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Phase-field modeling of free dendritic growth of
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Abstract
In this paper, the process of the free dendritic growth of Mg-0.5 wt.%Al alloy in the basal plane (0001) is simulated
in two-dimensional system by using a quantitative phase-field model. A convergence study is carried out to choose
the optimal coupling parameter A and grid width Az/Wj in simulation. Then we systematically discuss the effects of
the anisotropic strength ¢ and the supersaturation {2 on dendritical tip growth velocity, radius, Péclet number, and
stability parameter o*. Results show that the stability parameter o* defined by the theory of microscopic solvability is

1.81905 L75 obtained from the

a function of the anisotropy strength ¢, i.e., 0™ o< & , which is obviously closest to o* (&) xx &
analytical solution. Moreover, for {2 < 0.6, the stability parameter o™ is approximately a constant while it sharply and
monotonically decreases with the augment of the value of & for 2 > 0.6. This indicates that there is a transition from
solute-controlled dendrite to kinetic dendrite as {2 increases. Furthermore, the transition of the growth pattern from the

snow-like to the circle-like patterns occurs as {2 increases.

Keywords: phase-field simulations, magnesium alloys, free dendritic growth

PACS: 02.60.Cb, 81.10.Aj, 81.30.Bx, 81.30.Fb DOI: 10.7498/aps.64.060201

* Project supported by the Fundamental Research Funds for the Central Universities, China (Grant No. 3102014KYJDO026),
the National Natural Science Foundation of China (Grant Nos. 61078057, 51172183, 6147130, 11102164), the Natural
Science Foundation of Shaanxi Province in China (Grant No. 2012JQ8013), NPU Foundation for Fundamental Research,
China (Grant Nos. NPU-FFR-JC20110273, JC201155, JC20120246), and the Program of New Staff and Research Area
Project of NPU, China (Grant No. 13GH014602).

1 Corresponding author. E-mail: huixing@nwpu.edu.cn

1 Corresponding author. E-mail: ¢2002z@Qnwpu.edu.cn

060201-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevLett.110.226102
http://dx.doi.org/10.1103/PhysRevLett.110.226102
http://118.145.16.217/magsci/article/article?id=14855765
http://118.145.16.217/magsci/article/article?id=14855765
http://dx.doi.org/10.1016/j.actamat.2011.11.037
http://dx.doi.org/10.1016/j.actamat.2011.11.037
http://dx.doi.org/10.1016/j.scriptamat.2009.06.028
http://dx.doi.org/10.1179/174313309X380431
http://dx.doi.org/10.1103/PhysRevLett.87.115701
http://dx.doi.org/10.1107/S0567739481000491
http://dx.doi.org/10.1107/S0567739481000491
http://dx.doi.org/10.1103/PhysRevB.73.024116
http://dx.doi.org/10.7498/aps.64.060201

	1引 言
	2模 型
	2.1 相场模型及数值求解
	Table 1

	2.2 稳定性系数的求解

	3结果与讨论
	3.1 典型枝晶形貌
	Fig 1

	3.2 数值收敛性分析
	Fig 2

	3.3 各向异性对枝晶生长的影响
	Fig 3
	Fig 4

	3.4 过饱和度对枝晶生长的影响
	Fig 5
	Fig 6
	Fig 7


	4结 论
	References
	Abstract

