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orderL2ρ1cc1c/λ1ctc = O(ε0), together with the corresponding order ofRλ = λ2c/λ1c . The three models read:

• Model with resevoir effects (I):Rλ = O(ε)
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• Dual-conductivity model (II): Rλ = O(ε2)
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• Single-conductivity model (III): Rλ ≤ O(ε3)
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In model I,Ceff
T is the volume average of thermal capacities of both constituents, while the partial thermal capacityCeff

1

in models II and III only accounts for constituent 1. In the three models, the effective conductivity isλ̃eff
1 which accounts

only for the contribution of constituent 1. The derivation of model II is detailed in [8]. It is a two-temperature-field model
(T1 6= T2), in which both temperature fields satisfiy an expression of the following type that characterizes the presence of
memory effects:

T2 = T1 − h(t) ∗ ∂T1
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Interpretation of the domains of validity
It can be demonstrated that the domains of validity of the three models are fully defined by orders of magnitude of the
ratio t2l

/t1L , wheret2l
= l2ρ2cc2c/λ2c andt1L = L2ρ1cc1c/λ1c . We thus obtain the following result:
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Model with reservoir effects:
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= O(ε) ⇒ t2l
¿ t1L ;

Dual-conductivity model:
t2l
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= O(ε0) ⇒ t2l
≈ t1L ;

Single conductivity model:
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≥ O(ε−1) ⇒ t2l
À t1L .

(1)

CHARACTERISTIC CONDITIONS FOR THE THREE BEHAVIOURS IN DUAL-POROSITY MEDIA

By similarity with (1), we consider the ratiotml
/tpL , so as to analyse the results in dual-porosity media, wheretml

andtpL represent the local characteristic time in the matrix and the macroscopic characteristic time in the macropores,
respectively. For any transient phenomenon and provided that both macropores and micropores are connected, we obtain:



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tml
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< O(ε0) : Reservoir effect;

tml

tpL

= O(ε0) : Dual porosity;

tml

tpL

> O(ε0) : Single porosity.

For consolidation and compressible fluid flow, we gettml
/tpL = O(ε2α−2), which explains the domains of validity

obtained in the initial works. For solute transport, the above result allows to idendify the specific conditions under which
dual-porosity effects may occur, although this case cannot be described by means of an equivalent continuum description.
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