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The Effect of Mold Rotation
on Solidification Process of an Al-Cu Alloy
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Abstract

The effect of mold rotation on the transport process and resultant macrosegregation pattern
during solidification of an Al-Cu alloy contained in a vertical axisymmetric annular mold cooled
from the inner wall is numerically investigated. The mold initially at rest starts to rotate at a
prescribed angular velocity simultaneously with the beginning of cooling. Computed results for a
representative case show that the mold rotation essentially suppresses the development of both
thermal and solutal convections in the melt, creating distinct characteristics such as the liquidus
front, flow pattern and temperature distribution from those for the stationary mold. Thermal
convection which develops at the early stages of cooling is soon extinguished by the rotating flow
induced during spin-up, and thus does not effectively remove the initial superheat from the melt.
On the other hand, solutal convection, though it weakens considerably and is confined within the
mushy zone, still predominates over the solute redistribution process. With increasing the angular
velocity, the solute transport in the axial direction is enhanced, whereas that in the radial
direction is reduced. The final macrosegregation formed in the mold rotating at moderate angular
velocities appears to be favorable in comparison with the stationary casting, in that not only
relatively homogenized composition is achieved, but also a severely positive-segregated channel

is restrained.
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Fig. 1 Schematic of the present physical model and
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Table 1 Thermophysical properties of an Al-Cu
alloy used in this work.

Property Value (solid/liquid)
Specific heat, ¢ [J/kgK) 882/924
Thermal conductivity, #[W/ 180.6/100.8
mK]
Mass diffusion coeffi- 2.6x107°
cient, D[m?/s]
Latent heat of fusion, L 3.87x10°
{J/Kg]
Density of aluminum, p* 2380
[kg/m?®]
Density of copper, o™ 7940
[kg/m’]
Permeability coefficient, 5.556x 107"
Ko [m?]
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