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Abstract 

In the present work, a new low-shear rotating fixed bed concept will be introduced for process 

intensification of heterogeneous catalytic reactions in cocurrent downflow and upflow packed bed 

reactors. In order to assess the potential advantages of this new reactor concept properly, exhaustive 

hydrodynamic studies will be carried out using embedded low-intrusive wire mesh sensors. The effect of 

rotational velocities on gas-liquid flow patterns in the bed cross-section, liquid saturation, and bed 

overall pressure drop will be investigated. In addition, liquid residence time and axial dispersion 

estimated by a stimulus-response technique and a macro-mixing model will be presented and discussed. 
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Introduction
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Gas-liquid fixed bed reactors are widely applied in the 

chemical and petrochemical industry for heterogeneous 

catalytic reactions due to their simplicity in construction, 

high residence times, and large production volumes 

(DUDUKOVIC et al., 2002). Depending on the type of 

process, i.e. reactant limitation and requirement on the 

state of mixedness, they are operated in cocurrent gas-

liquid downflow (trickle bed, TBR) or upflow mode with 

the liquid and gas phases passing through the fixed bed of 

randomly filled catalyst particles. 

 

Notwithstanding that fixed bed reactors are the 

workhorse in heterogeneously catalyzed processes, they 

suffer from shortcomings such as lacking sufficient radial 

and axial mixing, partial catalyst utilization due to poor 

wetting of the catalyst, significantly reducing heat transfer 

and promoting hotspot formation, and low gas phase mass 

transfer to the active sites of the catalyst due to stagnant 

liquid films at the surface of the catalyst acting as a barrier 

(KHADILKAR et al., 1996). 
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From economic and environmental standpoints, the 

performance of fixed bed reactors ought to be intensified 

either by operational methods or designing efficient 

reactors. Flow modulation technique (or cyclic mode of 

operation) has been tremendously investigated in the 

literature in an attempt to cope with the above limitations, 

while alternate methods for enhancing fixed bed reactor 

performance have been seldom explored. In this work, 

therefore, a low-shear rotating tubular fixed bed is 

proposed as a novel operational concept for process 

intensification of heterogeneous catalytic reactions in 

cocurrent downflow and upflow fixed bed reactors. 

Rotating Tubular Fixed Bed Reactor 

The new low-shear rotating reactor concept allows 

adjusting different flow regimes, i.e. dispersed flow or 

annular flow (see Figure 1), at constant gas and liquid 

superficial velocities. It also helps controlling pressure 

drop, liquid saturation, fluid residence time and dispersion. 

Depending on the type of reactions carried out in fixed bed 

reactors being limited either by liquid phase or gas phase, a 

complete irrigation of the catalyst and thinner liquid films 

at the catalyst surface, to ease accessibility of the active 

sites for the gaseous reactants, can be achieved by tuning 

an appropriate rotational speed. In order to implement 

effectively this new reactor concept in multiphase fixed 

bed reactors, comprehensive hydrodynamic studies have 

also to be carried out. 
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Figure 1. Evolving flow pattern in the rotating 
tubular packed bed reactor for (a) downflow 

and (b) upflow (note: pixels represent the local 
liquid saturation of the wire-mesh sensor) 

For this purpose, a new laboratory-scale packed bed 

reactor systems (see Figure 2) will be used. The reactor has 

an inner diameter of 100 mm. The random catalyst packing 

(4 mm glass particles) is retained immobile between two 

retaining grids resulting in a total length of the fixed bed of 

1000 mm. The reactor is rotated by a hollow shaft rotary 

actuator and a rotational velocity up to 90 rpm is precisely 

adjusted via a stepper motor. 
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Figure 2. Experimental setup for the rotating 
tubular packed bed reactors 

Hydrodynamics of two modes of operation i.e., gas-

liquid cocurrent downflow and upflow, will be investigated 

under different vessel rotational speeds and gas and liquid 

flow rates. The hydrodynamic characteristics in terms of 

liquid saturation, bed overall pressure drop, and gas-liquid 

flow patterns will be experimentally studied. Moreover, the 

residence time distribution experiments will be conducted 

in this new low-shear rotating fixed bed concept and the 

liquid residence time and the axial dispersion coefficient 

will be determined. Two capacitance wire mesh sensors 

(WMS) positioned firmly on the rotating packed beds will 

be employed to scrutinize the two-phase flow dynamic 

features as well as to detect the tracer pulses. The 

hydrodynamic behavior of the rotating packed beds will be 

compared with the stationary conventional fixed bed 

reactors. 

Conclusion 

The performance of the new low-shear rotating fixed 

bed concept will be assessed based on comprehensive 

hydrodynamic studies using embedded WMS. Results of 

the effect of different rotational speeds on gas-liquid flow 

patterns, liquid saturation, and bed overall pressure drop 

will be illustrated. Furthermore, liquid residence time and 

backmixing estimated by a stimulus-response technique 

and a macro-mixing model will be presented and discussed 

with respect to the prevailing flow patterns. 
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