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Multi-GPU accelerated three-dimensional phase-field model of
binary alloy directional solidification
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(1. College of Computer and Communication, Lanzhou Univ. of Tech., Lanzhou 730050, China; 2. State Key Laboratory of Advanced Pro-

cessing and Recycling of Nonferrous Metals, Lanzhou Univ.of Tech., Lanzhou 730050, China)

Abstract: Based on three-dimensional phase-field model and using MPI + CUDA heteroideous collabora-
tive parallel technique, a Multi-=GPU calculation model for three-dimensional directional solidification
process of alloys was established on GPU cluster and the simulation of three-dimensional directional solidi-
fication of Al-Cu binary alloy was realized. The process of three-dimensional directional solidification of Al-
Cu binary alloy and the phenomenon of mutual competitive growth of grains with different orientations
were reproduced. The calculation efficiency and acceleration effect of Multi-GPU calculation model were
verified by means of comparing with traditional CPU serial computation model. The accelerated simulation
calculation of directional solidification of binary alloy is realized, and its maximal acceleration ratio could a-
mount to 57.7.
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Tab.1 Physical property parameters of material
Al-Cu
/(Jem™) 0.093
Tw/K 933.3
L/(kJ + kg 1) 389.0
E/(We(me-k 1) 192.6
ke 0.14
Dy/(m? «s™1) 3.0X107°¢
D./(m? «s™H 3.0X10° 18
me 620
N, XN, XN._,
ro. O-—=xyz sx,y,2
3 s
< . :
gpflq T:TmiATa ZZ<7‘5 (18)
¢=0, T=T,—AT, 2" >ri
:T ,AT
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, Zero-Neumann

Az =0.6X10"%, Ay =0.6 X
10 5,02 =0.6X10 %, At =1.5X10",¢, = 1.5X
109,60 =4.5A2/2.
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Tab.2 Calculation time of Multi-GPU model

/s

1 5422 1
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6 272 19.9
12 150 36.1
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