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1. Introduction

We consider the nonlinear filtration equation with a small parameter:
Up & k(Uy)Uxy + &f (1). (1.1)

In particular, this equation describes a pressure distribution in a porous medium. In this paper we make the group clas-
sification of Eq. (1.1) and search approximate conservation laws for this equation using its symmetries.
Throughout paper the approximate equation

fx) ~gx)

means that

f(X, 8) = g(X,S) + 0(8)'

2. Group classification
The generator of an approximate transformation group admitted by Eq. (1.1) will be written in the form (see [1])

_ 9 a 9 9
X=&(txue) T (t,x,u,¢) ax+n(t,x7u78) 50’ (2.2)

where
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(t,x,u,8) ~ o (E,x,u) + 68 (tx,u), 1=1,2,

(2.3)
r](t7x7 u, 8) ~ ’7(0)(t7 X, u) + 8’1(1) (t7 X, u)'
The determining equation for the operator (2.2) has the form
(ef'(u ) = i) — &6y + k/(ux)uxx(CZ(O) + &0o)) + k() (L20) + 8§22(1)))|(1,1) ~0, (2.4)

where (j;), {52 are obtained by the usual prolongation formulae:
gl() (”O)_ufD (g(])_ux (éé))? i:1727 j:0a17
(o) = Da(lag)) — UnDa (&) — UuDa(EF).

After replacing u, by k(uy)u. + &f (u) in (2.4) and splitting this equation by variable ¢ we obtain the following system (see
)

G0) — Lok (W) U — k() (2200) = O, (2.5)

Gy = Wn e — Gk (Ut — k(tix)Ca21) = 0. (2.6)
Eq. (2.5) is the determining equation for the nonlinear filtration equation

Up = K(Uy) Uy (2.7

We will use the known result of the group classification of Eq. (2.7) (see, e.g. [2]). This result is summarized in Table 1.
Eq. (2.6) gives the following system of equations for f (1) (1> Ny

5(1)x + uXé(l)u =0, k(ux) [_é(l)[ + 26(1)x + zuxf(l)u]

= kl(ux) [77(1);( + (’7(1)1, - 621 Uy — fé)uui)] ,f(ll)(ﬂ((,)u - (1 ) —f(u Mo Haye — U f? 1)t
= k(uy) [”I + (21 1) 5 et + (M yuu — zé(zl)xu)u)zc - 5( )uuui] (2.8)

where 5<10>7 5(20), 10y are known functions that depend on the form of k(uy) (see [2]). In the case of an arbitrary function k(uy),
system (2.8) splits into the system of equations
=0, 55) =0, 28, ¢y =0, &u=0, &), =0
Nax =0, '7 €(1 = O Nyuu é(zl)xu =0, (2.9)
2y — =0, fWmowu— €(0 ) =f'Wne, + a0y =0
This system has the followmg solution:
521) =2A1t + A, 5(21) =Aix+4As, Ny =Au+o(l),
where A; are constants, i = 1, 2, 3, and the function o(t) satisfies the last equation of system (2.9)
o (t) = (Ciu + Co)f'(u) + Cif (w).

Note that the function o here depends only on t, while the right-hand side of this formula depends only on u. Therefore
this equality is possible only if o/(t) is a constant. Let it be A4.

(Cru+ Co)f (1) + Cyf (u) = As. (2.10)

If f(u) is an arbitrary function, then coefficients C;u + C, and C; of Eq. (2.10) vanish, i.e C;u + C; = 0 and C, = 0. It follows
that C; =0, C; =0, and we obtain the six-dimensional Lie algebra spanned by the following generators:

19} 0 19} 19}
Xi=—=, Xo=—, Xs=¢t—, Xs=¢6— 2.11
V=5 Xe=g Xs=og, Xa=éq, (2.11)
0 0 0 0
Xs=t—, Xe=82t—+&ex—+eu—.
T ow ot Tox T ou
Table 1
Group classification of u; = k(uy)uy.
k(ux) Generators
Arbitrary Xy =2t2+x2+ul Xo=2 X3=2 X4=%
e Xs =tH—xg;
ug-1, where ¢ > 0, 0 # 1 Xs=(1-otg+ul

1 7 arctanu,
Ziie x, where ¢ > 0 Xsf(rthrudx xau
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