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Abstract 
 
The objective of this research work was to determine the gas dispersion performance of an aerofoil 

impeller and a standard Rushton turbine for gas–liquid mixing an agitated vessel via electrical resistance 

tomography (ERT) visualization. The experimental work was carried out in a fully baffled 400-mm-
diameter agitated vessel that was fitted with four planes of 16 stainless steel electrodes connected to an 

ITS P2000 ERT system. Agitation was achieved by using a Lightnin Labmaster system mounted on the 

vessel. The ITS ERT system is equipped with a real-time data acquisition system that has the capability to 
capture images at up to 20 frames per second. The gas dispersion images were reconstructed using built-in 

image reconstruction software based on a modified linear back projection algorithm. A Matlab code was 

also developed to further analyse the gas dispersion by plotting a real-time surface plot from the ERT data. 
Various gas dispersion conditions such as flooded, transition, and dispersed were successfully visualized 

and characterized using the ERT technique, and over the range of the experimental works, the standard 

Rushton turbine was found to be a more efficient than the Lightnin A320 impeller. 
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1.0  INTRODUCTION 

 

Gas–liquid mixing operations are encountered widely in the 

processing industries that involve physical and chemical changes. 

Examples of these industries are food and beverages, petroleum, 

chemicals, pharmaceuticals, pulp and paper, and wastewater 

treatment [1,2,3. Gas–liquid mixing is more complex than single 

phase mixing due to the dynamics of the individual phases as well 

as the interaction between them. An understanding of the 

dynamics of gas–liquid mixing is therefore crucial for 

optimization of designs and operation of the processing units. The 

best technique for determining the fundamental behaviours of a 

multiphase system is via visualization inside the process. Among 

the possible techniques for characterizing the dynamics of a gas–

liquid system are computational fluid dynamics (CFD) [4], optical 

sensors [5], and electrical resistance tomography (ERT) [6,7,8]. In 

recent years, developments of the technology have led to 

widespread use of ERT for industrial applications [6]. The ERT 

technique is becoming increasingly important because of its 

capacity for providing potentially detailed information on the 

complex internal flow and multiphase behaviour of process units 

non-invasively and non-intrusively [6]. ERT is a simple and 

robust measurement technique with a wide range of applications 

such as analysis of gas holdup in a bubble column [9,10], 

mapping of particulate multiphase flow [11], two-phase pipe flow 

parameter measurement [12], and gas–liquid mixing in an agitated 

vessel [4,11,13,14,15]. 

  ERT has been introduced and used in various investigations 

for visualization of the concentration profiles and characteristics 

of fluid dynamics in gas–liquid systems [16]. The ERT offers a 

unique opportunity for a non-invasive internal visualization of 

gas–liquid mixing in a mechanically agitated vessel [6,7]. This 

system is based on the use of an array of sensors that are located 

along the agitated vessel. Images obtained from electrical 

tomography show the cross-sectional spatial variation of 

resistivity. With proper calibration, these images depict the 

distribution of phase density or phase concentration in the process 

[7]. Among the advantages of ERT, it is useful for validating CFD 

models for gas–liquid mixing, its ideal electrode is inexpensive, 

rugged, long lasting, nontoxic, and electrically quiet, and it 

provides a technique for fast data acquisition of peripherally 

sensed resistivity which can be reconstructed to give space-wise 

discrimination down to 5% [6,7,8]. 
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Most of the gas–liquid mixing operations in the processing 

industries are performed in mechanically agitated vessels. One of 

the critical factors in the design of these vessels is the selection of 

the impeller type. Impellers are traditionally divided into two 

broad categories, namely radial or axial flow impellers, depending 

on the main direction of the fluid motion that is induced by the 

rotation of the impeller. A radial impeller such as the Rushton 

turbine is generally accepted as a more efficient impeller for gas–

liquid mixing. The aerofoil is another category of impeller that 

features mixed flow fluid motion due to its rotation with potential 

for gas–liquid operation. Thus, this paper reports the findings of 

ERT visualization of gas dispersion performance in a 

mechanically agitated vessel mounted with a radial impeller and 

an aerofoil impeller. 

 

 

2.0  EXPERIMENTAL WORK 

 

The experimental work was carried out in a fully baffled agitated 

vessel with a diameter of 400 mm and a height of 560 mm. The 

vessel was equipped with an ITS P2000 ERT system, where the 

vessel was fitted with four planes of 16 stainless steel ERT 

electrodes designated as P1, P2, P3, and P4 from bottom to top of 

the vessel. Air was fed into the vessel through several nozzle 

spargers located at the vessel’s bottom directly below the 

impeller. Water was used as the continuous phase while air was 

used as the dispersed phase. The experimental rig was also 

equipped with a dissolved oxygen probe connected to a portable 

data logger to determine the oxygen concentration in the water 

with time. 

