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Abstract 

In this work, the hydrodynamics of trickle bed reactors were investigated with consideration of effects 

and conditions not typically reported in the literature. Cases have included an evaluation of trickle flow 

for systems with catalyst support particle size distributions, the study of prewetting effects on flow 

regime transition, and the characterization of the trickle-bubbly flow regime. Results and conclusions of 

on-going related work will also be presented. 
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Trickle bed reactors involve cocurrent downflow of 

gaseous and liquid reactants over a packed bed of catalyst.  

Industrial applications of trickle bed reactors include 

hydrogenation, hydrodesulfurization, and selective 

oxidation reactions (Ranade et al., 2011).  The multiphase 

flow of gas and liquid over the packed bed of catalyst 

results in hydrodynamics that significantly influence 

reactor design and performance. This is exemplified by the 

existence of several flow regimes, including the low 

interaction trickling regime and the high interaction 

regimes of pulsing, bubbly, and spray flow, which are 

encountered at higher gas and liquid velocities. Sharp 

changes in heat and mass transfer rates occur with 

transition in flow regime, subsequently impacting reactor 

performance. Accurate characterization of hydrodynamics 

within a particular flow regime and of the conditions 

where flow regime transitions occur is therefore critical. 

Literature reports of trickle bed reactors are typically 

restricted to systems with uniform particle size and narrow 

ranges of gas and liquid velocities, generally focusing near 

the trickle-pulsing flow regime transition. The influence of 

additional effects, such as prewetting procedures, have 

also been ignored in earlier works.  

In this work, an evaluation of the hydrodynamics 

under conditions outside of these typical ranges is 

reported. Cases which have been investigated include 1) 

beds packed with catalyst support particle size 

distributions (Honda et al., 2014), 2) the effect of 

prewetting procedure on trickle bed reactors (Honda et al., 

2015), and 3) the characterization of the trickle-bubbly 

flow regime transition (Honda et al., 2016). Additional 

results of ongoing work in trickle bed reactors will also be 

discussed. 

Experimental 

Hydrodynamics were evaluated using a 2” ID 

transparent walled column operated at room temperature 

and pressure. In each case, careful packing methods and 

prewetting procedures were used to ensure reproducibility. 

Catalyst support particles were characterized by 

appropriate methods to determine particle size 

distributions and bed void fractions. In all cases, pressure 



  
 

 

drop was monitored using a differential pressure 

transducer. 

For the evaluation of trickle flow with catalyst 

supports having a size distribution, liquid holdup was 

determined based on weighing of the column under flow. 

Packing media evaluated included granular activated 

carbon and distributions of glass beads. 

For the effect of prewetting procedures on flow 

regime transition, a single 3 mm ceramic bead packing 

was utilized. Flow regime transition was determined by 

monitoring pressure drop fluctuation with confirmation by 

visual observation and recordings with a high speed 

camera. 

Lastly, for the study of the trickle-bubbly flow regime 

transition, several different packing media including 

alumina spheres and alumina extrudates were utilized. 

Detection of flow regime followed methods in the 

previous case. Additional experiments were performed on 

a 6” ID column for evaluation of wall effects.  

Results 

In the particle size distribution study, experimental 

results were compared with predictions from ten different 

literature models. The model definition of the effective 

particle diameter was changed to better account for the 

size distribution, and an improvement in prediction of 

dimensionless pressure drop was achieved.  

 

Figure 1.  Flow regime map including the effects of 

prewetting procedure. 

 

In the next study, a significant effect of prewetting 

procedure on the trickle-pulsing and trickle-bubbly flow 

regime transitions was observed (Figure 1). Those 

methods having better initial wetting resulted in transitions 

at lower values of liquid superficial velocity, vL, while 

drier methods resulted in transitions at higher vL. 

Additionally, the liquid velocity required for the trickle-

bubbly transition was observed to be relatively 

independent of the gas velocity. This is in contrast to the 

trickle-pulsing transition which has a much stronger 

dependence on the gas velocity. 

 

Figure 2.  Flow regime map for the trickle-bubbly 

transition for various particles and bed properties. 

 

The latter observation was confirmed for a range of 

packing media in the characterization of the trickle-bubbly 

flow regime transition (Figure 2). For all experimental 

conditions, the vL required for the trickle-bubbly transition 

was relatively independent of the vG. Also, the transition 

was dependent on bed void fraction, surface tension, and 

particle shape, but was independent of particle diameter. 

In addition to the summary of these cases, current 

results will be presented for the ongoing work in trickle 

bed reactors. In this case, hydrodynamics are investigated 

for a bed with small particle size and operated at low gas 

and liquid velocities, typical of pharmaceutical 

applications. Implications for reactor scale up will be 

discussed, along with preliminary reaction results.  

Conclusions 

The hydrodynamics of trickle beds differ significantly 

when operating outside of the typical ranges of variables 

reported in the literature. In such circumstances, further 

evaluation is necessary to fully understand the reactor 

hydrodynamics. In addition to the discussed cases, results 

from ongoing work on trickle bed reactors will be 

presented at ISCRE 24. 
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