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Abstract 

Open-cell foams and Periodic Open-cellular structures (POCS) are regarded as promising catalyst 

supports for process intensification in gas-exhaust after-treatment applications. We present a combined 

numerical and experimental investigation of mass transfer and pressure drops aimed at deriving 

engineering correlations for the transport properties of the supports in function of their geometrical 

features. These supports exhibit high mass transfer rates at the expense of incremented pressure drops. An 

assessment of the performances of these structures has been performed based on a trade-off index between 

the conversion in the external mass transfer regime and the dimensionless pressure drops. POCS and open-

cell foams present similar or even higher merit indexes with respect to conventional honeycombs, while 

enabling a substantial reduction of the size of the catalyst support due to higher mass transfer rates. 
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Introduction

A central aspect in environmental processes is the 

tradeoff between diffusional mass transfer and pressure 

drops (Giani et al., 2005). Honeycombs are considered state 

of the art supports since they exhibit an ideal tradeoff 

between conversion and pressure losses thanks to the 

segregated and laminar flow-field. An alternative solution 

is represented by cellular materials like open-cell foams and 

POCS. Stochastic open-cell foams are composed by 

irregular cells composed by interconnected struts and 

permeable windows; the peculiar geometry of these 

structures enables a high surface area and a high void 

fraction. On the other hand, POCS are regular arrays of 

repeated elementary cells (e.g. space filling polyhedrons or 

diamond structures) of different shapes with open windows 

and struts. Despite the high interest towards new structured 

catalytic supports, adequate engineering correlations for the 
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description of gas-to-solid mass transfer and pressure drops 

are still missing in the literature. In this work we present the 

results of a combined numerical and experimental analysis 

of these two aspects. Finally, we compare performances of 

these new catalyst supports with conventional square 

channel honeycombs, employing the hereby derived 

engineering correlations to compute the mass transfer - 

pressure drops. trade-off.  

Experimental and numerical methods 

A combined numerical (Computational Fluid 

Dynamics – CFD) and experimental approach is employed 

for the evaluation of the transport properties. The numerical 

domains for the analysis of open-cell foams are created 

according to the virtual reconstruction methodology by 



  

 

 

Bracconi et al. (2017), whereas the mesh of POCS with 

different cell shapes and geometrical properties are created 

from the CAD files. 3D printing (SLA) was used to generate 

the supports for the investigation of pressure drops, while 

for mass transfer analysis commercial foams and POCS 

printed with the Powder bed method are exploited. Pressure 

drops are evaluated from cold flow tests and simulations. 

Mass transfer tests are based on CO oxidation runs over 

Pd/CeO2 washcoated foams and POCS. The same reaction 

was used for CFD simulations, enabling a direct comparison 

of the results. 

Results and discussion 

Pressure drops in open-cell foams and POCS can be 

correlated with modified Ergun-like equations. By using the 

strut diameter as characteristic length, the data retain the 

same functional dependencies on the void factions, but 

different coefficients are needed to adapt the correlation to 

the different geometries (Bracconi et al, 2018,a). Mass 

transfer data were interpreted with dimensionless numbers 

aiming at deriving an engineering relation between Sh and 

Re numbers. An excellent agreement between experimental 

data and CFD simulations is found (Bracconi et al, 2018,b). 

Thus, numerical experiments are employed along with the 

experiments to achieve a fundamental understanding of the 

mass transfer phenomena. A comprehensive description of 

the effects of the flow conditions and of the geometrical 

properties has been achieved, resulting in accurate 

engineering correlations able to predict the mass transfer 

properties of the structures, see Figure 1. 

 

Figure 1. Mass transfer correlations for open-

cell foams and cubic cell POCS 

Open-cell foams with high cell densities outperform the 

mass transfer performances of square channel honeycombs, 

as presented by Bracconi et al (2018,b). In analogy, very 

promising results can be obtained with POCS. 

The trade-off between mass transfer and pressure drops 

for open cell foams and POCS with cubic cells is presented 

in Figure 2. The merit index was calculated as proposed by 

Giani et al. (2005) – see Eq. (1).  
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 (1) 

Noteworthy, the merit index of honeycombs is 

invariant with Re. Instead, due to the different fluid 

dynamic behavior of open cell foams and POCS, the merit 

indexes of these structures show a maximum in the low 

Reynolds regime. Here, the advantages over square channel 

honeycombs may be significant for very void strucutres. 
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Figure2. Merit index of open cell foams, cubic cell POCS 

and square channel honeycomb 

Conclusions 

We present a numerical and experimental investigation 

of mass transfer and pressure drops in open cell foams and 

POCS. These structures represent a valid alternative to 

conventional honeycombs for novel efficient applications to 

exhaust gas after-treatment. 
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