,, Caius Iacob” Conference on
Fluid Mechanics&Technical Applications
Bucharest, Romania, November 2005

Stability of Particular Immiscible Flow in Porous Media
by
GELU PASA !

Abstract

We consider the saturation model for immiscible flow in porous media. We prove that a partic-
ular basic wave solution is stable. In contrast, the planar interface in immiscible Hele-Shaw flow
is always unstable. Our stability system contains some terms negelcted by prevoius authors. The
result is obtained by direct integration of the stability problem.

We consider the saturation model in the presence of capillary pressure. An infinite plane homogeneous
porous medium is saturated with two immiscible phases: water and oil. The equations for this porous
media flow are given by

¢8S¢/8T+V-vi = 0, (1)
ki
Vy = — —VPZ‘, 2
Ui @)
Vo =0, (3)
Po_Pw:P07 So+Sw:17 (4)

where the subscripts i = w, 0 denote displacing (water) and displaced (oil) phases, ¢ is the constant
porosity. The capillary pressure P, is given using the Leverett function. We consider the notations
kO kw k() kw dPC

w Tl ) =KL bS) =R PG §=5., P=h

a(S) = k|

The initial and boundary conditions are:

wesn-sea- (3 5 570
S0,y,T)=5;; S(o0,y,T)=5,. )

We study the following one-dimensional traveling wave solution profiles of the above system

S(z, T) = S(x), x=(x—-Ut), t="T, (7)
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S(x) — Sras x — 00, S(x)— S >S5, as x — —o0, £—>Oasx—>$oo. (8)
where U is a "front” velocity given in terms of Sj, S,.. Our system admits the basic traveling solution
— . —dP.dS — —
w - = - w A,
o(5)1u(8) G 5 = U 65 —vrfulS) + )
_ dP _
il 1
c(S) ix UpS+C, (10)

where C is a constant and f, is the fractional flow function.
We study the linear stability of the solution (S, P). We consider the perturbed solutions and obtain
the following system:

S(x,y,t) =S(0) +es1, Pla,y,t) =PO) +epr,  (s1,m) = (s(x),p(x)) ™+, (11)
a(S + es1) = a(S) + as(S)es; + O(e?), (12)

_ d = dP

11— ’y =12 . r, @ al”\ _
pre+pd(S)—ckp+ops—oUs +dX <cs(S)st> 0, (13)
p'a+pd(S)—ak?p—s"b—b(S)s' +bk®s+
d —dP —.ds

-+ a (as(S)aS — bS(S)aS> = 07 (14)

where ' = d/dx and @, b, € are the values of a, b, ¢ for the traveling wave S. These equations are similar
with ones studied in [1] except the terms containing as(S), bs(5), ¢s(.5).

The above system is simplified for a particular case of relative permeability k,,: CZ“—;(ST) = ky(Sy) =0.
Moreover, for large xy we can consider ¢’ = b = ¢/ = 0. By a straight calculus, we obtain only one

relation for the unknown eigenfunction s(x):
b(S,) c(S,) (8" — k?*s) + o pa(S,) s — a(S,)pUs'+
S S (S ex(57) = e(5,) ax(S,)) = 0. (15)
The last term in (15) is zero, using the properties of k,, and we have
—as"+¢Us +ak?s =ws (
s(00) = 0. (17
a=>b(S,)c(Sr)/a(Sr) <0, w=0¢, 0<p<1 (18

As in [1], the modulus of the eigenfunction s admits a maximum value. Therefore we consider in (16
s(x) = exp(—rx)cos(qx), r > 0. For this type of ”eigenfumctions” we obtain w < 0, then our basic
solution (9)-(10) is stable.

References
[1] Y. C. YORrTsos AND F. J. HICKERNELL, Linear stability of immiscible displacement in porous
media, SIAM J. Appl. Math., 49(3), (1989), pp. 730-748.




