
Application of vortex chambers for the intensification of catalytic fluidized bed processes: 
 
 The project aims at experimentally and numerically studying the design of vortex chambers to 
allow application with fine catalyst powders and numerically evaluating the process intensification 
potential for catalytic fluidized processes. 
 

To build up a dense and uniform rotating particle bed in vortex chambers, a sufficiently high 
centrifugal force has to be generated to counteract the radial gas-solid drag force. The latter results 
from the process gas going from the outer cylindrical wall of the vortex chamber to the centrally 
positioned chimney and logically depends on the gas flow rate. The centrifugal force also depends on 
the gas flow rate, the particle bed rotational motion being introduced by the tangential injection of the 
process gas in the vortex chamber via multiple gas inlet slots. For a given vortex chamber design, the 
ratio of the radial gas-solid drag force and the centrifugal force as such hardly depends on the gas 
flow rate (in a relatively wide range), but mainly depends on the type of particles being fluidized. This 
is illustrated in Fig. 1 showing the fluidization of three different types of particles in a vortex chamber of 
given design and at given gas and solids feed rates. Whereas with the 1G-Geldart D-type polymer 
pellets a dense and uniform rotating particle bed is obtained, some bubbling is observed with 1G-
Geldart B-type salt particles and no particle bed is obtained with 1G-Geldart A-type FCC catalyst 
powder, particle losses via the chimney being too pronounced. The vortex chamber design allows 
adjusting the ratio of the radial gas-solid drag force and the centrifugal force. Figure 2 shows that by 
increasing the gas injection velocity for a given gas flow rate, the centrifugal force can be increased, 
particle losses via the chimney reduced and a dense rotating particle bed of FCC catalyst powder 
obtained. The experimental data are used to develop rules for the design of vortex chambers and to 
develop and validate Computational Fluid Dynamics type reactor models. 
 

 
Fig. 1. High-G fluidization of different types of particles in a vortex chamber of given design at given 
gas and solids feed rates (Trujillo and De Wilde, 2011). 
 

 
Fig. 2. High-G fluidization of 70 µm FCC catalyst powder in vortex chamber of different design at given 
gas and solids feed rates (Trujillo and De Wilde, 2011). 
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 The process intensification potential of vortex chambers in Fluid Catalytic Cracking is studied 
by means of detailed Computational Fluid Dynamics (CFD) simulations, including interfacial mass and 
heat transfer and detailed reaction kinetics (Trujillo and De Wilde, 2010 & 2012). While the catalyst 
makes multiple turns in the vortex chamber, coke deposition takes place. To account for the resulting 
non-uniformity in the catalyst activity, a population balance method is developed and coupled with the 
CFD model (Trujillo and De Wilde, 2012). The simulation code allows evaluating the conversion of gas 
oil over the relatively thin particle bed in vortex chambers and studying temperature uniformity and 
scale-up. The simulation code also allows studying specific design aspects of vortex chambers, such 
as the optimal way of feeding solids. Videos 1 and 2 show, for example, the solids volume fraction, 
respectively gas oil concentration in a vortex chamber in which the solids are radially introduced via 
extra slots in the cylindrical wall. The introduction of the solids is seen to significantly disturb the 
particle bed motion and as such the conversion of gas oil. With an alternative way of feeding solids, 
this problem can be remedied, as shown in Videos 3 and 4. 
 
 Video 1: CFD simulation of Fluid Catalytic Cracking in a vortex chamber with solids inlet type 
A: Solids volume fraction profile with increasing solids loading in the vortex chamber (see also Trujillo 
and De Wilde, 2012). 
 
 Video 2: CFD simulation of Fluid Catalytic Cracking in a vortex chamber with solids inlet type 
A: Gas oil concentration profile with increasing solids loading in the vortex chamber (see also Trujillo 
and De Wilde, 2012). 
 
 Video 3: CFD simulation of Fluid Catalytic Cracking in a vortex chamber with solids inlet type 
B: Solids volume fraction profile with increasing solids loading in the vortex chamber (see also Trujillo 
and De Wilde, 2012). 
 
 Video 4: CFD simulation of Fluid Catalytic Cracking in a vortex chamber with solids inlet type 
B: Gas oil concentration profile with increasing solids loading in the vortex chamber (see also Trujillo 
and De Wilde, 2012). 
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