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Phase-field method of dendritic growth under convection

YUAN Xun-feng, DING Yu-tian, GUO Ting-biao, HU Yong, TANG Xiang-qgian

(State Key Laboratory of Gansu Advanced Non-ferrous Metal Materials,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Based on the Wheeler model, the phase-field model was built by coupling with the concentration field,
temperature field and flow field. An explicit finite difference numerical method was used to solve the phase-field model
equations and simulate both of the single and multi-grain dendritic growth of Ni-Cu alloys in a forced flow. The results
show that the fluid flow alters the local heat and solute transfer at the solidification front, thus the dendritic growth
behavior is significantly influenced. Under forced flow with a flow velocity of 6.43 m/s, the temperature and the
concentration of the upstream dendritic crystal are low because of the undercooled melt flushing, the greater actual
supercooling of the upstream dendritic crystal makes the dendritic crystal become fast, the tip velocity at steady state
increases by about 28% compared with the case without flow. The heat and solute are enriched in the downstream, the
temperature and the concentration of the downstream dendritic crystal are high, the less actual supercooling of
downstream dendritic crystal makes the dendritic crystal growth become slow, the tip velocity at steady state decreases by
about 26% compared with the case without flow.

Key words: Ni-Cu alloy; phase-field; forced flow; dendritic growth; solidification; concentration field; temperature field;
flow field
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Fig.1 Schematic diagram of computational domain model
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Fig.2  Simulated morphologies of single-grain dendritic
growth (=40 000A?): (a) Without flow; (b) With forced flow
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Fig.6 Evolution of multi-grain dendritic growth in forced flow:
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