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Fig. 1 Model diagram of bottom-blowing furnace for lead

smelting: 1—Lance; 2—Feed opening; 3—Gas vent
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Fig. 2 Model axial diagram of bottom-blowing furnace for

lead smelting: 1—Lance; 2—Feed opening; 3—Gas vent
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Table 1 Material properties

Item Value

Matte density/(kg-m ) 2726.6

Matte viscosity/(kgm s ™) 0.2301

Slag density/(kg'm ) 1993.4

Slag viscosity/(kg'm s 1.464

Gas density/(kg'm ) 1.024
Gas viscosity/(kgm 's™') 535X107°
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Fig. 3 CFD grids of bottom-blowing furnace for lead

smelting
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Table 2 FLUENT setting

Transient
VOF model
Standard k-¢ turbulent model

Solver type

Multi-phase model
Turbulent model
Discretization scheme 1st order upwind

Solver method Standard SIMPLE algorithm
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Table 3 Boundary conditions

Item Value
Enriched air flow rate/(m's™") 70
Outlet pressure/Pa -2000

Wall treatment Standard wall functions
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Fig. 4 Bubble shapes of numerical calculation and water
model experiment: (a) Numerical results at outlet of lance; (b)
Experimental results at outlet of lance!'"); (c) Numerical results

in bath; (d) Experimental results in bath('"?
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Table 4 Comparison of Simulation results with literature data

Result d,/d,
Simulation 6.5
Literature 6.7t
Error/% 2.99

d,: Bubble diameter; d>: Lance diameter
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Fig. 5 Contours of slag volume fraction at different axial positions when =19.42 s: (a) Z=5.926 m; (b) X=0 m
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Fig. 6 Contour of 0.5 slag volume fraction at different time steps: (a) =0.26 s; (b) t=0.64 s; (c) =1.02 s; (d) =1.82 s; (¢) =2.22 s;

(f) =4.30 s; () £=5.04 s; (h) =9.09 s; (i) ~=16.40 s; (j) =19.42 s
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Fig. 7 Interface deformation between gas and liquid phase
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Fig. 8 Velocity distributions in Z cross-section: (a) Z=10.788 m; (b) Z=8.826 m; (c) Z=7.176 m; (d) Z=5.926 m; (e) Z=4.676 m; (f)
Z=1.288 m
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Fig. 9 Velocity distributions in X cross-section: (a) X=—0.4 m; (b) X=0 m; (c) X=0.65 m
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Fig. 10 Velocity distributions in Y cross-section: (a) Y=1.2 m; (b) ¥=0.4 m; (¢) Y=-0.1 m; (d) Y=—0.9 m
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Numerical simulation of multiphase flow in
bottom-blowing furnace for lead smelting

ZHANG Hong-liang, TANG Zhuo, CHEN Yong-ming, YE Long-gang

(School of Metallurgy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Based on the material properties of furnace slag phase and metal phase, a mathematical model for the actual
system of bottom-blowing lead smelting furnace was built by computational fluid dynamics software FLUENT.
Three-phase VOF model and standard k-¢ turbulence model were applied to simulate the gas-slag-metal phase flow
process in the furnace. Phase interface structure, velocity distribution and streamline distribution were obtained by this
model. Strong stirring and vortex slag layer were found in the upper area of the tuyere which benefits chemical reactions.
The proposed model that simulates the multi-phase flow in the furnace is significant for furnace structure and
operating conditions optimization. The analysis of flow patterns under different conditions can effectively guide the
improvement of bottom blowing furnace working conditions. In the optimization of inlet velocity and lance inclination
angle, it is found that increasing inlet velocity can improve the melting efficiency, and the best lance inclination range
is from 5° to 7°.

Key words: bottom blowing furnace; multiphase flow; FLUENT; structure optimization
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