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Abstract The initial houndary value problems (IBVF) for the FP-system with
damping on [0, 1] % [0, +6c) are considered. The global existence of smooth solutions for
the IBVP are proved, and their large-time behavior is analyzed. The time-asymptotic
equivalence of these solutions to the solutions of the IBVP for the reduced system (1.2)
18 shown.
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1. Introduction

Consider the following P-system with damping in Lagranglan coordinates

v — Uy = 0 (11)
U +pr = cu, a >0 |

where p = plv) with p'(v) < 0. This system can be viewed as the Buler equations with
friction term added to the momentum equation, and used to describe the compressible
flow through porous media where v > 0 is the specific volume, u is the velocity, and
() is the pressure,

By approximating (1.1)2 with Darey's law, we obtain the following systems

1
Vgt = __f}{“-’djzu:
¥

1
Ug = “Eﬁ[ﬂd}x

(1.2)

It has been shown in [1] that the smooth solutions of the Cauchy problem for (1.1) with
initial data
I:?J}“PL:I{E,D}I = {vﬂﬁﬂg}imj, Ugli:t-::-::]l = U4

*Current address: SISSA, Via Beirut 2-4, Trieste 34014, Ttaly.




355 Li Hailiang Vol 12

tend time-asymptotically to the solutions of (1.2) with initial data
valz,0) = vz +b)

where v* is the similarity solution to (1.2}, and b a constant. Namely, the nonlinear
diffusive phenomenon of smooth solutions to (1.1) occurs due to the damping mecha-
nism. Based on the resolution of perturbated Riemann problem for (1.1) in [2] and [3],
the nonlinear diffusive phenomenon of entropy weak solutions to (1.1) were shown in
[4]. There are other related results to [1], such as [5-9] for smooth solutions, and [4],
[10-12] for weak solutions,

We are interested in the time-asymptotic equivalence of the hyperbolic system (1.1)
to the reduced decoupled system (1.2) with boundary effects. In the present paper, we
inverstigate the initial boundary value problems (IBVP) for (1.1) on §2 = [0, 1] x [0, +o0]
with initial data

(2,1)(z,0) = (vo, uo)(z), = € [0,1] (1.3)

and boundary values given by one of the followings

u(0,8) = wi(t) u(l,t) =u2t), 20 (1.4))
u(0,t) = w1 (), p(1, ) = pa(t). >0 (L.4])a
p(0,t) = p1{8), p(1,t) = pa(t), t>=0 (1.4)4

where w;{(t) =+ 0 (i = 1,2), as t = +o0.
Chur aim is to wverify if the smooth selutions to IBVP (1.1}, (1.3) and (L.4) are
tirme-asymptotically equivalent to those of (1.2) with initial data

va(x,0) = vgolz), =z €[0.1] (1.5)

and the corresponding boundary values given by

p=(0,8) = fiit), po(1,t) = fa(t), t=0 (L.6)
j.’-?Ili[._]uﬂ]':fL“j, pl:11f]=;l5'2|:!l':|1 tz0 “E-ﬂl
p(0,t) = palt), p(1,£) = pa(t], t =0 (1.6)3

respectively, where f; = —(u; + dug/dt)(t), 1 = 1, 2.

First, we consider the IBVP (1.1), (1.3) and (1.4); and the IBVP (1.2}, (1.5) and
(1.6, respectively. For simplicity, we consider a typical case p(v}) =+77, v 2 1, and
assume that ¢ = 1. In addition, we assume that the compatibility conditions of the
initial and boundary values at (0, 0) and (1, 0) hold.

Integrating (1.1); over [0,1] % [0, ], we obtain

[ vt tjde = [ wolm)as+ [ w2 — ) () 200 (1.7)
J1 ¥ 0




