














 
 
 

Figure 3. Axial flow streamlines in the precipitator.  
 (A) Batch design. (B) Continuous design. 

 
4.2 Draft Tube Flow Pattern and Slot Interactions 
 
Figure 4 shows the quantitative flow interaction between the draft tube region and annular 
region of the batch precipitator model through slots. The batch model does show some 
fluctuations in flow uniformity inside the draft tube and the downflow inside the draft tube will 
not be as uniform as constant source model with respect to cross sectional area of the draft tube. 
The moment the momentum reaches the top portion of the slots (0 - 20% slot height (SH)) from 
the impeller, there is a considerable suction from the annular region to the draft tube region 
(Figure 4A).  
 
About + 1.03 m3/s of induced flow rate is observed in the top portion of the slots (0 – 20 % 
SH). Similarly, + 0.734 m3/s of induced flow rate is observed in the 21 – 40 % of SH portion of 
the slots (Figure 6A). Nil draft tube suction is found in the remaining portion of the slots (SH < 
20 %). However, - 0.58, - 0.90 and - 0.115 m3/s of out flow is evident for SH (21 – 40 %), SH 
(41 – 95 %) and SH (96 – 100 %) respectively from the draft tube region to the annular region 
of the batch model (Figure 4B). Generally, slots play an important role during start-up after 
shutdown of the tank to allow erosion of the settled solids through slots (Lane. 2006; Howk and 
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Giralico. 2008) [7,17]. It is important to understand that the slots really afford a flow 
communication to equalize the pressure inside and outside the draft tube to prevent its collapse 
from inward forces [10].  
 
The impeller rotation creates the low pressure zone inside the draft tube and this region is 
stretched vertically above and below the impeller zone. This creates more inflow in the batch 
model than that of the constant source model. The batch model allows to have + 1.77 m3/s of 
inflow (Figure 4A) and - 1.59 m3/s of out flow (Figure 4B) and the overall draft tube pumping 
capability at the bottom of the tank slightly increases to 18.77 m3/s. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Slot flow interactions in the batch precipitator design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Slot flow interactions in the continuous precipitator design. 
 
Figure 5 shows the quantitative flow interaction between the draft tube region and annular 
region of the continuous precipitator model through slots. Almost, + 0.66, + 1.16, + 0.238 and + 
0.002 m3/s of inflow is evident for SH (0 – 20 %), SH (21 – 40 %), SH (41 – 95 %) and SH (96 
– 100 %) respectively from the annular region to the draft tube region of the continuous model 
(Figure 5A). 
 
 Nil draft tube out flow is found in the slot height portion, 41 – 95 % SH. About - 0.034, - 0.001 
and - 0.002 m3/s of out flow is evident for SH (0 – 20 %), SH (21 – 40 %) and SH (96 – 100 %) 
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respectively from the draft tube region to the annular region of the batch model (Figure 5B). 
The continuous model creates more inflow than that of the batch model. The continuous model 
allows to have + 2.06 m3/s of inflow (Figure 5A) and - 0.037 m3/s of out flow (Figure 5B), and 
the overall draft tube pumping capability at the bottom of the tank increases to 20.62 m3/s. In 
the continuous model, a distinct swirl flow pattern in generated in the annular region of the tank 
due to the presence of inlet and outlet launder (Figure 3B). The tangential swirl pushes the flow 
from the periphery of the annular region towards the core region of the precipitator tank. This 
swirl in the continuous model could probably be responsible for an increase in the overall 
inflow by 25 % compared to the batch model. 
 
4.3 Particle Suspension 
 
Solid-liquid mixing and suspension is an expensive operation in process industries. The 
qualitative and quantitative character of the flow pattern especially in the bottom of the mixing 
tanks is very important to assess the level of suspension or settling for the particular solid-liquid 
operation. 
 

 
Figure 6. Solid settling in the batch vs. continuous precipitator design. 

 
 Figures 6A and 6B show the number of particles both in the batch and continuous tank from the 
bottom of the tank to 63% of the height of the tank. It is evident that more particles are observed 
for the height greater than 83% towards the bottom of the tank for the continuous setup. 
However, in the case of the batch setup, the number of particles greater than 83% height is 
found to be less than that of the continuous setup. The work of Ayranci et al. (2012), concluded 
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that complete off bottom suspension is critical close to the bottom of the tank, and that solid 
suspension is dependent upon the combination of mean flow and turbulent eddies, and 
emphasized that complete off-bottom suspension cannot be achieved without both mean and 
turbulent flow patterns, and that the balance between the mean flow and turbulent flow is 
equally important for solid suspension [18]. As inferred from velocity vectors and velocity 
streamlines, the batch design exhibits a non-swirl flow pattern at the bottom of the tank whereas 
the continuous design exhibits a swirl flow pattern in the annular region.  
 

 

 
Figure 7. Mean and turbulence near the bottom surface of the batch precipitator design. 

(A) Dimensionless mean radial velocity. (B) Dimensionless turbulent kinetic energy. 
 
Figure 7 shows the dimensionless radial velocity profiles near the tank bottom that is at the 95% 
tank height for the batch case. It shows the magnitude of radial velocity is about 1 to 3% 
maximum of the impeller tip speed near the tank bottom (Figure 7A). Also, the dimensionless 
turbulent kinetic profiles near the tank bottom at the same location is about 0.3% maximum to 
that of the square of the impeller tip speed (Figure 7B). Similarly, Figure 8 shows the 
dimensionless radial velocity profiles near the tank bottom that is at 95% tank height for the 
continuous case. It shows the magnitude of radial velocity is about 5 to 15 % maximum of the 
impeller tip speed near the tank bottom (Fig 8A). Also, the dimensionless turbulent kinetic 
profiles near the tank bottom at the same location are only 0.012% maximum to that of the 
square of the impeller tip speed (Fig 8B). 
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Figure 12. Mean and turbulence near the bottom of the continuous precipitator design. 

(A) Dimensionless mean radial velocity. (B) Dimensionless turbulent kinetic energy. 
 
This clearly shows that the batch design exhibits a higher level of turbulent kinetic energy at the 
bottom of the tank than the continuous design. In the work of Ayranci et al. [18], the aspect ratio 
of the stirred tank is 1 whereas in the present work the aspect ratio is greater than 2 and is a draft 
tube agitated tank [18]. Due to slot interactions and distance between the tank bottom and 
impeller source, the final momentum reaching the bottom of the tank will be several magnitudes 
less than that of the smaller aspect ratio tanks. It can be concluded that solid suspension at the 
tank bottom needs only 3% maximum of radial mean velocity to that of impeller tip speed and 
more turbulent kinetic energy for the larger aspect ratio tanks.  
 
5. Conclusions 
 
The batch design predicts a non-swirl upflow overall pattern in the annular region of the tank, 
whereas the continuous design predicts a swirl upflow pattern in the same region. The draft tube 
slots play an important role in the total pumping capability of the draft tube at the tank bottom. 
The non-swirl flow pattern observed in the batch design produces more homogeneous flow in 
the draft tube and annular region. The optimum draft tube pumping rate is sufficient for the 
solid suspension in the taller aspect ratio tanks. It is important to have an optimum type of flow 
pattern (mean velocity and turbulent kinetic energy) in the tank bottom to reduce settling in 
alumina precipitators. The industry scale continuous draft tube precipitators must be designed in 
such a way that the flow in the annular region is non-swirl upward flow. 
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