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A AR D81 Sk [19, 20] & F M7 R T B
i 1) 7€ ) A K ATEURHAE K (H A2 CA T iE A A 312
PR B AL et [ 3o 2 1 2 WA T

T %

1) e WA AR TR R A AR 1 220325 S ST 5 e it [
MR B 6 AL4.7 wt.%Cu 6 A 4 ik R
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The reliability analysis of using the volume averaging
method to simulate the solidification process in a ingot”

Li Ri'’ Wang Jian Zhou Li-Ming Pan Hong

(Key Laboratory of Materials Processing and Control Engineering, Hebei University of Technology, Tianjin 300130, China)

( Received 28 December 2013; revised manuscript received 27 February 2014 )

Abstract

Adopting the Euler and the volume averaging methods, a three-phase mathematical model with parent melt as the
primary phase, columnar dendrites and equiaxed grains as two different secondary phases is developed, and the coupled
macroscopic mass, momentum, energy and species conservation equations are obtained separately. Taking the Al-4.7 wt%
Cu binary alloy ingots for example, the flow field, temperature field, solute field, columnar-to-equiaxed-transition and
grain sedimentation in two-dimension are simulated, and the simulated result of ingot and macrosegregation result
are compared with their experimental values. The simulation results of temperature field, flow field and structure are
basically consistent with the theoretical results, but the result of solute field shows that the simulated values is lower
than the measured value on the edge, this is because the model does not take the shrinkage and forced convection into
account, and the inner results is higher than the results on edge. The shrinkage and inverse segregation therefore should
not be neglected. This model are still necessarily improved. Besides, based on the analysis of simulation results, the

advantages and the disadvantages of the volume averaging method to simulate the solidification in a ingot are evaluated.

Keywords: macrosegregation, fluid flow, heat transfer, mass transfer

PACS: 81.30.Fb, 64.10.4-h, 81.10.A] DOI: 10.7498/aps.63.128103

* Project supported by the National Basic Research Program of China (Grant No. 2011CB610402).

1 Corresponding author. E-mail: sdzllr@163.com

128103-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.128103

	1引 言
	2数学模型
	3计算方法
	4计算结果与讨论
	4.1 边界条件和初始条件
	4.2 铸锭凝固的传热、流动和传质
	4.2.1 温度场模拟结果
	4.2.2 等轴晶体积分数、等轴晶流场及柱状晶体积分数
	Table 1
	Fig 1
	4.2.3 溶质场分析
	Fig 2
	Fig 3


	5实验验证
	Fig 4
	Fig 5
	Fig 6
	Table 2
	Fig 7


	6体积平均法分析
	7结 论
	References
	Abstract

