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Industrial Context ° Coupled Electro-Thermal Model Validation
Submerged-arc furnaces (SAFs) producing ferromanganese (FeMn) draw very high currents of 100-150 Steady-state, axisymmetric (5° wedge). The electric potential ¢ and temperature T are coupled through Cross-validation against a reference Fluent case and against industrial thermocouple campaigns (TC at
KA through three Sgderberg electrodes, dissipating 30-80 MW per furnace into the reduction reactions that o(T) and the volumetric Joule source. r = 0.93 m, multiple campaigns).
convert Mn-rich ores into alloys for steelmaking. OpenFOAM ANSYS Fluent
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The Saderberg Electrode

Validation of soderbergFoam against ANSYS Fluent for Sgderberg electrode baking. Each panel shows liquid
fraction (left half) and temperature (right half); the paste-to-carbon transition front is captured at the same

Self-baking electrodes are continuously consumed at the tip and re-formed at the top: green paste is | axial position by both solvers.
poured cold into a sheet-steel casing fitted with internal steel fins, then progressively heated by Joule and
induction effects as it descends, passing through softening, pyrolysis and finally graphitisation before being . soderber idati inst i i i
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consumed at the arc. OpenFOAM Implementation
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? > Release the solver publicly to support OpenFOAM work in electrometallurgy.

ARC : current injection
T=2000K:]=-47967 Afm* (= 136 kA full revolution)

Materials (cellZones):

| paste |:| mixed compound - casing (steel) - clamps (Cu)

Mesh & BC : four cellZones (paste, mixed compound, casing, clamps), ~21 000 hex cells. Inlet (top), arc outlet
(bottom), 5 outer-wall Robin BCs.
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