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Pore-scale simulations, by explicitly incorporating the geometrical features of the porous medium, enable
accurate examination of fluid flow and particle transport within the foam. The present study numerically
investigates nanoparticle transport and deposition in open-cell metallic foams with Voronoi-based geometries
and a fixed porosity of 80%. Foam structures were reconstructed using the Laguerre—Voronoi algorithm, and
simulations were performed with an Eulerian-Lagrangian framework implemented in the open-source software
OpenFOAM. The model accounts for drag, Brownian motion, gravity, buoyancy, and Saffman lift forces, as
well as van der Waals and electrostatic double-layer interactions to capture nanoparticle—wall adhesion. Results
indicate that increasing the pore density from 30 to 60 pores per inch (PPI) enlarges the interfacial area while
reducing flow velocity, thereby extending particle residence time and significantly enhancing deposition.
Quantitatively, this increase in pore density leads to an approximate 26.5% rise in nanoparticle deposition ratio.
Among the cases examined, the Voronoi foam with 80% porosity and 30 PPI exhibited the lowest deposition
rate, whereas the foam with 80% porosity and 60 PPI showed the highest.
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Fig. 1 Initial and boundary conditions in a schematic 2D view of an
open-cell Voronoi metallic foam.
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Table 1 Physical properties of the nanoparticles and base fluid

Parameter Value
py=998.21 kg/m3

p, = 7870 kg/m?
#,=1.002 x 103 kg/(m.s)

Ay =0.4%x 10720
dp =20 nm

Density of water (fluid)
Density of nanoparticle
Dynamic viscosity of water
Hamaker constant of water
Nanoparticles diameter
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Fig. 2 View of the steps employed to generate metallic foam models using the Voronoi algorithm [18].
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Table 2 Comparison of percentage differences between the present
model and the reference study for validation.
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Fig. 7 Illustration of the effect of different pore densities at a constant porosity of 80% on flow velocity and streamline distribution.
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