





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

Figure 18 - Effect of dust inlet concentration on fully coupled model at various times. Dust concentration field at left, scale 0 (grey) to cq (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

deflection is a transient phenomenon, but is observed to The time dependence of the peak temperature, peak

occur more frequently during the high-concentration case. A velocity, arc voltage, and dust flux at the bath surface for the
possible explanation for this behaviour is that as the dust different dust inlet concentration cases is shown in Figure 19.
concentration increases, it forms a physical and thermal It can be seen - especially in the arc voltage and dust flux
barrier for the arc plasma due to the two-way coupling in the graphs - that increasing the dust inlet concentration produces
model. This results in the arc seeking the path of least greater fluctuations relative to the mean value in the fully
resistance, deflecting away from the ‘cold wall’ that the coupled model over the course of the 100 ms simulation
falling column of dust represents. period. This indicates that more extreme and violent changes
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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.

Acknowledgements

This work is published by permission of Mintek. Interactions
with personnel and facilities at the CSIR/Meraka Institute

The Journal of The Southern African Institute of Mining and Metallurgy

Center for High Performance Computing and the CSIR
Aeronautic Systems Group during the development phase of
this work were useful and are greatly appreciated.

References

BouLos, M.I., FAucHaAIs, P., and PreNDER, E. 1994. Thermal Plasmas -
Fundamentals and Applications, vol. 1. Plenum Press, New York.

BowmaN, B. 1994. Properties of arcs in DC furnaces. Proceedings of the 52nd
Electric Furnace Conference, Nashville, TN, 13-16 November 1994. pp.
111-120.

CHESLAK, F.R., NicHOLLs, ].A., and SicHEL, M. 1969. Cavities formed on liquid
surfaces by impinging gaseous jets. Journal of Fluid Mechanics, vol. 36,
no. 1. pp. 55-3.

DE JonG, A. and MitcHELL, D. 2010. New TiO2 slag plant for CYMCO using
30MW DC furnace. Proceedings of the 12th International Ferroalloys
Congress, Helsinki, Finland. 6-9 June 2010. pp. 749-757.

EINSTEIN, A. 1905. Uber die von der molekularkinetischen Theorie der Warme
geforderte Bewegung von in ruhenden Fliissigkeiten suspendierten
Teilchen. Annalen der Physik (in German), vol. 322, no. 8. pp. 549-560

GCC 2014. http://gec.gnu.orgl [Accessed April 2014].

GELDENHUYS, L]. and Jongs, R.T. 2009. Four years of DC arc smelting of PGM-
containing oxide feed materials at Mintek. Pyrometallurgy of Cobalt and
Nickel 2009. Proceedings of the 48th Annual Conference of Metallurgists
at CIM, Sudbury, Ontario, 23-26 August 2009. pp. 415-427.

GMsH. 2014. http://geuz.org/gmsh/ [Accessed April 2014].

GUEZENNEC, A.G., HUBER, ].C., PaTIssoN, F., SEssiEcg, P., BIRAT, ].P., and ABLITZER,
D. 2005. Dust formation in electric arc furnace: birth of the particles.
Powder Technology, vol. 157, no. 1-3. pp. 2-11.

HAGER, A., Kross, C., PIRKER, S., and Gontva, C. 2013. On the formation of blast
furnace raceways - a combined experimental and open source CFD-DEM
investigation. Proceedings of MEI Computational Modelling ‘13, Falmouth,
UK, 18-19 June 2013.

Jones, R.T. and Curr, T.R. 2006. Pyrometallurgy at Mintek. Proceedings of
Southern Afiican Pyrometallurgy 2006, Johannesburg, South Africa, 5-8
March 2006. pp. 127-150.

LamB, H. 1932. Hydrodynamics. 6th edn. Cambridge University Press.
OPENFOAM. 2014. http.//www.openfoam.org [Accessed April 2014].
PARAVIEW. 2014. Attp.//www.paraview.orgl [Accessed April 2014].

Ranz, W.E., TALANDIS, G.R., and GUTTERMAN, B. 1960. Mechanics of particle
bounce. AICKE Journal, vol. 6, no. 1. pp. 124-127.

RAVARY, B. and GRADAHL, S. 2010. Improving environment in the tapping area
of a ferromanganese furnace. Proceedings of the 12th International
Ferroallgys Congress, Helsinki, Finland, 6-9 June 2010, pp. 99-107.

REyNoLDS, Q.G., JonEs, R.T., and Reppy, B.D. 2010. Mathematical and computa-
tional modelling of the dynamic behaviour of direct-current plasma arcs.
Proceedings of the 12th International Ferroallgys Congress, Helsinki,
Finland, 6-9 June 2010. pp. 789-801.

RUGHUBIR, N. and BESSINGER, D. 2007. Furnace dust from Exxaro Sands KZN.
Proceedings of the 6th International Heavy Minerals Conference: ‘Back To
Basics’, Hluhluwe, South Africa, 9-14 September 2007. pp. 43-48.

Sass-TisovskavA, M. 2009. Plasma Arc Welding Simulation with OpenFOAM.
Licentiate Thesis, Department of Applied Mechanics, Chalmers University.

SMAGORINSKY, J. 1963. General circulation experiments with the primitive
equations 1. The basic experiment. Monthly Weather Review, vol. 91, no.
3. pp. 99-164.

SZEKELY, J., MCKELLIGET, ]., and CHOUDHARY, M. 1983. Heat-transfer fluid flow
and bath circulation in electric-arc furnaces and DC plasma furnaces.
Ironmaking and Steelmaking, vol. 10, no. 4. pp. 169-179. 4

VOLUME 115 MAY 2015 1407 4





