\1 

( 

=-ement in parous me-dia t) al) pe of double-pha.:,e tlo,\ in ,\h1ch the ~~o pha<,e< ar 

~ ~ Theiref;re cnpil I') for~" bet\\~n the tluid::- do not -:ome into effect fhe Ion it d n d per-; n 

,:e err ,.a! ~ ,\31!:f ,.,ith the roncentra1ion c("\. t) tlo\\ing in the :-.:-dire..tion has been con 1dercd. th ' the gr 

~ ~ take:. place o,er a t:irge basin contain homogene\1u.:, porou, medium i.:, saturated with fre<Jl w ter The 

e ~~ der oondiuoos of complete miscibilit) could be thought to beha,c local I) at least. as a m e-ph 

~ :h "x,:j ohe~ D:ll"-0 ·s la,,. The .:hange of concentration. in tum. \\Ould be caused by the bulk coefli ... 1!11 

- rD oftb.:- one fluid m the other. There is no mass transfer bet,,een solid and liquid pha~e-.., 1s assumed [2) ·The 

, tlka pla.::e both longitudinal!: and trans,ersel). but the spreading caused b) dbpt:r,,ion 1s greater m ti .. 

f fl~ than the trans, er~ directioo. One dimensional treatment of these S) stem~ m, oid:.- treatment of n radial 

tr3f!S\~ ;)O(Jlportent of dispersion. \\ e onl: consider the dispersion phenomenon in the direction of flo" 1 e 

=- al di~,,·oo. which nkes places ,,hen miscible fluids flo\\ in homogeneous porous media. The problem is to 

.i.~~ e g:r,,wth of mixed region. i.e. to find concentration c(x. t) of the impure water as a functioo of time t and 

::n x. as two m,~ible fluids flO\\ through homogeneous porous media. Outside of the mi'-cd zone (on eith(.'f side) 

"=--e ~u·::! equation do.,,-ibes the motion of fluid. 

I\. f0R'1l LATIO:\ Of THE PROBLEM 

A.:xorJ :o to Dar~·., la". the equation ofcontinuil) for the mi'-ture. in the case of incompressible fluids i, gi\en b} 

ap -
ot + V.(pv) = 0 (1) 

' .:, the densit~ for mi,..-ture and 'v' is the pore seepage \elocit) , ector. 

on of d1ffu::,fon tor a tluid tlo" through a homogeneous porous medium. without increasing or decreasing the 

o maierial 1s g:h en b} 

~~ + v. (Cv) = v. [pov (~)l (2) 

\\ e ·c- :. the concentration of a fluid in a porous media. D is the coetlicient of dispersion with nine 

ctrnpooents D ln a laminar flo-., for an lncompressible fluid through homogeneous porous medium. density 'p' is 

<Onsant. Then equation(~) becomes. 
ac _ 
ot + v. (VC) = V. [DVC] (3) 

~ s assume that the seepage ,elocit) v is along the x-axis. then v = u(x, t) and the non zero components will 

be D 1 :::: DL = y (coefficient ofloogitudinal dispersion) and other Components will be zero [6J. 

f. Cll (3 becomes. 
ac ac a2 c 
ot + u ox= y iJx2 ( 4) 

\\ tteu is the component ,elcx:ir) along x-axis which 1s time dependent as well as concentration along x-axis in x ~ o 

trca on and D > 0 and it is the cross sectional tlo~ ,elocit) in porous media. 

::: - Where x > 0 and for C0 = 1 by {61. Equation (4) becomes 

DOI 10.15680/UIRCCI 2016 0409176 16 
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\'. PROPOSED .\I GORI 111\l 

dC dC cJ 'C 
-+C--y-, -0 ch o:-. ch. (5) 

Taking y = I & the initial c1)nd1111)n C(.\, O) = C
0 

= t l t) 

l(x) = e \: (6) 
n1e problem i, ,,~h ._'(j h~ r,-duccJ ditforential transform method ~cause 1)11r ,-qu:llion i, p.1rtinl dit1~n.·n11.II cq11,11i1.'n 

Redul'ed differential Transform '1tthod 
n1e Ba,,c dctiniti,)n of RD [\I i, giH:n bdo\, 

If the fonction ut,. t) is .m.1l)tic anJ JitTcrcntiul continuous!~ \\ith r._•..,p..:-ct hl time t ,llld sp,1cc, in the (h,n1.11n of 
mtert.''>l thC'n let 

u~ = ;! l:c: ul,·,t)I 

\\ hcrc thc t-dimcn~i,,n.1I ,pt.-ctrum fimction Uk ( ,·) i, thc tr.msforn1t.-J lltnction. u( ,,t) rcprc-.cnt trun-.,formcd 111n.:ti1in 
lltc clitfor .. ·nti,11 im cr,c tmnsti..)rm of Uk(\·) is dclincd ,l'i fi.lll1,\\ 

Appl) RDT\t on {5) 

1t(r. t) = L Uk(x)tk 
I, u 

u(.,. t) = ~ ~l~u' x t)I ti< L,; k! dtk \• I 

'<-u 

... (k + _,ic",.,(x,t) = (\C,)., -lt.cc,)(Cc, .• l,j (7) 

