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OPTIMIZATION OF METALLURGICAL
REACTORS USING MODELING

Because of the tremendous cost of pilot-plant-
scale metal industrial trials, previous attempts to
develop new metallurgical processes have generally
relied on scaling up small bench-scale experiments.
Because of the lack of true understanding of the rate
constants, mixing phenomena, and geometric effects
that control the success of the real process, many
previous pilot-plant operations have been unsuc-
cessful. Water modeling and mathematical model-
ing instead have become the main approaches to
optimize the metallurgical reactors. To achieve
success, the model must accurately predict the
phenomena of true interest, including the following:

– Multiphase and turbulent fluid flow within each
vessel in the process, incorporating the effects of
gas stirring and including transient variations,
which are the main source of variability in the
product

– Mixing phenomena in each vessel, including
solidification, heating, and remelting of a metal
layer around alloy particle additions, which
directly controls the success of alloying, and is
important to other reactions as well

– Heat-transfer phenomena, including temperature
drops between each vessel

– Evolution of composition during each vessel,
including the thermodynamics and kinetics of
the reactions between the molten metal and
interfaces with the top slag and bubble surfaces,
coupled with fluid flow and mixing phenomena

– Effects of the true three-dimensional features of
the vessel shape (including location of inlet and
outlet launder), gas injection location and flow

rates, and other operating conditions on the above
phenomena

Extensive past work has employed physical water
models to successfully investigate fluid flow phe-
nomena in metallurgical processes such as the steel
refining and casting process1–5 and the aluminum
remelting process.6–10 The first water modeling for
the fluid flow in a continuous casting mold study
was carried out by Afanas’Eva et al.11 for a straight
bore nozzle system. Physical water models can
model single-phase fluid flow because of the simu-
lation of kinematic viscosity of steel and water.
However, it is hard to use water modeling to simu-
late the solidification of molten metals.

With the tremendous increases in the power of
computer hardware and modeling software, com-
putational modeling offers a better design tool for
creating new processes. Numerical simulation has
the potential to quantify the phenomena taking
place in a commercial-scale process before it is
constructed. Mathematical models can yield added
insight into flow phenomena. Computational models
based on finite-volume or finite-element solution of
the Navier–Stokes equations can include phenom-
ena such as heat transfer, multiphase flow, and
solidification in steel casting without the inaccura-
cies inherent in a water model. Extensive research
focused on the design of the metallurgical reactors
using mathematical modeling such as for molten
steel system2,12–22 and molten aluminum system.6,23

THE CURRENT JOM TOPIC

The current JOM topic addresses the optimiza-
tion of metallurgical reactors, such as smelting,
refining, and casting furnaces for steel and alumi-
num, using mathematical and physical modeling to
simulate the fluid flow, heat transfer, mass transfer,
and solidification. Thirteen papers were collected for
this topic. Li et al.24 studied electroslag remelting of
a die steel ingot using mathematical modeling.
Meng et al.25 calculated the macrosegregation in a
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water-cooled flat ingot. Zhang et al.26 simulated the
solidification of Fe-Ni–based ingot under a vacuum
condition. Liu et al.27 studied the transient flow and
inclusion motion in a continuous-casting mold using
large eddy simulation. Zhang et al.28 studied char-
acteristics of the fluid flows in a self-stirring reactor
using both physical and mathematical modeling.
Liu et al.29 also applied both physical and mathe-
matical models for the aluminum reduction cell. Li
et al.30 numerically simulated the mixing process of
alumina with a multicomponent flow model coupled
electromagnetic forces in aluminum reduction cells.
Zhao et al.31 calculated the multiphase flow in a
mechanically agitated tank. Zhang and Li32 inves-
tigated the fluid flow and mixing phenomena in an
RH degasser using water modeling. Guo et al.33

optimized the burner nozzles in a hot blast stove
using mathematical modeling. Wang et al.34

numerically simulated the thermal process in W-
shape radiant tube burners. Wu et al.35 performed
three-dimensional numerical analysis on the effect
of the gas distribution on the characteristics inside a
COREX shaft furnace. Chen et al.36 studied the
tuning of the planar-flow melt-spinning process.
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