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ABSTRACT 

 

Mass transfer operations for gas liquid separation can be carried out in two modes. One is gas 

dispersed in continuous liquid and Liquid dispersed in continuous gas flow. Tray columns and packed 

beds are examples of these two types of mass transfer equipments respectively. For fluids containing 

suspended solids, other equipments such as agitated vessels, spray chambers ventury scrubbers and 

sparged vessels can be used according to the requirements. Tray columns are the most important 

contact mechanisms along with packed columns. Easy cleaning, high liquid hold up, side stream 

flexibility are some advantages of tray towers over packed columns. Current review summarizes 

studies, research work and reviews carried out on tray columns. 

 

Keywords: Tray efficiency, modeling, inters phase mass transfer, computational fluid dynamics 

(CFD). 

 

INTRODUCTION 

Mass transfer operations are 

classified based on phases involved. Liquid 

separation includes extraction, which is 

most important operation in this category. 

Distillation separates liquids based on 

volatility. Extractive distillation combines 

these two mass transfer operations. 
[1-5]

 

Molecular distillation is low pressure 

operation carried for separation of heat 

sensitive materials. 
[6-10]

 Adsorption is used 

to separate solids from fluids by using 

adsorbents. Adsorption also finds 

application in catalysis. 
[11-15]

 Also 

adsorption is one of the major techniques 

used selectively for selective removal of 

pollutants from gaseous and liquid effluent. 
[16-20]

 These units operations can be 

combined with reactions to give process 

intensive solutions such as reactive 

chromatography, reactive adsorption, 

reactive distillation, membrane bioreactors 

etc. 
[21-25]

 Packed beds are used for gas 

liquid and liquid- solid separations. 
[26-29]

 

Use of catalyst packed or fluidized bed is 

common for solid catalyzed reactions. 
[30-35]

 

Tray columns are used for gas absorption 

and stripping along with few other 

applications. Easy cleaning, high liquid hold 

up, side stream flexibility are some 

advantages over packed columns. Current 

review summarizes studies, research work 

and reviews carried out on tray columns. 

 

MASS TRANSFER WITH TRAY 

TOWER AND ITS MODELING 

Rahimi et.al used computational 

fluid mechanics to predict the temperature 

and concentration distributions of 

distillation sieve trays. 
[36]

 They developed a 

three-dimensional two-fluid computational 

fluid dynamics (CFD) model. They modeled 

dispersed gas phase and continuous liquid 

phase using Eulerian framework. They used 

interphase mass transfer concept for 

developing closure models. They analyzed 

the extent to which CFD can be used as a 

prediction tool for real behavior. According 
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to them, CFD was the best and surest 

method of tray efficiency calculation. For 

development of new approaches for 

calculation of point and Murphree tray 

efficiencies by CFD, their studies can work 

as basis. Rahimi and Karimi studied mass 

transfer efficiency for distillation. 
[37]

 They 

used computational fluid dynamic based 

artificial neural network model for 

developing mass transfer efficiency model. 

They validated the CFD model for 

hydrodynamics and mass transfer 

characteristics of distillation column. Their 

results indicated that the CFD model 

predicted point efficiency close to the 

experimentally measurements. They 

combined artificial neural network tool with 

CFD and developed CFD-ANN model. 

Justi et.al carried out momentum and 

heat transfer analysis for sieve tray. 
[38]

 They 

carried out studies on ethanol water 

distillation. They also carried out 

computational fluid dynamic analysis of the 

process. The distillation using tray towers 

faces problems like recirculation, stagnation 

zones and chaotic hydrodynamic behavior. 

The velocity profiles for upstream and 

downstream regions were in good 

agreement with experimental data. They 

also observed that temperature fields 

presented an expected behavior.  

