Coupled heat and mass transfer in wood and wood-based products:
macroscopic formulation, upscaling and multiscale modelling
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This conference is devoted to multiscale approaches of coupled transfer in lignocellulosic products, with particular
attention to configurations leading to the failure of local thermodynamic equilibrium.
The macroscopic formulation of coupled heat and mass transfer in porous media will be presented first. Upscaling
methods, such as homogenization or volume averaging, allowed a well-established set of macroscopic equations to be
obtained [1]. This classical formulation of coupled heat and mass transfer in porous media assumes what is called the
local thermodynamic equilibrium. This ensures important facts at the microscopic level such as a unique and uniform
temperature for all phases of the porous medium or the equilibrium between the partial pressure of water and the bound
water. Some simulations will be presented to highlight the importance of the anisotropy of wood or the strong heat and
mass transfer coupling arising in Low Density Fibreboard.
This macroscopic formulation needs to be supplied by relevant effective parameters. Nowadays, thanks to the
spectacular progresses in 3D imaging and High Performance Computing, these effective parameters can be predicted
by 3D calculations on real pore morphologies. Recent examples will be presented for transfer properties of wood and
bio-based building materials [2].

Figure 1: Nano-tomographic scan of poplar (left) and dual-scale modelling of sorption (right)

The remaining part of the conference will be devoted to configurations generating the absence of local thermodynamic
equilibrium. Such situations, arising more often than expected, require a comprehensive multiscale approach. In one
way or another, the local history of the product must be embedded in the formulation. Two approaches will be discussed
here:
- the concept of distributed micromodels, with various assumptions regarding the coupling between scales[3,4],
- the transfer of all the information at the macroscopic level, in which the concept of internal variables allows the
history of the microscopic field to be efficiently considered [5].
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