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Abstract 

An accurate resolution of diffusion-reaction systems in porous particles starts with a fine description 

of physical and chemical phenomena, such as intra-particle diffusion, active site adsorption/desorption 

and reaction kinetics. For cylindrical and spherical particles, a one-dimensional resolution of the 

diffusive transport inside the porous network can generally be considered. However, for non-

conventional geometries as polylobes, often used in the refining industry, particle meshing is usually 

required. This approach leads to a considerable number of PDEs and consequently to substantial 

calculation times. In the proposed approach, the catalyst particle is described through its geometrical 

symmetries by the introduction of iso-concentration contours, allowing a resolution by means of a one-

dimensional model. In the developed methodology, a first mesh model is used as a starting point, 

wherefrom the concentration in each mesh element is obtained by solving the isothermal transient 

continuity equations. With the resulting concentration map, the iso-contours can be subsequently 

defined. The model was tested in terms of accuracy. An excellent agreement was obtained between the 

meshed and the iso-contour model. Also, for a trilobe shape, the simulation time with the innovative 

model decreased by almost 4 orders of magnitude (0.03s compared to 20s with the mesh model using 

9862 cells). 
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Concerning reactor design, the main objective consists 

in developing more accurate models, in order to increase 

prediction quality and consequently better operating and 

design parameters. An accurate reactor model can be 

achieved by including a fine description of hydrodynamics, 

mass and heat transfer, intra-particle diffusional transport 

and chemical reactions (Schwidder & Schnitzlein, 2012).  

The development of an accurate reactor model leads to 

an increase of the number of PDE’s to be solved. 

Therefore, the CPU time is drastically increased and 

memory saturation can be reached. As the local description 

of catalyst particles controls the order of magnitude of the 

total number of equations to solve, it is then essential to 

create a new catalyst model allowing the reduction of the 

number of PDEs. In this work we propose the reduction of 

one model dimension keeping the same level of accuracy.  

Strategy 

The strategy used in this work is defined in different 
steps. First of all, a geometrical equation is developed to 
present different catalyst shapes ranging from a polylobe to 



  
 
a cylindrical shape. This equation gives the contour of a 
given particle, which is characterized by the number of 
lobes, the radius of a given lobe (r), the particle radius (R) 
and the outer particle radius (Ro).  

 
Figure 1. Representative illustration of the parameters used in the 
general geometrical equation, which defines the catalyst shape. 

The second step consists to discretize the particle 
shape using a Cartesian grid, where the number of cells 
depends on the grid’s thinness. Then, in a third step, a 
diffusion-reaction material balance is applied and solved 
for each cell considering a constant porosity. Finally, a 
complete concentration map is obtained.  

 
Figure 2. Concentration map of a trilobe particle obtained 

from the iso-contour model, illustrating the iso-concentration 
contours. 

In step 4, 50 iso-concentration contours are extracted 
from the map using a specific algorithm based on 
interpolation and data sorting wherein a Voronoï partition 
was used.  

 
Figure 3. Representation of the iso-concentration contours. 

Once, iso-concentration contours are defined, their 
corresponding geometrical parameters are calculated 
(perimeter and average thickness between two iso-
contours) and used to perform a nondimensionalisation to 
further iso-contours simulations. 

In a final step, a global material balance is solved 

along the 50 iso-contours testing different parameters, such 

as the kinetics constant, the diffusion coefficient and the 

kinetics law. The number of equations to solve is 

considerably decreased (from 9862 cells to 50 iso-

contours), which leads to a drastic decrease in simulation 

time without altering the results accuracy. 

Furthermore, the material balance in transient state 

along iso-contour  is then defined by the following 

equation: 
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Results and conclusions 

With the innovative model, Iso-contour catalyst model 

it was possible to reduce one model dimension and keep 

the same level of accuracy. This model is endowed by the 

same degree of detail as the MESH model, having reduced 

the number of 𝑃𝐷𝐸𝑠 and maintaining nearly the same 

accuracy in the results. 

In order to understand the feasibility of the iso-contour 

model, we represent graphically the catalyst efficiency as a 

function of the diffusion coefficient. We may conclude 

from Figure 4 a good agreement between models. 

 
Figure 4. Representation of the concentration efficiency 

dependent on diffusional transport. 

The evaluation of catalyst performances for different 

particle shapes considering the variation of diffusional 

transport and kinetics constant, led to the conclusion that 

the trilobe shape is better respect to catalyst efficiency 

(Figure 5). This strategy will be also used to simulate 

particles partially wetted where  iso-concentration lines are 

non-symmetric. 

 
Figure 5. Concentration efficiencie comparison for 3 

different particle shapes by changing Deff, having 
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