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3D simulation of electron beam melting
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The electron beam (EB) melting is a flexible technique for remelting and purification of the
refractory metals. In general such experiments are performed in a hemispherical water-
cooled copper crucible (Fig. 1). A liquid pool is formed inside the metal button which
is being heated with a surface energy source. While performing EB melting, dissolution
kinetics of additional matter introduced in the liquid pool can be studied. Complex
pattern of the surface heat source, turbulent flow, and a necessity to know the exact
values of a temperature and a velocity inside the liquid pool requires full 3D modeling of
the process.

Figure 1: Scheme of the typical EB melting experiment. Numbers on the figure: 1 – electron beam, 2 –
metal button, 3 – surface of the copper crucible, 4 – electron beam pattern.

To simulate the process of the EB melting one needs to describe momentum and heat
transfer, phase change, development of turbulence in the liquid regions of the button.
Surface heat and momentum sources such as electron beam energy deposition, radiative
heat transfer, heat loss though the crucible cooling circuit, surface tension (Marangoni
flow) should also be addressed in the model. New solver dealing with the described
phenomena along with a turbulent model based upon [1] allowing correct damping of the
turbulence in solid and mushy regions was implemented within OpenFOAM framework.



3D simulation of electron beam melting

The implementation was compared with known numerical solution of tin melting in a
square cavity [2] as well as with experimental data on melting of a titanium sample in
an electron-beam furnace. The simulations showed good agreement between modeling
results and experimental data.

Finally the developed numerical model was applied to the problem of the dissolution
experiments. The influence of a rod dipping inside the liquid bath was simulated. Results
of the simulations showed that the rod disturbs the flow field inside the bath and its
amount depends on the exact location of the dipping.
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