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Fig. 1 Schematic of calculation domain with the boundary conditions
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Fig. 2 Results at solidification time =600 s
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Fig. 5 Segregation coefficient after solidification
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Numerical Simulation of Freckle Formation During Directional
Solidification of Pb-Sn Alloy

CUI Jia—jun, LI Bao—kuan, NIU Ran, WANG Zhuo
( School of Metallurgy, Northeastern University, Shenyang 110819, Liaoning, China )

Abstract:

In order to investigate the formation of freckle during vertical directional solidification of binary alloys,
a mathematical model for the coupled solution of velocity field, solute field and temperature field was
established under directional solidification. This model was used to simulate the directional solidification
process of Pb-10wt%Sn alloy in a cylindrical ingot. The simulation results show that the flow causing freckle
formation originates from the liquid region rather than the mushy zone. The solute-rich fluid continuously
converges toward the channels of mushy zone and continues to replenish the flow in the channel from the
liquid region through the mushy zone. Some elongated solute enrichment channels are formed inside the ingot
after solidification, and these top freckles are located near the arc with a radius of R/2. This result was also
verified by the freckle formation in actual ingots.
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