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Abstract 

The 2 meter height by 20cm in diameter of bubble column was designed and fabricated in Nuclear Malaysia and placed 
under Plant Assessment Technology Group. The new invented bubble column was designed to meet the industry 
demand especially in chemical process industry in understanding the hydrodynamics of mixing process in the mixing 
vessel. In this study, the high speed camera has been used as the tools of investigating the parameters that give salient 
effects to the mixing process. The qualitative results were presented with respect to different number of holes on the 
sparger as the air distributor plate in order to determine the image and the size of the bubbles, gas hold up and critical 
superficial velocity. The visual observations presented here provide a very useful characterization of the instantaneous 
flow regimes and liquid flow patterns. Nevertheless,   the visual characterization described above is merely qualitative 
and it is not conclusive enough to define quantitatively and accurately. Another tools need to be used for the validation 
such as gamma tomography or radiotracer particle tracking (CARPT). 
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1) Introduction 

There are many important industrial processes that involve multiphase gas-liquid systems. Among them, bubble columns 

are extensively used in chemical, bio chemical and metallurgical industry  include hydrogenation, halogenations, Fischer-

Tropsch reaction, ozonelysis, alkylation and so on due to its simple construction in bringing into contact the two phases 

and easy to operate (Patel et al. 2008, Thorat et al. 2004). Gas sparger design and its performance could also affect the 

the local and overall gas hold up in the bubble column. In general, the dispersed bubble or homogenous and coalesced 

bubbles or heterogeneous have been identified as the common flow regimes in the bubble column reactor (Thorat et al. 

2004). Experimentally, the hydrodynamics of bubble columns depends on the temperature and pressure, the superficial 

velocity (UG), the physic-chemical properties of the liquid phase, type of sparger, and gas hold up (Patel et al. 2008, 

Thorat et al. 2004). Moreover, gas hold up information gives the overview of the flow regimes either homogenous, 

transition or heterogeneous regime for a given set of operating conditions. The bubbly flow regime, also called the 

homogeneous flow regime is obtained at low superficial gas velocities approximately less than 5 cm/s in semibatch 

columns (Diaz et al. 2008). 



Kawagoe et al. [1976] found that the gas holdup in the bubbly flow regime increases linearly with increasing superficial 
gas velocity. Moreover, according to Thorat et al. (2004), there is practically no bubble coalescence or break-up, thus 
bubble size in this regime is almost completely dictated by the sparger design and system properties.  

 

Spargers, like porous plates, generate uniform size bubbles and distribute the gas uniformly at the bottom of the liquid 

pool.Small orifice diameter plates enable the formation of smaller sized bubbles.There are several types  of sparger used 

namely  perforated plate, porous plate, membrane, ring type distributors and arm spargers. Figure 2 showed the flow 

regime with respect to the diameter of sparger. Superficial velocity, Vs is simply expressed as the volumetric flow rate 

divided by the cross-sectional area of the column. 

 

 

Figure 2. the flow regime with respect to the diameter of sparger 
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2) Methodology 

                           

Figure 3. Schematic diagram of bubble column set up 

Figure 3 shows the schematic diagram of experimental setup of the hydrodynamics study of bubble column using high -
speed digital video imaging for flow visualization. The system consists of a high speed camera (Model MEGASPEED CMOS 
30K)used to take images at 1000fps (frame per second) and 100W halogen lamp that provides the necessary lights. The 
air is supplied directly from the default air compressor and the rotameters with various ranges are used to control the 
flow rate of air. Table 1 and Table 2 show the dimension of bubble column and the three type of sparges with different 
numbers of holes are used in this study respectively. 

 

Height,H 2 m 

Outside Diameter, OD 200 mm 

Inside Diameter, ID 184 mm 

Area 26,593.04 mm2 

 

Table 1. Dimension of bubble column 

 

 

 



 

Spargers No. of holes Pitch, mm Orifice diameter, 
mm 

 

Type 1 337 1 9.5  

Type 2 43 1 26  

Type 3 19 3 43  

 

Table2. Type of spargers 

2.1) Qualitative description of the flow regimes: Visual observations 

SPARGER TYPE 1 

Sparger Type 1-low air flow 

    

0.1 l/min at bottom of column    0.1 l/min at top of column 

Sparger Type 1-medium air flow 

     

0.6 l/min at bottom of the column     0.6 l/min at bottom of the column 



Sparger Type 1-high air flow 

    

10 l/min at bottom of the column     10 l/min at bottom of the column 

Sparger Type 1 which is having 19 holes with 3mm as the orifice diameter shows that at Ug equals to 0.37mm/s or at 
0.6l/min, a bubble plume constituted by ellipsoidal bubbles of an equivalent diameter of around 6mm is clearly 
observed. Close to the sparger, the bubbles gather together, while close to the liquid level, the bubbles spread and 
covering a wider length of the bubble column width (M.E. Diaz et al. 2008). Nevertheless, at Ug equals to 6.2mm/s or at 
10/min the bubbles are rigorously formed and there is no formation of single bubble since the coalescence of bubbles 
are formed at the beginning when the air is introduced. 

