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Abstract 

Liquid distribution in trickle bed reactors is a key hydrodynamic criterion for the reactor performance. When 
maldistributions exist, one dimensional classical plug-flow reactor model fails in predicting reactor performances since a 
more realistic description of hydrodynamics is required. 3D simulations of a lab-scale TBR using Eulerian-Eulerian model 
based on porous medium description have been carried out based on the model of Solomenko et al. (2014) and validated 
upon gamma- ray tomography data. The model has been then used to simulate hydrodynamics starting from different initial 
liquid maldistributions. In order to evaluate the impact of hydrodynamics on reactor performances, species transport has 
been  solved for in adiabatic and isothermal conditions including a set of hydro-treatment chemical reactions. Simulations 
are carried out in the chemical as well as in the diffusion-controlled regime. The global reactor conversion is quantified  
and compared to plug-flow hydrodynamic regime. To suggest more realistic 1D reactor model in these conditions, the  
theory of age distribution transport is used to build a multi-outlet reactor model based on the molecules internal age 
distribution in the reactor. 
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Trickle Bed Reactors (TBRs) have been used in 
refining for decades, since they are simple, cost-effective 
and relatively easy-to-scale-up1.  
Liquid distribution in trickle bed reactors is a key 
hydrodynamic criterion for the reactor performance. A 
poor liquid distribution can basically result in poor 
utilization or precocious deactivation of the catalyst and 
may induce local hot spots and  low reactor efficiency2. 
Several studies have been done in the past to investigate 
experimentally mal-distributions inside TBRs3,4, as well as 

numerically5,6 . Eulerian-Eulerian CFD models are 
potentially interesting to simulate hydrodynamics in 
trickle-bed reactors since they include description of 
micro-scale phenomena while simulating macro-scale 
reactor volumes. Starting from these models, kinetics, heat 
balance, internal and external mass transfers can be solved 
for and the effect of maldistributions on reactor 
performances can be determined.  
 



  
 
In this work a Eulerian-Eulerian CFD approach is used to 
simulate hydrodynamics in a 3D lab-scale trickle-bed 
reactor based on the model of Solomenko and al.(2015). 
The model is then validated upon Gamma-ray tomography 
measurements of liquid distribution. 
The transport of species and energy balance are then 
solved for to simulate a set of reactions of hydro-treatment 
of a charge of hydrocarbons. Two regimes are investigated: 
a chemical regime and a diffusion-limited regime. It has 
been shown that initial liquid distribution may affect the 
reactor performances in a more or less moderate way 
depending on the maldistribution profile. 
 
In order to build 1D reactor model that takes into account 
the liquid distribution profile, the transport of internal age 
distribution first and second moments has been simulated. 
This has been done by means of scalar transport equations 
with specific source terms developed in Liu and Tilton 
(2010). The profiles of first and second moments of 
internal age distribution allows describe the TBR by a set 
of parallel plug-flow reactors, each with a particular mass 
weight. This model is equivalent to a multi-exits plug-flow 
reactor and is shown to be more predictive than a classical 
plug-flow reactor with given axial dispersion, when the 
reactor is equipped with a classical chimney distribution 
plate. The accuracy of this reactor model is discussed for 
both chemical and diffusion-controlled reactor regimes. 
 
It has been shown that the classical plug-flow reactor 
modeling is not relevant all time depending on 
hydrodynamics, especially liquid distribution inside the 
TBR, and the reactor controlling regime. In many cases, 
description via multi-exits plug-flow reactor is necessary. 
 
 

 

Figure 1: nitrogen concentration at reactor 
outlet for different liquid maldistribution 

factors 

 

 

 

Figure 2: CFD-contours of  internal mean age 
distribution inside a 4m-TBR below  

distribution plate with Chimneys 
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