  The impellers used in this experiment were a 130-mm-

diameter Lightnin A320 aerofoil impeller and a 133-mm-diameter 

radial flow Rushton turbine. The Lightnin A320 is a high flow 

aerofoil impeller for higher viscosity and gas applications while 

the standard Rushton turbine has been accepted in industry as an 

effective impeller for gas–liquid mixing. The diameters of the 

impellers used in this work were within the standard impeller 

diameter to vessel diameter (D/T) ratio of 1/3. The D/T ratios for 

the Lightnin A320 aerofoil impeller and Rushton turbine were 

0.325 and 0.332, respectively. Two parameters were investigated 

in this experimental work, namely the type of impeller and the 

impeller speed. The speed range of the impeller was up to 400 

rpm while the gas-flow rate was between 2 and 8 L/min.  

  The ITS P2000 ERT system is equipped with a real-time data 

acquisition system that has the capability to capture images at up 

to 20 frames per second. The gas dispersion images were 

reconstructed from the electrical conductivity data collected by 

the data acquisition system using built-in image reconstruction 

software. The software used a modified linear back projection 

algorithm for reconstruction of the gas dispersion images. A 

Matlab code was also developed to construct a real-time surface 

plot for gas dispersion from the ERT data. The ERT tomograms 

and the surface plots for various gas dispersion conditions were 

analysed and compared with the physical observations. 

 

 

3.0  RESULTS AND DISCUSSION 

 

The first set of experimental work was carried out to determine 

the imaging capability of the ITS P2000 ERT system for imaging 

various gas dispersion conditions. This part of the investigation 

study was carried out using the standard Rushton turbine. The 

impeller speed and the gas flow rates were adjusted to achieve the 

desired gas dispersion conditions. Selected tomograms from this 

study are presented in Figure 1 together with theoretical images 

for the same gas dispersion conditions [3]. The colours on the 

tomogram represent the mixing conditions of the fluids used in 

the experiment based on the values of their electrical 

conductivities. The red coloured region is the area with the 

highest value of electrical conductivity (0.15 mS/cm), which was 

pure water, while the dark blue coloured region represents the 

area with the lowest value of electrical conductivity (0.09 

mS/cm), where the gas phase was concentrated. Figure 1(a) shows 

that there is a concentration of gas at the centre of the agitated 

vessel that represents the impeller flooding condition, as 

illustrated by the theoretical image in Figure 1(d). The ERT 

tomogram in Figure 1(b) shows that the gas dispersion condition 

improved compared to Figure 1(a); however there is a small area 

in the centre of the upper section of the vessel that is dominated 

by the gas phase, and this is similar to the theoretical transition 

condition, as illustrated in Figure 1(e). The ERT tomogram in 

Figure 1(c) shows a dispersed condition where almost all of the 

area within the agitated vessel was covered with gas bubbles. 

However this tomogram shows that the gas is not quite fully 

dispersed, as illustrated in Figure 1(f), since there are still some 

areas that are not covered by gas, as indicated by the red coloured 

regions. The results of this study show that ITS P2000 

successfully visualized real-time images of various gas dispersion 

conditions inside the agitated vessel. 

 
Table 1  Experimental parameters 

 

Items Specifications 

Agitated vessel Diameter, T = 40 cm, Height, H = 56 cm, H/T = 
1.4 

Baffle plates Baffle plate width, B = 3.8 cm, B/T = 0.1 

Motor  Rotational speed = 0–550 rpm 

Impellers 

Rushton 

turbine 

Di = 13.4 cm, 
Np = 6 

 

 

Lightnin A320 

Di = 12.7 cm, 

Np = 0.64 

 

 

Sparger 
Five nozzles  

Dn = 3.0 mm 

 

 

 

  Further experiments were then carried out to determine the 

dispersion performance of the standard Rushton turbine and the 

Lightnin A320 aerofoil impeller. Table 2 summarizes the 

experimental data including physical observations made during 

each experimental run at a gas flow rate of 8 L/min. The surface 

plots of the gas dispersion conditions plotted using the developed 

Matlab code are also presented in this table.  The surface plots of 
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each set of experimental data are for individual planes of ERT 

electrodes, where, starting from the top left corner, the plots 

represent P1, P2, P3, and P4 in the clockwise direction. The 

surface plots for the standard Rushton turbine show that the 

impeller was flooded. This is consistent with the visual 

observations that were made. The areas represented by the dark 

blue region covered some sections of the vessel, indicating that 

the gas phase was concentrated in certain area, while regions 

coloured dark red  indicate that no gas phase was present. The gas 

dispersion situation was worst for the Lightnin A320 aerofoil 

impeller. The gas was not dispersed well and only concentrated 

randomly around the impeller region. From visual observation it 

was found that the gas phase was highly concentrated around 

plane 3 to plane 4, which implied that the impeller was flooded. In 

addition, the gas phase was concentrated in the upper section of 

the vessel, indicating that little gas was dispersed in the lower 

section of the vessel  
 

   
a. ERT tomogram for 

impeller flooding 

b. ERT tomogram for 

transition condition 

c. ERT tomogram for 

dispersed condition 

 

   
d. Theoretical 

impeller flooding [14] 
e. Theoretical 

transition condition 

[14] 

f. Theoretical fully 
dispersed condition 

[14] 

