




Interaction of dust with the DC plasma arc – a computational modelling investigation

deflection is a transient phenomenon, but is observed to
occur more frequently during the high-concentration case. A
possible explanation for this behaviour is that as the dust
concentration increases, it forms a physical and thermal
barrier for the arc plasma due to the two-way coupling in the
model. This results in the arc seeking the path of least
resistance, deflecting away from the ‘cold wall’ that the
falling column of dust represents.

The time dependence of the peak temperature, peak
velocity, arc voltage, and dust flux at the bath surface for the
different dust inlet concentration cases is shown in Figure 19.

It can be seen – especially in the arc voltage and dust flux
graphs – that increasing the dust inlet concentration produces
greater fluctuations relative to the mean value in the fully
coupled model over the course of the 100 ms simulation
period. This indicates that more extreme and violent changes
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Figure 18 – Effect of dust inlet concentration on fully coupled model at various times. Dust concentration field at left, scale 0 (grey) to c0 (black).
Temperature field at right, scale 3000 (blue) to 15000 (red) K.

Figure 19 – Graphs of field variable values as functions of time for different dust inlet concentrations



are occurring in the morphology of the fields that define the
plasma arc. Together with the deflection behaviour observed,
this would suggest that furnaces operating with high dust
concentrations in the freeboard gas are likely to exhibit
somewhat more instability and possibly even difficulties with
arc extinction.

It is interesting to note that while both the average and
peak arc voltages predicted by the high-concentration case
are somewhat higher than those of the low-concentration
case, it is a weakness of the present model that the effect is
smaller than might be expected. From observations of real
furnaces, the introduction of feed (together with dust) into
the freeboard generally results in a significant increase in the
resistance of the arc by both cooling of the plasma and
increased turbulent flow.

Conclusions
Development of a continuum model for dust transport in the
arc region of DC plasma arc furnaces was largely effective.
The coupling between the governing equations of the plasma
arc and the dust concentration field was developed in detail
for cases of one-way and two-way coupling. The solvers were
successfully implemented using the OpenFOAM finite volume
method framework, and parallelized for distributed
calculation on high-performance computing facilities.

The partially decoupled model was used to study the
impact of a wide range of operational and material
parameters on quantitative and qualitative aspects of the
behaviour of the dust field. Dust particle properties in
particular were seen to have a significant effect on the distri-
bution of the dust through the arc region, as well as the
quantity of dust bypassed relative to that captured by the
bath surface. Location of the feed inlet was also seen to have
a substantial impact on the dust circulation, with inlets
located close to the electrode resulting in substantially
improved capture of dust by the molten bath surface.

A brief examination of the effect of the dust on the arc
via full coupling between the dust concentration field and the
energy and momentum equations demonstrated that the
presence of dust in the plasma gas could cause increased arc
instability. Higher dust concentrations were seen to
exacerbate this effect in the model results.

Much work remains to be conducted in this area.
Extension of the coupling models to include separate
temperature and velocity fields for the dust would improve
the accuracy of the calculations. Inclusion of some form of
empirical turbulence modelling (either Reynolds-averaged or
large eddy simulation variants) would be valuable for scaling
the simulations to larger, industrial-scale furnaces.
Combining the DC plasma arc and dust models with a free-
surface multiphase flow model to more accurately calculate
the shape of the bath surface below the arc would also be of
interest, in order to examine the role that the dynamics of the
arc cavity plays in dust dispersal and capture. Experimental
study by injecting dust into the vicinity of an operating arc
would also be of great value in proving or disproving the
hypotheses arising from the model results.
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