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Optimization analysis of lance structure parameters in
oxygen enriched bottom-blown furnace
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Abstract: In order to improve the reaction rate and optimize the lance structure of the bottom-blown furnace, a three-
dimensional gas/liquid two-phase flow model was established by employing numerical simulation method. By applying
the gas holdup, the mean velocity and turbulent kinetic energy of the melt as optimum indexes in bottom-blown furnace,
an orthogonal array was selected as the computational fluid dynamics (CFD) experimental plan and the
multiple-objective optimization of the lance parameters in bottom-blown furnace was studied employing Taguchi design
method. The results show that the optimal parameters of lance were determined by statistical analysis method and the
optimal combination can be achieved with the lance size of 0.06 m, the lance spacing of 0.98 m and the lance angle of
17°. The results of statistical validation show that the optimization method is feasible and the optimization results are
available.
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Fig. 1 Sketch of single lance model in reation zone
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Table 2 Model dimensions and experimental parameters

Furnace Lance Liquid Inlet velocity/
Length/m .
diameter/m diameter/m level/m (m's )
0.35 1 0.06 0.15 2
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Fig. 2 Schematic diagram of experimental set-up for water model: 1—Melting chamber; 2—Computer; 3—Conductivity meter;

4—-Digital temperature measuring instrument; 5—Liquid inlet valve; 6—Probe; 7—Liquid outlet valve; 8,9,10,11,12—Gas inlet;

13—Pressure singnal converter; 14—Recorder; 15—Air line(compressor); 16—Rotameter; 17—Gas inlet valve; 18—Light source;

19—Microcomputer; 20—High-speed camera
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Table 3 Comparison of simulation results with experimental

data
Bubble Diameter/ Frequency/ Ascent velocity/
parameter mm Hz (m-s™")
Experimental
12.21 8 0.150
result
Simulation
13.20 7.5 0.145
result
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Table 4 Levels of each factor

Factor Level 1 Level 2 Level 3
Lance diameter (A)/m 0.03 0.05 0.06
Lance spacing (B)/m 0.98 1.10 1.23
Lance angle (C)/(°) 17 20 22
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Table 5 Orthogonal table and evaluation criteria

Level

Dimensionless
No. Lance Lance Lance integrated index SNR/dB
diameter spacing angle
1 1 1 1 0.920 4 —0.719 7
2 1 2 2 0.7912 —2.0343
3 1 3 3 0.742 0 -2.5917
4 2 1 2 0.852 8 -1.383 1
5 2 2 3 0.722 4 —2.8240
6 2 3 1 0.771 0 —2.2589
7 3 1 3 0.846 0 —1.4522
8 3 2 1 0.946 0 —0.4819
9 3 3 2 0.738 1 —2.6373
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Table 6 Effect of integrated control index on SNR of every

factor
Factor
Level Lance Lance Lance
diameter (A) spacing (B) angle (C)

1 —1.790 —1.200 -1.170
SNR 2 -2.178 —-1.792 —2.036
3 —1.544 —2.520 —2.306
Range 0.634 1.320 1.136

Order 3 1 2

Contribution rate 21% 43% 37%
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