Please cite this article as:
Urszula Siedlecka, Czestaw Wozniak, On the modelling of a certain quasi-linear heat conduction problem in a
two-phased laminated medium, Scientific Research of the Institute of Mathematics and Computer Science, 2008,
Volume 7, Issue 1, pages 181-184.
The website: http://www.amcm.pcz.pl/

Scientific Researctf the Instituteof Mathematicand Computer Science

ON THE MODELLING OF A CERTAIN QUASI-LINEAR
HEAT CONDUCTION PROBLEM IN A TWO-PHASED
LAMINATED MEDIUM

Urszula Siedlecky Czestaw Wgniak?

! Institute of Mathematics, Czestochowa University of Technology, Poland
urszulas@imi.pcz.pl
2 Department of Structural Mechanics, Technical University of Lodz, Poland

Abstract. The aim of the contribution is to obtain a macogsc model equation for the
quasi-linear heat conduction in a two phased-latathanedium. The analysis will be based
on the tolerance averaging technique.

1. Thequasi-linear heat conduction

Problem of quasi-linear heat conduction is not n8ame informations on this
subject one can find in [1]. The well-known quasehr equation of the heat con-
duction
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where heat conductivity and specific heat depend on temperatug2 and p is
a mass density, can be reduced to the form
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where k =k/ pc is a function of argumer@.

This situation takes place only if the heat condu homogeneous. For a pe-
riodically heterogeneous conductor the heat conolugiroblems can be investi-
gated by using the asymptotic homogenization proeedcf. Artole and Duvaut
[2]. However, the homogenized equations are indd@enof the microstructure
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size. To remove this drawback an alternative apgrodgo the macro-
-modelling of heat conduction was proposed, knowrthee tolerance averaging
technique [3]. This technique was applied to that lsenduction analysis in [4-7].

The aforementioned contributions were restrictethéoanalysis of linear prob-
lems. In contrast to the above papers, in thisridmriton we are to apply the toler-
ance averaging technique to the investigation oéréain special quasi-linear heat
conduction problem.

2. Formulation of the problem

The object of considerations is a two-phased mpengedic laminate a frag-
ment of which is shown in Figure 1. Let us assuna the laminae are homogene-
ous and isotropic. Moreover, the heat conductioaffeents k', k" in pertinent
laminae depend on the increment of temperafllbg means of

K =K, (L+36)

K'=K;(L+56) *

Here, ky, ky are positive and, J' are non-negative material constants. Hence,

material properties of the conductor are uniquélgracterized by functiorg(x,),
AX1), p(X1), c(X1) which are piecewise constant.

Fig. 1. A two-phased laminated medium

It is assumed that period (c.f. Fig. 1) is sufficiently small when comparex
the smallest characteristic length dimension ofdbeductor. Byc', ¢’ and g, o'
we denote a specific heat and a mass density tmeet laminaes, respectively. It
has to be emphasized that the temperaflireformula (4) is restricted by condi-
tionsk'>0 andk">0.
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The aim of this contribution is to derive the maxgpic mathematical model
related to the problem described by equation

0, (ko,8) - pcd=0 (5)

under assumption (4). To this end the toleranceaayeg method will be used [3].

3. Analysis

As a tool of macro-modelling of equation (5) théetance averaging technique
will be taken into account. We denoXe=(x1,x2,x3) as cartesian orthogonal coor-

dinates in space aridas a time coordinate. Using this technique wepthice the
micro-macro-decomposition

g(x.t) =&(x,t) +h(x )y (x.t) (6)

whereh(x,) is the saw-like shape function [3]. The basicnokns are: averaged
temperature$ =& (x,t) and temperature fluctuation amplituge= ¢/ (x,t) .

After tolerance averaging of equation (5) we obtaim system of equations for
Fandyin the form

0, (k)0,9 +(ka,h)yog —(pc)s =0

A7{K)9,0,4 = (k(3:h)" )¢ ~(kah) 8,9 -A*(pc)y =0 0

wherei =1,2,3 anda = 2,3. At the same time we have

k=ky (%) (L+3(x) (9 +h(x))) (®)

It can be proved that after substituting (8) to, @efficients in model equa-
tions are independent of temperature fluctuatioplante (.

4. Final result

The main result of the above analysis is that thesglinearity of equations (7)
is imposed only on averaged temperatdreut the problem is linear with respect
to the temperature fluctuation amplituge The obtained model equations will be
applied to the investigation of special heat comiducproblems in a separate con-
tribution.
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