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NUMERICAL SIMULATION OF THREE-DIMENSIONAL DENDRITIC GROWTH
WITH FLUID CONVECTION

Tkroh Yoon™ and Seungwon Shin'

Most material of engineering interest undergoes solidification process from liquid to solid state. Identifying the
underlying mechanism during solidification process is essential to determine the microstructure of material which
governs the physical properties of final product. In this paper, we expand our previous two-dimensional numerical
technique to three-dimensional simulation for computing dendritic solidification process with fluid convection. We
used Level Contour Reconstruction Method to track the moving liquid-solid interface and Sharp Interface Technique
to correctly implement phase changing boundary condition. Three-dimensional results showed clear difference
compared to two-dimensional simulation on tip growth rate and velocity.
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Fig. 1 Computing distance function from the existing 1D linear interface elements for 2D simulation: (a) the minimum distance
point is located to inside the line segment. (b) the minimum distance point is located at the edge of the element.
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Fig. 2 Sign function distribution near the interface before expansion.

Fig. 3 Computing distance function from existing 2D triangular interfacial elements for 3D simulation: (a) intersection of normal
is inside the element. (b) intersection of normal is placed outside the element.
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Fig. 4 Schematic diagram of Sharp Interface Method for
three- dimensional simulation.
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interface for com- pact curvature support.
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Fig. 6 Computational geometry: (a) two-dimensional simulation. (b) three-dimensional simulation.
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Fig. 7 Dendrite arm tip velocities vs. time with fluid flow
for two dimensional simulations.
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Fig. 8 Dendrite arm tip velocities vs. time for both two- and
three- dimensional results.
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Fig. 9 The temperature contour and the velocity vector for
the three-dimensional dendrite.
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Fig. 10 The morphology of the three-dimensional dendrite.
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