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Determination of solid-phase conduction shape
factor for spherical-void-phase REVs generated by a

random discrete element model
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This article describes the direct comparison between pore-level computations on a spherical-void-phase (SVP)
porous material and volume-averaged computations done for the same domain. Pore- level simulations are
conducted on random SVP geometries generated using the Discrete Element Modelling (DEM) approach de-
veloped by Dyck & Straatman [1] over a range of flow and heating conditions. Pore-level simulations for cases
of constant wall temperature require nearly 17,000,000 tetrahedral elements and provide data that are used to
establish the fluid permeability and interstitial convection coefficient of the REVs under consideration. Addi-
tional pore-level simulations are then conducted on the same REVs except treating it as being heated on one
side by a constant-temperature substrate. These simulations require discretization of both the fluid and solid
phases of the REV and require nearly 32,000,000 tetrahedral elements to produce grid-independent solutions
of forced convection heat transfer. Analogous conjugate heat transfer simulations are done using a volume-
averaged solver on the same domain using the closure parameters established in the pore-level simulations.
These simulations require only 5800 hexahedral elements to achieve grid convergence to better than 1%. Com-
parison of the conjugate results from the pore-level and volume-averaged solvers provides data to establish
a solid-phase conduction shape factor that is necessary to modify the diffusion term in the volume-averaged
solid-phase energy equation. The solid-phase conduction shape factor is dependent only on the geometric
structure of the porous domain and accounts for the additional resistances in the conduction path due to
elongation and area changes along the path [2-5]. Even though there is no analytical means for establishing
the conduction shape factor for complex geometric models, it is shown that the factor can be established for
a particular geometric model on the basis of comparisons for a single heating condition. Subsequent simu-
lations comparing the pore-level and volume-averaged results show that the accuracy of volume-averaged
computations is enhanced by as much as 20% with the proper characterization of the solid-phase conduction
shape factor.
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