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Abstract

In this paper, the nonlinear problem of an inhmgeneous heat equation with linear boundary conditions
will be considered. The surface heat flux history of a heated conducting body will be identified. The
approach of the proposed method is to approximate the unknown function using linear polynomial pieces
which are determined consecutively from the solution of the minimization problem on the basis of
overspecified dta. Some numerical examples will also be presented.
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1. Introduction

Determination of the unknown source term in a parabolic differential equation has been
discussed by several autho4,7—9. Cannon and DuChateau considered the identification
of an unknown state-dependent sourcemtén a reaction—diffusion equatiord][ In all of
these works, the initial conditions and boundaonditions are considered as known functions
and the identification of the unknown source term or thermophysical properties of the body
is investigated. In these works, the insufficiency of the input information is compensated by
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there being some additional information on theface. One of the applications may be in the
deternination of the surface heat flux histes when re-entering heat shields.

In this paper, we shall deal with the identification of heat flux historiesat0 in an inverse
heat conduction problem, with a nonlinear source term. In fact the basic objective is to find a
function from given measurementhat are remote in some sense. We consider the following
inverse poblem:

Au(X, t) — Ixxu(x, t) = F(u(x, 1)), iNQr ={(x,) | 0<x<1,0<t<T}, (1)

ux,0) = f(x), O<x<l1, (2)

axu(0,t) = q(), O<t<T, 3)

oxu(l,t) = g(), O0<t<T, 4)
where F, f andg are considered as known functions, whijé&) and u(x, t) are unknown
functions. In order to determinéu(0,t) = q(t), let us consider additional temperature
measurements given at the boundarys 1:

u@d,t) = p@, 0<t=<T. (5)

F(u) is a function of the state variable and does not depend explicitly on position or time. In
the context of heat conduction or diffusion, the functibiu) is interpreted as a heat or material
source, while in a chmical or biochemical applicatiorf; (u) may be interpreted as a reaction
term.

This paper is organized as follows. In the next section, we will solve the direct heat conduction
problem with a nonlinear source term; the process is based on assumptions regagdifigand
g possessing a unique solution.$ection 3 we solve tle inversgproblem based on the implicit
finite difference approximation and minimization least-squares method. Some numerical results
will be given inSection 4

2. A direct initial boundary value problem
In this section, let us consider the initial boundary value proklem(4) whereF, f, g, and

g are known functions and are assumed to satisfy:

(@) f,g9,9 € CJ[0, 00).

(b) The functionF (u(x, t)) is a given piecewise diffentiable function on the s¢ti | —co <
u < oo}.

(c) There exists a consta@t suchthat

IF(u) — F@)| < Cglu—vl.
(d) F isabounded and uniformly continuous functionun
Let the above conditions (a) to (d) be fulfilled; the(x, t), called the solution of the direct

problem(1)—(4), has the formZ]
1 t
ux,t) = / X =& 1) +0x+& 0D} (E)ds — 2/ O(x,t — )q(r)dr
0 0
t
+ 2/ 0(x —1,t —1)g(r)dr
0

t pl
+/ / x—&t—1)+0(X+&,t —1)}F (U, v))dédr, (6)
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