Available online at www.sciencedirect.com

Applied
SCIENCE DIRECT® .
@ Mathematics
t b Letters
ELSEVIER Applied Mathematics Letters 19 (2006) 801-807

www.elsever.com/locate/aml

On continuous dependence on coefficients of the
Brinkman—Forchheimer equations

A.O. Celeb®, V.K. KalantaroW, D. Ugurlu®*

aDepartment of Mathematics, Middle Eastchnical University, Ankara, Turkey
b Department of Mathematics, Kadniversity, Istanbul, Turkey
¢ Department of Mathematics, Abaarzet Baysal University, Bolu, Turkey

Received 10 March 2004; received in revised form 27 October 2005; accepted 4 November 2005

Abstract

We prove continuous dependence of solutions of the BrinkmareHheimer equations on the Brinkman and Forchheimer
coefficients inH1 norm.
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1. Introduction

In this work, we study the following initial-boundary vayroblem for the Brinkman-&rchheimer equations:

Ui = y Au — au— bju|*u — Vp, V-u=0, X € 12, t >0, 1.1)
u(x, 0) = up(x), X € 12, (1.2)
u=0, X € 912, t>0. (2.3)

Hereu = (uj, uz, ug) is the fluid velocity vectory > 0 is the Brnkman coefficienta > 0 is the Darcy coefficient,
b > 0 is the Forbheimer coefficientp is the pressurey € [1, 2] is a givennumber,2 is a bounded domain aR3
whose boundary 2 is assumed to be of clag¥.
We study the problem of continuous dependence of solutions to the prgdldni-(1.3)on coefficientd andy .
Continuous dependence of stiins on coefficients of equations is a typestructural stability, which reflects
the dfect of small changes in coefficients of equations on the solutions. Many results of this type can be found in
the monograph of Ames and Straughdl).[Structural stability in flows of fluid in porous media represented by the
Darcy and Brinkman systems are investigated in the articles of Ames and PyRayne and Straughad{7. In
[7], Payne and Straughan considered the initial-boundary value prdtlép(1.3)with « = 1 whichdescribes the
flow of fluid in a saturated porous medium. They proved cwrdus dependence of solutions of the problem on the
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coefficientsb andy in L2 norm. Our aim is to show continuous dependeatthese coefficients in a stronger norm,
thatis, inH® norm.

In the following we will use the function spacégl(2,R%) = {u € H}(2,R% : V. u = 0} andL?(2, R),
where the latter space is the closure (2, R%) in L2(2, R3). For simgicity we shaII write L2(2, R3) =
L2(2) andH}(2, R?) = H}(£2). We use theotation]| - ||, for the norm inL P(£2). We denote by - || thenorm and
by (-, -) the inner product irL2(12).

2. Continuous dependence on the Forchheimer coefficient

In this section, we prove that the solution of the probl@m)—(1.3)depends continuously on the Forchheimer
coefficientb in H1(£2) norm.

Using the Faedo—Galerkin method we can prove the foligveixistence and uniqueness theorem; see, for instance,
[3, Theorem 9.3 and Theorem 10.2].

Theorem 1. Assumethal <« < 2. Thenbrany w € H(}(Q), there exits a unique solution & C([0, T]; H&(Q))
of the problen(1.1)H1.3). Furthermae, wehave

-
sup [[Vu@®| =D  and / lug(t)[|°dt < D (2.1)
0<t<T 0

forany T > O, where D is ageneric positive constant depending on the initial data and the parametef$.aj.

Let us show just how to get the estimaf@sl). First we muItipIy(l.l) by ut + uin L2(£2):

d
21U + [ynw(t)nz +@+ DO+ == / uex, t>|“+2dx]
+ 2y [Vu®|? + 2afu(t) | + 2b / ucx, t)|“+2dx o "
(0}

It follows from this inequality that the function
2b
o) = 7 IVU®I® + @+ DIu®I? + —— / Ju(x, £)[*+2dx
a+2 /)

satisfies the mequalltaq o(t) + &(t) < 0. The later implies the estimate

a+1
2 2 2b at2 — 22t
yIvu® [+ @+ DHlu®[I© + a+2 /o lu(x, H)|*"“dx < Dye"a+1", (I2)
where
2 2 2b a+2
D1 =y[IVuol® + @+ Dol + —— [ [uo(x)|*"dx.
a+2/)g

The boundedness d@i(t) and hence the first of the estimaf@sl)follows from (I2); the seond of the estimate@.1)
follows if we integrate(l 1) over time and exploit the boundedness éft).
Now assume thatu, p) is the solutiam of theproblem
Uy = yAu —au— by|u/®u —Vp, V.-u=0, X € 12, t >0,
u(x, 0) = up(x), X € 2,
u=_0, X €d12, t>0,

and(v, q) is the solution of

vy = yAv —av — by|v|%v — Vq, V.-v=0, X € 12, t>0,
v(X, 0) = Uo(X), X e {2,
v=0, X € afl, t > 0.
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