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T The study of hydrodynamic plays an important role in the economical design and operation of a three phase fluidization 
bed. The present work is an experimental investigation on the hydrodynamic behavior of a co-current three phase fluidized 
bed with liquid as a continuation phase in a 50mm id Perspex column with three different particle sizes of glass beads and 
rascing rings . Based on the experimental work, the effect of fluid rates on the various parameters such as pressure drop, 
gas hold ups were studied and the observed data was reported.

Engineering

INTRODUCTION 
The three phase fluidized bed is a device in which the gas 
phase moves in the form of bubbles relative to the liquid 
phase and eventually reactive solid is fluidized in the liquid 
phase. The commercial application of three phase fluidization 
systems are in heavy oil, synthetic crude processing, coal liq-
uefaction in the presence of catalyst, biological waste water 
treatment and fermentation .The hydrodynamic behavior of 
gas-liquid-solid fluidized bed is a complex subject and one of 
the most important for basic understanding of certain refinery 
and petrochemical industrial applications.

Gas-liquid fluidization is defined as an operation in which bed 
of solid particles are suspended in gas and liquid, which is due 
to the net drag force of the gas and or liquid flowing oppo-
site to the gravitational force or the buoyancy forces on the 
particles. If gas is introduced in liquid-solid fluidized bed, it is 
possible to disperse the gas in the form of small bubbles and 
there by obtain a good contact between the gas, the liquid 
and the solids. It is called as Three phase or Gas-Liquid-Sol-
id fluidized beds. An interesting phenomenon, in three-phase 
fluidization is the expansion or contraction of bed, due to the 
introduction of gas in the bottom of a bed of solids fluidized 
by a liquid at a constant liquid flow rate.

The successful design and operation of gas-liquid fluidization 
bed systems depends on the ability to accurately predict the 
fundamental characteristics of the system. Knowledge of min-
imum fluidization velocity is essential for the successful opera-
tion of three phase fluidized beds. 

The experiments were conducted with water as continuous 
phase, air as dispersed phase and Glass beads and Rasching 
rings of different sizes were used as solid phase. In this pres-
entation the effect of fluid rates on the various parameters 
such as pressure drop, gas hold ups were studied and the ob-
served data was reported.

2.0 EXPERIMENTAL STUDIES
2.1Experimental Setup:
The experimental setup comprises three portions, one main 
column, second liquid flow system and third air flow system. 
The main column comprises an entering section through 
which both liquid and gas enter through separate paths. The 

entering section is followed by calming section filled with 1cm 
diameter marbles in order to provide uniform distribution of 
liquid and air. Both liquid and gas enters the calming section 
and flow through a strenuous path and enter into a test col-
umn. A distributor plate with 1mm holes arranged in trian-
gular pitch is placed between the flanges connecting calming 
section and test section .Total column is constructed with cop-
per except test column. Test column is the main soul of the 
experiment made up of Perspex and having an inner diame-
ter of 5cm,6mm thickness and 70 cm long. Below and above 
the test section two “on-off” valves are provided for sudden 
closure to facilitate the holdup measurements. Above the test 
section there is a fluid disengaging section. From the top of 
the column a long pipe is connected normally leading the out-
going fluid into a circulation tank.

2.2 Experimental Procedure:
The experiment was conducted using three different sizes of 
glass bead particles 4mm, 5mm and 6mm and Rascing rings 
of 3.6mm,2.1mm& 50% both the sizes respectively with liq-
uid as a continuous phase. Two sets of operating conditions 
were used. One by maintaining the gas phase flow rates 
constant and the other by keeping the liquid flow rates as 
constant. The height of the expanded bed was noted, when 
the steady state conditions were attained. The pressure drop 
across the fluidized bed was noted using the manometric 
method. The liquid holdup and gas holdup can be calcu-
lated by measuring the gas-liquid and liquid fluidized bed 
heights.

3.0 RESULTS AND DISCUSSIONS
The pressure drop, gas holdup and liquid holdup were calcu-
lated using the experimental data.

3.1. Pressure Drop: From the fig.2,3,4,5,6,7.,it can be in-
ferred that as the air velocities are increased the pressure drop 
in the liquid side decreased. At higher air velocities the min-
imum fluidization is occurring at lower pressure drop. This is 
observed in case of all size of particles of the same material 
and also different density particles. The phenomenon of slug-
ging is clearly observed at high gas velocities. The increase in 
liquid velocity results in continuous rise in pressure drop till 
complete fluidization has taken place.
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Fig.1.Effect of gas velocity on pressure drop(6 mm Glass 
Beads)

Fig.2.Effect of gas velocity on pressure drop(5 mm Glass 
Beads)

Fig.3.Effect of gas velocity on pressure drop(4 mm Glass 
Beads)

Fig.4.Effect of gas velocity on pressure drop(3.6 mm Ra-

sching Rings)

Fig.5.Effect of gas velocity on pressure drop(2.1 mm Ra-
sching Rings)

Fig.6.Effect of gas velocity on pressure drop (50% both 
3.6 and 2.1mm Rasching Rings)
 
3.2.Gas holdup: From the fig 7,8 and 9,for beds of particle 
size say glass beads 4,5 and 6 mm and for rasching rings of 
size 2.1 ,3.6 mm the gas holdup increases with increasing su-
perficial gas velocity and decreases with increasing superficial 
liquid velocity. The holdup was very high in low liquid flow 
rates and high gas rates, the influence of liquid velocity was 
more on gas holdup.

Fig.7.Effect of Liquid velocity on Gas Holdup (Glass 
Beads,Ug=0.0123m/s)  

Fig.8.Effect of Liquid velocity on Gas Holdup (Glass 
Beads,Ug =0.0164m/s)  
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Fig.9.Effect of Liquid velocity on Gas Holdup (Glass 
Beads,Ug =0.0247m/s)  

Fig.10.Effect of Liquid velocity on Gas Holdup (Rasching 
Rings,Ug =0.0123m/s)  

Fig.7.Effect of Liquid velocity on Gas Holdup (Rasching 
Rings,Ug =0.0164m/s)  

Fig.7.Effect of Liquid velocity on Gas Holdup (Rasching 
Rings,Ug =0.0247m/s)  
 

4.0. CONCLUSION:
As the air velocities are increased the pressure drop and also 
the minimum fluidization velocity are observed to be decreas-
ing. The same behavior is observed when the sizes of the par-
ticles are changed and particles considered are different. The 
pressure drops are higher for finer particles compared with 
coarser particles and the minimum fluidization occurred at 
higher superficial liquid velocities for large sized particles. The 
Gas Holdup is independent of liquid velocity. The Gas holdup 
is observed to be increasing with increase in the gas velocity 
and decrease with increase in particle size.
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