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Fig.1 Bottom-blowing bath hydraulics model
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Fig. 2 Schematic diagram of bottom-blown bath experiment

device: 1—Bottom-blown bath smelting furnace; 2—Lance;
3—Gas vent; 4—Feed opening; 5S—PVC Transparent hose; 6—
Copper export; 7—Glass rotameter; 8—High speed camera;
9—Power supply; 10—Computer; 11—Electromagnetic small

air compressor
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Table 1 Orthogonal experimental factors level configuration

Level Lance Lance Lance row
inclination/(°) number number
A 0 1 1
A, 0 2 1
A 0 3 1
B, 7 1 1
B, 7 2 1
B; 7 3 1
C 14 1 1
C, 14 2 1
C; 14 3 1
D, 7-7 2 2
D, 7-7 4 2
Ds 14-14 2 2
D, 14-14 4 2
E, 0-7 2 2
E, 0-7 4 2
Es 0-14 2 2
E,4 0-14 4 2
Es 7-14 2 2
Es 7-14 4 2
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Fig. 3 Image processing steps: (a), (b) Experimental image; (c), (d) Binarization images; (e), (f) Betti numerical time sequence
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Fig. 4 Zeroth Betti numbers’ time series of single row lance under different working conditions: (a) Lance angle of 0° (1); (b)
Lance angle of 7° (1); (c) Lance angle of 14° (1); (d) Lance angle of 0° (2); (e) Lance angle of 7° (2); (f) Lance angle of 14° (2); (g)
Lance angle of 0° (3); (h) Lance angle of 7° (3); (i) Lance angle of 14° (3). (Number of lances are shown in brackets)
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Table 2 Zeroth Betti numbers’ average and amplitude of

single row lance under different working conditions

Lance 1 lance 2 lances 3 lances
angle/(°) g 4 B 4 By A
0 113 148 96 254 73 205
7 144 299 93 217 131 133
14 231 351 82 356 68 187
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Fig. 5 Zeroth Betti numbers’ average changes of single row
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lance under different working conditions
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Fig. 6 Zeroth Betti numbers’ amplitude changes of single row

lance under different working conditions
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Fig. 7 Zeroth Betti numbers’ time series of double rows lance under symmetrical arrangement way: (a) Lance angle of 7°=7° (1-1);

(b) Lance angle of 14°-14° (1-1); (c¢) Lance angle of 7°=7° (2-2); (d) Lance angle of 14°-14° (2-2). (1-1 means one row of two

lances injecting; 2-2 means two rows of four lances injecting)
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Fig. 8 Zeroth Betti numbers’ time series of double rows lance under asymmetric arrangement way: (a) Lance angle of 0°=7° (1-1);

(b) Lance angle of 0°—14° (1-1); (c) Lance angle of 7°—14° (1-1); (d) Lance angle of 0°—7° (2-2); (e) Lance angle of 0°—14° (2-2); (f)

Lance angle of 7°—14° (2-2)
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Table 3 Zeroth Betti numbers’ average and amplitude of

double rows lance under different working conditions

Lance 2 lances (1-1) 4 lances (2-2)
angle/(°) By A By A
7-7 82 191 146 252
14-14 113 192 158 260
0-7 166 304 149 263
0-14 162 231 169 290
7-14 168 236 166 255
180
—=—2 lances
—e—4 lances
160
g 140t
O
g
j=]
; 120}
53
m
100
80+

7-7 14-14 0-7 0-14 7-14
Lance angle/(°)

El9 WHFEREAFE LI T 0 4 Betti BI5EA L

Fig. 9 Zeroth Betti numbers’ average changes of double rows

lance under different working conditions
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Fig. 10 Zeroth Betti numbers’ amplitude changes of double

rows lance under different working conditions
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Fig. 11 First Betti numbers’ time series of single row lance under different working conditions: (a) Lance angle of 0° (1); (b) Lance
angle of 0° (2); (c) Lance angle of 0° (3); (d) Lance angle of 7° (1); (e) Lance angle of 7° (2); (f) Lance angle of 7° (3); (g) Lance
angle of 14° (1); (h) Lance angle of 14° (2); (i) Lance angle of 14° (3). (Number of lances are shown in brackets)
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Table 4 First Betti numbers’ several characteristic values of single row lance under different working conditions

Lance 1 lance 2 lances 3 lances

angle/(°) B Tls N B T/s N B T/s N

0 188 1.88 59 221 1.46 37 164 1.42 49

7 422 11.72 13 204 1.82 33 215 6.6 41

14 455 4.26 28 237 1.40 25 230 134 37
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lance under different working conditions
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Fig. 15 First Betti numbers’ time series of double rows lance under symmetrical arrangement way:
(a) Lance angle of 7°—7° (1-1); (b) Lance angle of 14°—14° (1-1); (c) Lance angle of 7°=7° (2-2); (d) Lance angle of 14°—14° (2-2)
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Fig. 16 First Betti numbers’ time series of double rows lance under asymmetric arrangement way: (a) Lance angle of 0°=7° (1-1);
(b) Lance angle of 0°—14° (1-1); (c) Lance angle of 7°—14° (1-1); (d) Lance angle of 0°=7° (2-2); (e) Lance angle of 0°—14° (2-2); (f)
Lance angle of 7°—14° (2-2)
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MOYANO A. Numerical and experimental investigation of
3 éﬁi’e the fluid dynamics in a Teniente type copper converter[J].
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Quantitative evaluation of enhanced stirring effect of
oscillatory gas jet caused by oxygen lance arrangement in
bottom blown bath

LI Peng' 2, WANG Shi-bo"?, WANG Hua" %, ZHANG Wen-hai’

(1. State Key Laboratory of Complex Nonferrous Metal Resources Clean Utilization,
Kunming University of Science and Technology, Kunming 650093, China;
2. Faculty of Metallurgical and Energy Engineering,
Kunming University of Science and Technology, Kunming 650093, China;
3. China Nerin Engineering Co., Ltd., Nanchang 330002, China)

Abstract: In order to clarify the enhanced stirring mechanism of oscillatory gas jet in bottom-blown bath, a new way
based on Betti numbers to quantitatively characterize the enhanced stirring effect was proposed. The optimization scheme
of oxygen lance arrangement in bottom blowing furnace was confirmed by the evaluation standard of Betti numbers.
Firstly, based on the orthogonal experiment theory, the multi-level factor water model experiment was designed. Secondly,
the continuous images of the evolution process of the gas-water flow state in 19 sets of water model vessels were
captured by camera equipment, and Betti numbers of continuous flow images were obtained by image processing
technique. Finally, the differential characterization of the stirring effect of the oscillatory gas jet under different working
conditions was realized through the distribution regularities of Betti numbers. The results show that, in the single row
oxygen lance arrangement mode, from the range of 0 © to 14 °, the larger the angle of oxygen lance is, the more bubbles
the jet produces, and the bubble distribution is also more uniform. Under the arrangement mode of double row oxygen
lance, the stirring effect of oscillatory gas jet with asymmetric injection is obviously better, and the characteristic values
of 0 ° and 7 ° inclination angle are more ideal.

Key words: bottom-blowing bath; jet oscillation; reinforce stirring; image processing; lance arrangement
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