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A B S T R AC T

In this study we developed a fundamental method to directly calculate hydraulic permeabil-
ity and tortuosity relative to the Happel cell model [AIChE J. 4 (1958) 197–201] without any 
macroscopic assumptions. No transparent structural dependence was observed in hydraulic 
permeabilities from simulation results of parallel dissipative hydrodynamics. The Happel cell 
model constantly underestimates, by a minimum of volume fraction 0.524, the permeability of 
sphere-packed porous media using simple cubic, body-centered cubic, face-centered cubic, and 
random cake structures. Accurate uses of the Happel cell model and Carman-Kozeny equation 
are limited to a narrow range of dense volume fractions from 0.524 to 0.64, above which the true 
depiction of the permeability from dissipative particle dynamics (DHD) provides lower perme-
ability than that estimated using conventional theories.
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1. Introduction

Water permeation through porous media is a ubiqui-
tous phenomenon in natural and engineered processes, 
including membrane fi ltration. When particulates are 
rejected on membrane surfaces, a cake layer forms and 
provides signifi cant hydraulic resistance. If the particle 
sintering method is used to prepare microfi ltration or 
ultrafi ltration membranes, water transport through 
sphere-packed porous media (i.e., membranes) is fun-
damentally similar to the transport through cake lay-
ers [1]. In addition, the role of the porous support layer 
in pressure-retarded osmosis and forward osmosis is 
of interest due to its hindrance of solute diffusion as 
well as resistance to water permeation [2]. Research 

on p ermeability of a sphere-swarm is still in a bur-
geoning state because rigorous microscopic simulation 
tools are mathematically complex and computationally 
very intensive. For accurate estimation of permeability, 
hydrodynamic forces exerted on particles should be pre-
cisely calculated using the particle sizes, volume frac-
tion, and internal confi guration of the sphere-packed 
porous media. The pressure gradient across the porous 
media is equivalent to the hydrodynamic force density 
and is inversely proportional to the permeability. There-
fore, structural dependence of the permeability can be 
characterized using hydrodynamic tortuosity if the drag 
forces are accurately calculated [3,4].

In this study, we calculated hydraulic permeabili-
ties of various models of porous media composed of 
mono-dispersed spheres such as simple cubic (SC), 
body-centered-cubic (BCC), face-centered-cubic (FCC), 
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