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Highlights
· CFD workflow to compute Pe in small size fixed beds using DEM and OpenFOAM
· Accurate prediction of Pe numbers using first two moments of age distribution
· Local Pe depends on local structural features
· CFD prediction allows to study small trends without experimental errors

1. Introduction
Over the decades, fixed bed reactors for catalyst testing have faced a reduction in size and now they commonly have diameters below 1 cm, the limit being the catalyst pellet size (~1-3 mm). The advantages of these reactors are numerous: less catalyst used, less amount of reactant used and of wastes produced, better temperature control, reduced safety risks and easier implementation of parallel reactor systems [1]. Those reactors were designed for catalyst screening, so that hydrodynamics was not really an issue as long as the ranking and uncertainty were correct. As those reactors produce a large amount of data, a new question arises: can we use those results to build models for catalyst performance prediction? This work aims at improving our understanding of the hydrodynamics of these small reactors using CFD tools.
2. Methods
The work is based on a workflow mimicking the real usage of fixed bed reactors. In a first step, we pack spherical particles in cylindrical reactors using a Discrete Element Method package (Grains3D [2], Figure 1). Then we compute the steady state hydrodynamics in those reactors using the simpleFoam solver (Figure 1) from the OpenFOAM suite [3] augmented with the simulation of the moments of age distribution [4]. The outputs of the simulation are the mass flux weighted averages of the first and second order moments of age in many cross-sections of the reactors. Using the classical formula, we then compute the Peclet number (Pe) for any sub-volume in the reactor as: 

Simulations have carried out for a common cylindrical reactor of 7.75 mm diameter and 187 mm long packed with spheres of 2 to 7 mm in diameter. Two layers, with 3mm thickness each, and free of particles, have been added at the top and bottom sides of the packing, respectively, to facilitate the numerical simulation of flow conditions near the inlet and outlet regions.
3. Results and discussion
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Figure 1: Left: Examples of packing,  = D/dp, - Right : Velocity magnitude in a reactor cut (dp = 4 mm)
The CFD results match very well experimental data based on RTD [5] (Figure 2 - left). Local packing structures have a staircase impact on local Pe evolutions (Figure 2 - middle). The effect of molecular diffusion on Bodenstein number (Bo =Pe dp/L) matches the literature [6] in the global shape and effect of Schmidt number (Figure 2 - right).
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Figure 2:  Left: Comparison experiments / CFD – Middle: plot of the evolution of Pe from inlet – Right: parametric study on velocity and molecular diffusion.
4. Conclusions
Our simulation workflow matches very well the experimental data and will be used to study precisely the effects of molecular diffusion, inlet velocity and reactor-to-particle diameter ratio on the plug flow behavior of fixed beds. We also plan to study the randomness effects on the results when the packings are repeated. 
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