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Modelling of composites with a space-varying microstructure

Cz.

where ϑ(•, η, t), ψ(•, η, t) are slowly-varying in every (ξ, ξ + λ) ⊂ I ϑ(•, η, t) ∈ SV ε (λ), ψ(•, η, t) ∈ SV ε (λ)

Here ε represents a certain tolerance parameter, 0 < ε 1 cf. [START_REF] Zeeman | The topology of the brain[END_REF][START_REF] Fichera | Is the Fourier theory of heat propagation paradoxical?[END_REF] (where the tolerance parameter was referred to as the upper bound for negligibles ) and Woźniak, Wierzbicki, 2000.

Secondly, it is assumed that in calculations of averages < • > involving slowly-varying functions terms O(ε) can be neglected. Under this assumption < θ >= ϑ . Hence formulae (4), (5) represent the decomposition of temperature into into the averaged and thr fluctuation parts, respectively. That is why ψ will be referred to as temperature fluctuation amplitude. Fields ϑ(•) and ψ(•) are basic unknowns.

Let L stand for the left-hand side of equation ( 1) combined with formulae (3). The governing equations for ϑ, ψ can be derived from conditions < L >= 0, < gL >= 0. Let c', K' and c", K" be constants specifying material properties of both phases of the composite conductor. The volume fractions of these components will be denoted by ν' = ν'(ξ, η), ν" = ν"(ξ, η).

Setting

[k] ≡ 2 √ 3(K' -K") • e 1 {k} ≡ 12 e 1 • (ν'K"+ν"K') • e 1 ν ≡ √ ν'ν"
and applying the first and the second modeling assumption, after rather lengthy manipulations, we obtain finally

< c > • ϑ -∇ • (< K > •∇ϑ + [k]ψ) = 0 ν 2 λ 2 (< c > • ψ -∂ • (< K > •∂ψ)) + {k}ψ + [k] • ∂ϑ = 0 (5)
Model equations ( 5) together with formulae (3), ( 4) represent the macroscopic model of the rigid heat conductor under consideration. It has to be emphasised that equations (5), in contrast to equations (2), have smoothly varying functional coefficients and hence can be used as a tool for the analysis of specific problems.

The characteristic feature of the model is the presence of generalized microstructure period λ in equations (5). By the formal limit passage λ -→ 0 we derive a certain approximate form of equations (5). After denotation

K o =< K > -{k} -1 [k] ⊗ [k] from equation (5) we get < c > • ϑ -∇ • (K o • ∇ϑ) = 0 ψ = -{k} -1 [k] • ∂ϑ = 0 (6) 
Equations ( 6) together with formulae (3), ( 4) represent the asymptotic model of the heat conductor under consideration.

The above models will be applied to the analysis of some specific problems which will be presented in the separate contribution.