 

Figure 1  Various gas dispersion conditions 

 

 

  A summary of the experimental results at 400 rpm with a gas 

flow rate of 8 L/min is presented in Table 3. The surface plots 

presented in Table 3 for both impellers show that as the speed of 

the impeller increased to 400 rpm, completely different gas 

dispersion patterns can be clearly observed. For the standard 

Rushton turbine, the surface plots showed that the gas was quite 

well dispersed and spread radially and axially, covering the liquid 

region. This was confirmed by visual observation. There were, 

however, areas that were not covered by the gas phase. Such an 

observation implied that the gas was in dispersed condition but 

yet to reach the fully dispersed condition. The gas dispersion 

condition for the Lightnin A320 aerofoil impeller at 400 rpm was 

visually observed to be better than at 200 rpm, as discussed 

earlier. The impeller was not flooded; however the dispersion of 

the gas phase was only limited to certain regions of the vessel, as 

illustrated by the surface plots. These plots indicate that some 

regions were not covered by the gas phase, as illustrated by the 

dark red colour. This gas dispersion condition reflected a 

transition dispersion condition, as illustrated in Figure 1(e). 

 
Table 2  Summary of experimental results at 200 rpm 

 
Impeller  Impeller 

speed 

Visual 

observation 

Gas dispersion surface plot 

Rushton 200 rpm Flooded 

 

Lightnin 
A320 

200 rpm Flooded 

 

 

 
Table 3  Summary of experimental results at 200 rpm 

 
Impeller  Impeller 

speed 

Visual 

observati

on 

Gas dispersion  

surface plot 

Rushton 400 rpm 
Disperse

d 

 

Lightnin 

A320 
400 rpm Loaded 

 

 

 

  To further determine the performance of the standard 

Rushton turbine and the Lightnin A320 aerofoil impeller, the 

mass transfer coefficients for the two impellers at various speeds 

were plotted in Figure 2. This figure shows that at 100 rpm, where 

both impellers were flooded, the mass transfer coefficients had 

approximately the same value. However, as the impeller speeds 

were further increased, the value of the mass transfer coefficient 

for the standard Rushton turbine was much higher compared to 

that of the Lightnin A320 aerofoil impeller. Higher values of the 

mass transfer coefficient implied a better gas dispersion 

performance of the impeller. 
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Figure 2  Mass transfer coefficient as a function of impeller speed 

 

 

  The results of the ERT visualization as well as the mass 

transfer coefficients showed that the standard Rushton turbine is a 

more efficient impeller for gas–liquid mixing. It is able to disperse 

the gas to almost all of the liquid area, leading to better mass 

transfer between the phases. These attributes are the desired 

features in the processing industry. This conclusion could be 

misleading, however, as it was entirely based on the comparison 

of the impellers’ speeds. Table 1 shows that the impeller power 

number (NP) of the standard Rushton turbine is more than nine 

times higher than that of the Lightnin A320 aerofoil impeller. For 

the same impeller size and at the same impeller speed, the 

standard Rushton turbine would require nine times more power. 

Even though the standard Rushton turbine is able to provide better 

gas dispersion and higher mass transfer, it is at the expense of 

higher power cost. The maximum limit of the impeller speed of 

the experimental rig prevents further experiments using the 

Lightnin A320 aerofoil impeller at higher speeds for additional 

investigation of the performance of this impeller. Further 

inspection of Figure 2 should provide some insight into the 

possible effects of increasing the speeds of the Lightnin A320 

aerofoil impeller on its gas–liquid mixing performance.  Based on 

the data trend shown on this figure, a further increase of the 

impeller speed by a few times to match the power requirements of 

the standard Rushton turbine may not be able to provide the same 

level of mass transfer coefficient, as the impeller may reach the 

limits of its gas dispersion. Considering the overall aspects of gas 

dispersion in the agitated vessel, the use of the standard Rushton 

turbine is more advantageous compared to the Lightnin A320 

aerofoil impeller. 

 

 

4.0  CONCLUSIONS 

 

Various real time gas dispersion conditions were successfully 

visualized using an ERT system, and the ERT tomograms 

matched those of the theoretical gas dispersion conditions in an 

agitated vessel.  The non-invasive and non-intrusive ERT imaging 

system can be used to compare the performances of various 

potential impellers in the process of selecting the optimum 

impeller gas–liquid processing units. The real-time images of the 

interaction between the gas and liquid phases in the vessel provide 

an insight into the fluid dynamics within the processing units. 

Therefore, the ERT can be used as a tool for impeller selection 

and to determine the optimum operating conditions for gas–liquid 

mixing in an agitated vessel. 

  The ERT imaging carried out for gas–liquid mixing in an 

agitated vessel also showed that the standard Rushton turbine is a 

more efficient impeller than the Lightnin A320 aerofoil impeller 

despite having a higher power requirement. This is supported by 

the ERT tomograms, which showed that a better gas dispersion 

can be achieved using the standard Rushton turbine. In addition 

the mass transfer coefficient data trend also supported this 

conclusion. 
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