Teleken et.al carried out studies on 

multiphase flow in a sieve tray of a 

distillation column. 
[39]

 They investigated 

complex hydrodynamics of sieve trays in 

pilot plant distillation columns. They 

employed distributed control system with 

heating action at intermediate points, 

through electrical resistance heaters. Also 

they evaluated the influence of these 

electrical resistance heaters on the 

hydrodynamics. They observed that the flow 

patterns were influenced by electrical 

resistance heaters placed on the surfaces of 

the sieve trays. One of their key conclusions 

in these studies was that, understanding the 

inter-phase transfer is key to predicting gas-

liquid flow in a distillation tray. They also 

found that the electrical resistance the 

homogenizes the phase mixture in the active 

bubbling region. Sovilj carried out studies 

on hydrodynamics of gas-agitated liquid-

liquid extraction columns. 
[40]

 They reported 

the studies on hydrodynamics in the non-

agitated extraction columns. According to 

them, the non-agitated contacting 

equipments like spray column, packed 

column, perforated plate column, sieve plate 

column, etc. have limited application 

because of back mixing issues. They noticed 

that spray column when operated with dense 

packing of drops exhibits low back mixing. 

Also introduction of inert gas can increase 

the efficiency of a non-agitated extraction 

column. 

Belincanta et.al carried out 

investigation on parastillation column. 
[41]

 In 

parastillation process, the vapor stream is 

divided into two equal parts. In this process, 

the falling liquid is alternately contacted 

with both vapor parts on a stage-by-stage 

basis. They used laboratory scale apparatus 

to study this process. For ethanol water 

system, they carried out experiments under 

total and partial reflux conditions. They 

analyzed the effects of initial concentration 

on the hydrodynamic conditions. The effect 

of vapour flow rate on the hydrodynamics 

was also studied by them. They observed 

that the foam (cellular and homogeneous) 

regime occurred more often in parastillation 

than conventional column. According to 

these studies, higher dispersion heights were 

observed on the upper trays. This was due to 

increase in vapor velocity. They also 

observed that the Murphree tray efficiency 

was strongly affected by system properties. 

Also composition affects the Murphree tray 

efficiency to a considerable extent. 

Wijn et.al investigated mechanisms 

for the flow of liquid over outlet weirs of 

distillation and absorption trays. 
[42]

 They 

used Francis' weir equation for estimating 

the height required by clear liquid flowing 

over a weir. They found that because of a 

splashing mechanism, a non-gassed zone 

(calming zone) next to the down comer has 

a large effect. By using stochastic model, 

they related the weir flow to the flow 

mechanisms upstream of the tray outlet. By 
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using upstream mechanisms they were able 

to provide the input needed for a new weir 

crest equation. Brahem et.al carried out 

experimental studies on valve tray columns. 
[43]

 They studied experimentally, effect of 

path length on valve tray columns. They 

carried out experiments with two different 

path length columns to provide a wide data 

base. They proposed correlations for liquid 

fraction, emulsion heights and interfacial 

area. The effect of scaling could not be 

considered in these studies. There was need 

to improve the correlation to account for 

this and other aspects such as 

physicochemical parameters. 

Malvin et.al investigated the 

hydrodynamics and hydraulics of industrial-

scale distillation sieve tray. 
[44]

 They 

modeled interactions between three-

dimensional two-phase flow of gas and 

liquid. They made an attempt o improve 

Reynolds-Averaged Navier-Stokes (RANS). 

Volume of fluid (VOF) multiphase model 

through large eddy simulation (LES) was 

employed by them in the studies. They 

noted very good agreement with 

experimental data of the model results. 

Attarakih et.al carried out dynamic analysis 

and control of sieve tray gas absorption 

column. 
[45]

 They used MATALB and 

SIMULINK software for this purpose. 

These studies highlighted powerful 

combination of SIMULINK/ MATLAB 

software as an effective flow sheeting tool. 

As a case study, they analyzed ethanol 

absorption from CO2 stream in a 

fermentation process. They found that the 

number of iterations needed to achieve a 

given tolerance was function of the 

Murphree tray efficiency. They found that 

with respect to inlet gas composition, gas 

composition response was linear. It was non 

linear with respect to inlet gas flow rate. 

 

CONCLUSION 

Tray columns are the most important 

contact mechanisms along with packed 

columns. Easy cleaning, high liquid hold up, 

side stream flexibility are some advantages 

over packed columns. CFD was the best and 

surest method of tray efficiency calculation. 

Understanding the inter-phase transfer is 

key to predicting gas-liquid flow in a 

distillation tray. The non-agitated contacting 

equipments like spray column, packed 

column, perforated plate column, sieve plate 

column, etc. have limited application 

because of back mixing issues. 
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