 

SPARGER TYPE 2 

Sparger Type 2-low air flow 

 

   

0.1 l/min at bottom of column    0.1 l/min at top of column 

 

 

 



 

Sparger Type 2-Medium air flow 

    

1 l/min at bottom of the column    1 l/min at bottom of the column 

 

Sparger Type 2-high air flow 

   

10 l/min at bottom of column    10l/min at top of column 

The above figures show the video snapshots of the flow patterns at different flow rates for Sparger Type 2 which is 
having 43 holes with 1mm orifice diameter. The dispersed bubble flow regimes are characterized by the presence of 
bubbles that rise following a structure of vertical parallel lines. The distinct different of the bubbly flow can be observed 
at the top and at the bottom with respect with the different flow rates. This might be due to the stability of the flow is 
found at the top of the column instead of at the bottom where the bubbles are not fully segregated when first air flow is 
introduced at the bottom. As Ug increases, the bubble clusters start forming in the central oscillating bubble plume 
region. As the Ug increases, the most important formation takes place which are the coalescence and breaking up of 
bubbles and a larger number of bubbles of different sizes start coexisting. (M.E. Diaz et al. 2008). The visual observations 
presented here provide a very useful characterization of the instantaneous flow regimes and liquid flow patterns. 
Nevertheless,   the visual characterization described above is merely qualitative and it is not conclusive enough to define 
quantitatively and accurately. Another tools need to be used for the validation such as gamma tomography or 
radiotracer particle tracking (CARPT). 



 

2.2) Gas hold up and bubble size 

Gas holdup is defined as the volume of the gas phase divided by the total volume of the dispersion:   

The relationship between gas holdup and gas velocity is generally described by the proportionality:  

 

 

 

 

In the homogeneous flow regime, n is close to unity. When large bubbles are present, the exponent decreases, i.e., the 
gas holdup increases less than proportionally to the gas flow rate.  

 

Spargers Orifice diameter, 
mm 

Small size, mm Big bubble size, 
mm 

Gas hold up 
(small bubble) 

Gas hold up (big 
bubble) 

Type 1 3 8.75 11.75 0.003 0.0049 

Type 2 1 6.75 10.75 0.0153 0.008 

Type 3 1 6.25 9.75 0.02 0.010 

Table 3.  Correlation between bubble size and gas hold up. 

 

Table 3 shows the correlation between sizes of the bubble with respect to gas hold up. It indicates the size of bubble is 
determined by the size of orifice diameter. The smaller the orifice diameter, the smaller the bubble size and vice versa.  
According to Bouaifi et al. (2001), small orifice diameter plates enable the formation of smaller sized bubbles. The table 
also showed the gas hold up is greater as the small bubble is formed (Bouaifi et al. 2001).  

 

Spargers Maximum Gas hold up Superficial velocity cm/s Small bubbles , mm 

Type 1 0.1161 33.33 8.75 

Type 2 0.0455 16.66 6.75 

Type 3 0.0107 6.667 6.25 

Table 4. Correlation of gas hold up and superficial velocity 
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According to Table 4, the small bubbles show gradual increase with increasing superficial velocity (Schumpe and Grund 
1992). It also shows that the gas hold up has been found to increase with the increasing superficial velocity (Luo et al 
1996). Moreover, gas holdup is found to be strongly affected by the type of gas distributor .The effect is more 
pronounced especially for gas velocities below 6 cm/s (Luo et al. 1996) 

 

Conclusions 

 High air flow will form turbulence-like flow unlike medium and low air flow 

 Spargers, like porous plates, generate uniform size bubbles and distribute the gas uniformly at the bottom of the 
liquid pool. 

 Small orifice diameter plates enable the formation of smaller sized bubbles. 

 The gas hold up is greater as the small bubble is formed and gas holdup has been found to increase with 
increasing superficial gas velocity. 

 The visual characterization described above is merely qualitative and it is not conclusive enough to define 
quantitatively and accurately 

 In bubbly flow, small bubble holdup is not constant but changes significantly as the superficial velocity is 
changed.  
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