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Fig. 1 Schematic diagram of a top-side combined reactor
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Fig. 2 Structural diagram of a top-side combined reactor
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Fig. 3 Grid independence validation: average velocity in the

slag layer vs. grid number
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Table 1 Physical properties of each phase and initial flow field parameters
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Fig. 5 Schematic diagram of the water model experiment for the top-side combined blowing reactor: (a) Experimental setup;

(b) Physical photograph of the water model of the top-side combined blowing reactor
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Fig. 6 Comparison between water model experimental results and numerical simulation results
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Fig. 7 Quantitative comparison of flow field parameters between single top-blowing and top-side combined blowing conditions
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Multiphase Flow in Oxygen-Enriched Bath Smelting: Numerical

Simulation and Experimental Investigation of a Top Lance Swirl

Generator Coupled with Variable-Angle Side Lances

XU Keting', YANG Guiyan'’, WANG Xubin’, GAO Zelei’, WANG Shibo', WANG Tianjie', TANG Haowen'
(1. School of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China;

2. Jinchuan Group Copper and Precious Metals Co., Ltd., Jinchang 737100, Gansu, China;
3. Nickel Smelting Plant, Jinchuan Group Nickel and Cobalt Co. Ltd., Jinchang 737100, Gansu, China)

Abstract: In response to the challenges posed by rising magnesium oxide (MgO) content in nickel sulfide ores,

which increases melt viscosity and reduces smelting efficiency, as well as the limitations of conventional top-blown

furnaces characterized by poor mixing efficiency and significant melt splashing, this study introduces an innovative

blowing technology. The proposed solution integrates a top lance swirl generator with multiple variable-angle side-

blown lances. This approach fundamentally transforms the traditional single axial momentum input system into a

coupled input mode that combines axial momentum as the primary driver with supplementary radial momentum
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input. This strategic redesign aims to enhance radial momentum transfer within the molten bath, effectively
reduce stirring dead zones, and create a more homogeneous mixing environment while mitigating the problematic
melt splashing typically observed in top-blown operations. To systematically evaluate the proposed technology,
comprehensive mathematical modeling and physical water modeling approaches were implemented. A detailed
computational model of the top-side combined blowing furnace was developed using the Volume of Fluid (VOF)
method to track multiphase interfaces and the standard k-epsilon turbulence model to simulate the complex turbulent
flow field. These numerical simulations generate comprehensive three-dimensional flow field data at various time
intervals, capturing the detailed dynamics of gas-slag-matte three-phase interactions within the smelting bath.
Simultaneously, a physically scaled water model was constructed based on well-established similarity criteria,
and flow visualization experiments were conducted to provide empirical validation of the numerical predictions.
The close agreement between experimental flow patterns and simulation results confirmed the reliability of the
computational model for analyzing complex multiphase flow phenomena in metallurgical systems. Comparative
analysis between the novel combined blowing technology and conventional single top-blowing operations
reveals significant differences in key hydrodynamic parameters under equivalent total gas flow conditions. The
quantitative results demonstrate substantial improvements in the slag layer performance metrics for the combined
blowing configuration: average velocity increases by 107.97%, turbulent kinetic energy rises by 62.10%, and
average gas holdup surges dramatically by 425.54%. However, this enhanced mixing performance comes with an
important trade-off-the wall shear stress increases to 3.26 times that of the conventional top-blowing operation. The
analysis of the flow field structure under the combined blowing regime reveals the formation of a dominant two-
dimensional horizontal flow pattern that contributed to the improved mixing characteristics. The results indicate
that the integrated top-lance-swirl and variable-angle-side-lance technology effectively addresses the limitations of
traditional top-blowing by significantly enhancing bath stirring efficiency and intensifying metallurgical reaction
kinetics. The substantial increase in wall shear stress represents a critical consideration for practical implementation.
Applied research building upon these findings should focus on developing operational strategies, design
modifications, or refractory solutions that mitigate the risks associated with enhanced wall scouring and potential
furnace instability, thereby enabling the benefits of improved mixing to be realized while ensuring operational
reliability and equipment longevity in industrial applications.

Key words: top-side combined blowing; Computational Fluid Dynamics (CFD); process intensification; bath

smelting; multiphase flow
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