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Optimization of feedwell design in red mud thickener
based on orthogonal experiment
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Abstract: In order to improve the volume fraction of liquid with solid concentration of 60—70 g/L in the feedwell, a
orthogonal experiment was proposed through a L,s(5%)orthogonal program to investigate the feedwell’s performance
under five different structural factors. Numerical simulation as well as customed criteria was used to conduct the
experiment and evaluate the results. The effects of structure parameters on solid concentration distribution in the feedwell
were analyzed, further more, the range analysis and variance analysis were also used to analyze the experiment results.
The primary and secondary order sequence of the five factors and their significant effects on design index are obtained,
and then, the optimal combination of the feedwell structural parameter was received. The type of the jet pipe is the
primary factor, and the optimal combination of the feedwell structural parameters is diameter of 3 m, depth of 5 m, the jet
pipe diameter dy, d, and ds, respectively, of 0.8, 0.48 and 0.36 m, the annular baftle 0.22 m below the feed pipe, throat
nozzle distance of 0.18 m. Under the optimal condition, the volume fraction of the best solid concentration can be
increased by 4.8 times compared with that of the base case, which significantly improves the efficiency and process of the
thickener.
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Fig. 1 Schematic diagram of red mud thickener: 1—Feed
pipe; 2—Feedwell; 3—Overflow pipe; 4—Tank; 5—Rake

shafe; 6—Underflow pipe
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Fig. 2 Schematic diagram of size of jet pipe
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Table1 Levels for each factor
Factor
Level  Feedwell diameter/m,  Feedwell Jet pipe diameter/m, C Annular baffle to feed Throat nozzle
A depth/m, B d, d, d; tube distance/m, D distance dy/m, E

1 3 4 0.64 0.40 0.28 0.06 0.09
2 3.5 4.5 0.68 0.42 0.30 0.1 0.12
3 4 5 0.72 0.44 0.32 0.14 0.15
4 4.5 5.5 0.76 0.46 0.34 0.18 0.18
5 5 6 0.80 0.48 0.36 0.22 0.21
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Table 2 Orthogonal table and evaluation criteria
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Experimental Factor Evaluation
No. A B C D E criteria ()
1 1 1 1 1 1 0.07
2 1 2 2 2 2 0.06
3 1 3 3 3 3 0.08
4 1 4 4 4 4 0.14
5 1 5 5 5 5 0.15
6 2 1 2 3 4 0.07
7 2 2 3 4 5 0.07
8 2 3 4 5 1 0.11
9 2 4 5 1 2 0.16
10 2 5 1 2 3 0.08
11 3 1 3 5 2 0.07
12 3 2 4 1 3 0.10
13 3 3 5 2 4 0.15
14 3 4 1 3 5 0.01
15 3 5 2 4 1 0.11
16 4 1 4 2 5 0.09
17 4 2 5 3 1 0.11
18 4 3 1 4 2 0.06
19 4 4 2 5 3 0.09
20 4 5 3 1 4 0.06
21 5 1 5 4 3 0.09
22 5 2 1 5 4 0.12
23 5 3 2 1 5 0.08
24 5 4 3 2 1 0.06
25 5 5 4 3 2 0.06
0.14
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Fig. 3 Effect of levels for each factor on evaluation criteria

Factor level
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Fig. 4 CFD model prediction of solid concentration distribution in feedwell: (a) Optimal case; (b) Base case
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Fig. 5 Volume fraction distribution of solid concentration in

feedwell between optimal case and base case
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