A Multiphase Porous Medium Transport Model with Distributed
Sublimation Front to Simulate Vacuum Freeze Drying
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Figure 6. Sensitivity of non-equilibrium constant Figure 7. Sensitivity of porosity

Three modules in COMSOL Multiphysics version 4.3a, Transport
of Diluted Species, Heat Transfer in Solids, and Darcy's Law (weak
form expression modified for diffusion term) were used to solve for
concentration of ice (Eqg. 1), temperature (Eg. 4), and pressure (EQ. Conclusions:
5), respectively. The weak form equation of Darcy's Law module

WE}S moditied ItEO wgclude thzddgfutswteh te|[|m tar'll'd aftrar_lslastlol_ndal A continuum, porous medium formulation with non-equilibrium
velocity term (Eq. 6) was added to the Heat Transfer in Solidsy ¢ \1\iimation was developed and validated for freeze drying with and

module in order to account for convection. without uniform microwave volumetric heating. Excellent agreement
was observed with experimental drying curves and spatial
Results temperature data. The model incorporates the effect of Knudsen flow
Validation for varying Validation for Varying at low pressure and low permeabillity freeze drying.

This freeze drying model therefore brings together previous work
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