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Numerical simulation of gas-liquid multi-phase flows in
oxygen enriched bottom-blown furnace
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Abstract: The oxygen-copper matte flow, which covers bubble parameters, gas holdup distribution, inlet pressure
variations and the fluid level fluctuation, was investigated by three-dimensional transient simulation in a bottom-blown
bath smelting furnace, prototype of which is oxygen enriched bottom-blown furnace from some company. The formation,
coalescence, deformation and breakage of bubble were captured using a high speed camera system in a water model, and
the overall features of the bubble dynamic simulation were compared well with our experimental observations, as verified
the accuracy and availability of this model. The results show that the continuous bubble formation time is 0.12—0.25 s and
the bubble formation frequency is 4—5 Hz, the average rising velocity for the bubble is 4 m/s, and the bubble residence
time ranges from 0.2 to 0.4 s. The sizes of bubbles forming in melt are about 3.5—6.5 times as that of the size of lance.
The average frequency of phenomena of bubble back-attack occurs at 7° and 22°, the lance outlet is 5 Hz and 7 Hz,
respectively, and the work time is 0.06 s. The gas phase mainly centers on the upper of the bath, so it is likely that high
efficiency reaction core model is on upper of the copper matte. The amplitude which is very small at the slag hole nearby
decays rapidly on side of settling zone as a result of the viscous dissipation caused by the high viscosity of smelt.
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Fig. 1 Sketch diagram of bottom-blown furnace and lance
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Table 1 Parameters of copper-matte
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Density/ .., Viscosity/ . ..
(kem ) heat capacity/ (Pas) tension/  conductivity/

£ (kg K (Nm)  (Wm K
4 440 620 0.004 0.33 8.9
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Table 2 Model dimensions and experimental parameters

Inlet
Furnace  Length/ Lance Liquid e.
. . velocity/
diameter/m m diameter/m  level/m o
(m's )
0.35 1 0.06 0.15 2
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Fig. 2 Comparison of simulation results((a;), (a,), (by), (by), (c1), (c2), (d1), (d2)) with experimental data((a';), (a’,), (b"y), (b%), (c'),
(), (d')), (d)) after air injection: (a,), (a')), (a2), (a’y) Growth and departure of bubble; (b,), (b)), (by), (b’;) Bubble deformation;
(c1), (¢'1), (¢2), (¢"2) Bubble fusion; (dy), (d"1), (dy), (d'2) Bubble collapse
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Fig. 3 Variation laws of bubble formation time, bubble

residence time and bubble short axis size in smelting process:

(a) Residence time; (b) Bubble formation time; (c) Size of

bubble short axis
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Fig. 4 Variation of gas holdup with height and time:

(a) Average gas holdup of copper matte zone and melt pool;
(b) Average gas holdup of copper matte zone; (c) Average gas

holdup of melt
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Fig. 5 Variation of pressure with time at lance inlet:
(a) Pressure near exit of 7° oxygen lance; (b) Pressure near exit

of 22° oxygen lance
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(b) Attenuation of wave during propagation
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AT i AR ) EIs B R B e se A AL e Rg,
A DA R K BT 20 65.14, 1175, 3.97.
3.18+ 2.46 1 0.09 mm, AT LUE HYTTE D% e
BoBaFWIE 70)Frs. Hrpb X J7m s E 6 Ak
PR A

M 7(b)rT UG, SEIT A X — /N B R By
W, IR EEIRAR R . 7F A X=8.587 m( 4 S)kk, g
K, H=65.24 mm; 24 X=11.187 m(s5 7), H=3.97 mm;
P2 AR 22 2.6 m, £ 7 ARIRZI A 55 5 A i
1/16, IXZFA L 5~7 e TAEMMBid-iee N, H
(AR SRR REHCR BN, 7R FRMEAE ) Nl Py
EEAWT K i I B Re e A 7 I BB Re, Btk
PR 52 B B U S R L R, D
MEREPRAR L . A 8~10 P EM X B, Wik ikt
Vs e S| i o < 40 A1 P P N W B 2
LA P22, MBI AR AR AR 2 v BT,
B .

5 Z5ig

1) S5 P A 20 1) 4 5 BOE BT 43 21 1) 45
s 8, PIAE R VOF R RV —4 <P AH I
BT

2) FEH F ARSI AR N TR R 0.12~0.25
s Z [0, “HAEIEI N I VIS TR 0.25~0.4 s 22 1],
AT N T BSR4 m/s Aidy . IR
ALK 5 He,

3) AR B I B AE A B SR
FER I SRR, st R 1 i U N X A A T4
Ml b
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4) 7oA 22°% e H R FEEL SR DL P 2

ML Hy 5 Hz A1 7 Hz, AR N 0.06 5.

5) WAEAEARNIERE PR L AR, 20

PR 2 1 I I, R Tl
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