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Multi-scale simulation of drying process for porous materials using molecular
dynamics (part 3: multi-scale simulation)
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Abstract In this study, the numerical simulation of drying processes for porous materials is performed by employing the
hierarchical multi-scale modeling and the nano-scale material properties obtained from the molecular dynamics simulation.
The multi-scale simulation system is set up using pre- and post-processors and the drying process of electric porous
ceramic insulator is simulated. The temperature, moisture, residual stress, and displacement distributions are compared with
those based on homogenized properties.
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Fig. 1. Schematic view of hierarchical multi-scale modeling.
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Fig. 2. Multi-scale simulation system for the drying process of
porous materials.
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Fig. 3. Schematic view of porous ceramic insulator.
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Fig. 4. Finite element mesh, initial condition, and boundary
condition for simulating the drying process of porous ceramic
insulator.

Table 1

Material properties of porous ceramic insulator

Material property Value
Mass density 2000 kg/m’

1.214E+6J/m™C
0.441 J/m°Csec
0.37E-7 kg/’Csec
0.667E-7 m*/sec
0.18 Jm’/kgsec

Volumetric heat capacity
Heat conduction
Heat-moisture diffusion
Moisture diffusion
Moisture-heat conduction

Convective heat-transfer coefficient 20 W/m™C
Convective moisture-transfer coefficient 5.0E-6 m/sec
Thermo-gradient coefficient 0.56 kg/m*C
Heat of phase change 2.5E+6 J/kg

Ratio of the vapour diffusion coefficient to the 0.3
coefficient of the total diffusion of moisture

Thermal conductivity 0.34 W/m°C
Moisture conductivity 2.4E-7 m’/sec
Elastic modulus 0.69E+11 Pa
Hygro expansion 0.4E-4 m’/kg
Thermal expansion 0.3E-6°C"'
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Fig. 5. Temperature distribution of porous ceramic insulator.
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Fig. 6. Moisture distribution of porous ceramic insulator.
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Fig. 7. Principal stress distribution of porous ceramic insulator.
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