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Abstract: The hydrodynamic of internal reactors with a riser diameter of 4cm and 5cm operating with 
air and water system have been experimentally investigated for a range of superficial gas velocity. Here 
we have used 2 internal loops with 4cm and 5cm internal diameter. For each velocity we have 
measured the gas hold up. The gas phased sparged in to the column by means of 4 different spargers 
with different number of holes in 1mm diameter. The results show that the gas distributer plays an 
important role on the evolution of the bubble size distribution in gas-liquid reactor. So one of the main 
subjects of the present work is to study the influence of sparger design. 
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INTRODUCTION 

 
 Airlift reactors are finding increasing applications on chemical industry, Biochemical phermentation and 
biological waste water treatment process. Internal loop reactors consist of 2 parts. The part which the sparger is 
located is called the riser, and the other one is the down comer. 
 The driving force, based on the static pressure difference, or the mixture density difference, between the 
riser and the down comer generates the loop liquid circulation compared with conventional reactors like stirred 
tank reactors or bubble column, shear stress is relatively constant and mild through the reactor. For best design 
of an airlift reactor, it is necessary to have accurate estimates of the phase hold ups and velocities in the riser and 
down comer. Several literature studies have focused on the estimation of these hydrodynamic parameters. In 
particular, the velocities of the liquid in the down comer and riser are crucially dependent on the frictional losses 
which in turn are determined by the geometry of the reactor and the operating conditions. The formation of 
bubbles at orifices submerged in a liquid has been the subject of many theoretical and experimental works. The 
main review publications in this field were presented by Kumara and Kuloor (1970) Arbiter and Vogelphol 
(1986, Chapter 4).In the above cited publications, the research was meanly focused on the bubble formation    
at a single orifice. As a consequence, the interaction between the neighboring bubbles was hardly investigated. 
However Miyahara, Mastuha and Takahashi (1983) studied experimentally the influence of the distance 
between the holes and of the number of holes on the bubble diameter in the perforated plates measuring bubbles 
at 25 and 45 cm from the sparger in a column with 70 cm height. They concluded that the volume of the gas 
chamber does not influence the bubble diameter when the number of holes of the perforated plate is above 15. 
Conditions in which the gas chamber volume has no effect, decreasing the pitch the bubble diameter increases 
due to coalescence .when the ratio of the pitch to the hole diameter (p/dH) is less than 8.  
 
Experimental: 
 In this work we have used a vertical plexy glass bubble column with a length of 60 cm and inner diameter 
of 8 cm. At the bottom of the column the gas phase is introduced through 4 different distributers with different 
holes of 1 mm in diameter. The riser has 2 different diameters, first we have used the internal loop with a 
diameter of 4 cm and next we have used another one with a diameter of 5 cm. In the figure.1 the bubble column 
which is used for this study has been shown.  
 
     
 
 
 
 
 
 
 
 
 
 
Fig. 1: Experimental set up of internal airlift reactor 
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 The loop is mounted in to the column 8 cm above the gas distributor. A compressor supplies the air needed 
for sparging the column. A rotameter of (0-100) lpm range is used to measure flow rate of air. The compressed 
air from compressor is passed to sparger through rotameter wherein gas flow rate is measured. The fractional 
gas hold up is measured by visual observation. The reproducibility of the results was censured by repeating the 
experiments 3 to 4 times. The initial height of water which is retained inside the column stagnantly is measured. 
Air is bubbled from the bottom of the column. The final height is noted down. The change in height divided by 
the initial height gives the fractional gas hold up. The figures in the below shows 4 different kinds of sparger 
which are used in this work. The height of the stagnant liquid phase is 53cm. 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Shape  and structure of different spargers type 
 

RESULTS AND DISCUSSION 
 

 As the fig. 3.shows the first sparger has the maximum gas hold up compared with the 4 different types of 
sparger which are used in this experimentally work. The gas hold up of different sparger that are measured in 
this study is in the following trend: 
First sparger>second sparger>third sparger>fourth sparger. 
 The number of holes in the sparger are as the same trend. The first one has the most number of the holes 
and the fourth one has the less number. And the distribution of the bubble in the column for the first sparger is 
more uniform. So for more uniform bubble distribution the mixing is better and this effects on mass and heat 
transfer coefficients.These show a good agreement with the the others work.So the distribution of bubbles has 
an important role on gas hold up and ofcourse on transfer coeficients. 
        

 
  
Fig. 3:  Effect of different sparger on gas hold up 
                            
 The figs. 4-7 show the effect of internall loop and the diameter of it on gas hold up 4 for different sparger.as 
they show, in the column with 4cm internall loop the down comer area is  
larger so the frictional losses are smaller and therefor, a higher volume of liquid reciqulated. the higher 
reciqulations caus a smaller slip velocity between the liquid and gas  phases 
and consequently a smaller gas hold up. 
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Fig. 5: Effect of  internal loop on gas hold up                      Fig. 5: Effect of  internal loop on gas hold up      
 

  
 
 Fig. 7: Effect of Internal loop on gas hold up            Fig. 6: Effect of Internal loop on gas hold up  
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