"'-~'" kt 1,.. o then put 11111ml c~,nd1t1on {6) mto eq. (7). s~) \\~ ha\~ the \alue, of C1c(:1:) as follo\\tng 

(l)C,(x,t) = ((C,)., -[~cc.J(c" .,), l 
t\(x.t! = ((C~)x-u -[CCu)(Cc( -o )J 

C1 (x.t)=e -!(e ~)(-e-.-)1 
C1('°,t) =e-t +e-l:r 

C op, right I\) IJ IR Cl E- DOI 10 15080.UlR(( L , H, 
04091
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t2)C/x,t) - ((C1 ).n -Ii (C,)(C1k rJ\.] 
' 0 

(2)C,i{Y, t) = ((C1)n - r (Co)(C(l -01)\ + (C1 )( c,1 11t] 
= e '+4e-~;(-[(e-")(-e x-2e- 2'()+(e x-+ e ix)(-e X)J 

= e-\· + 4 e-2:>. - [- e-b: - 2 e-JT - e-lx - e '.!Xj 

e-x + 6 e ix + 3 e-.lx 
C2(X,t) =----2---

(3)C,(x, t) - l(C,),, -[t. (C, )( c,,_,, ), j 
(3)C3(x,t) = l(Cz)xx - [CCo)(Cl2-ol)x + (C1)(Cc2- 11\ + (C2)(Cc2-21 )J 

= e-,· + 24 e-:?.x + 27 e-3x 
_ [(e-x)(-e-x _ 12 e-2x _ 9 e-3x) + 2. ( e-x + e-2x)(- e-x _ 2 e-2x) 
+ ( e-x + 6 e-2x + 3 e-3x)(- e-x)] 

1 = -[ e-x + 24 e-2x + 27 e-JT 
2 

- [-e-zx - 12 e-3x - 9 e-4x + (-2 e-2x - 4 e-3T - 2 e-3x - 4e - 4") 
+ (-e-2x - 6 e-3x - 3 e-4x)]l 

C3 (x. t) = i l e-r: + 28 e- 2 r: + 51 e-Jx + 16 e-4 •] 

In this wa~ \\e c:in generated other pol) nomials b, putting difft!rent values in equation (7) 
l\ ~m b~ imer ... e Transform 

I 

u(x. t) = L U1,:(x)tk 
k=O 

C(x. t) = C0 (x, t)t 0 + C1 (x. t)t + C2 (x. t )t 2 + (~ (x, t)t 3 + ... 

C(t,t) = e--rt0 + (e--c + e-2x)t 1 + ( e-t + 4e-2x + 2 e -~r: + 3 e- 3 r)f + ( e-x + 28 e-2x + 51 e-3 x + 
3 

16e 4x)~ ... 

\'L RESl LTS 

The fi II · 0 0\\JO'-! ta e ·· O\\S t e aoorox1mate \a ucS o c,mcentrat1on o impure water at hi sh h f d' ffi 1 erent 1stance x and time L 

2 t=O 
I 

t=0.4 t=0.5 t=0.6 t=0.7 l t=O.l t=0.2 t=0.3 t==0.8 t=0.9 t=l 

- 0 1 1 1 1 l 1 1 1 1 1 1 
I 

_o 1 o.8494 l 0.8393 0.8284 0.819 0.8116 0 8059 0.8014 0.7979 0 7951 0,7928 0.7909 

._!) 2 0 71321 0.6971 0.6799 0.6652 06536 0.6446 0.6376 0.6321 0.6277 0.6242 0.6212 

._Q 31 0S91 
I 

0.5231 0 571 0 5509 0.5338 l 0.5099 0.5018 0 4955 0.4904 0.4863 04828 

l c, UIRll l DOI !ti 15680 IJIRC'U "'(116 (»OQ\"t, 
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~graphical and numerical solutions have been obtained to predict the possible concentration of a impure \\ater in ~d) unidirectional seepage t1ow through semi-finite homogeneous porous media. Focus to the source 
-t'lltration that var) with the distance x and time t ~ 0. From the tabular values and graphs it is conclude that as >'.ante'< and time t increases the concentration of the impure water steadily decreases. The concentration C(x. t) of 

• 'lllJ)ll'e water decreases as the distance x increases for the any fixed time t. Here the initial concentration of impure 
llttai x--0 is highest and it is decreases as distance x increases for fixed time t. It is ph)sicall) fact that at the source · COocentration of impure v.ater is always highest and it is decreasing & dispersing from the source. Here al .... o 

t ude form the graph (fig-2) of concentration of impure water verses time t for oiven distance x. the concentration ~mpurc ~ater is decreasing for small time t and then it becomes steady and con~tant as time t increases for gh en etent ~ stance. l knee. it is clear that at the initial source the dispersion of impure water is not fast. therefore the ,"'1:;aiion of impure water is slight I) decreasing for small time t, for fixed distance x and then it becomes constant -iug the time for gi\en distance x. 
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