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Fig. 1 Finite element mesh generation and boundaries
definition under combined power ultrasonic and applied
pressure
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Table 1 Calculation model and boundary setting

powndary MOV o pe
ab 10 Deform 1 Pressure-outlet
bc 10 Inlet Pressure-inlet
cd 10 Deform 2 Pressure-outlet
de 25 Outlet 1 Wall
ef 60 Wall 1 Wall
fg 60 Wall 2 Wall
gh 60 Wall 3 Wall
ha 25 Outlet 2 Pressure-outlet

Table 2 Thermal properties parameters of Al-5.0Cu alloy at 700 C

Density, p/(kgrem ) Surface tension, o/(N'm™")

Dynamic viscosity, 7/(m*s ")

Saturated vapour pressure, p,/kPa

2450 0.86

1.1X10°° 0.00001
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Fig. 2 Combined ultrasonic vibration and applied pressure
apparatus
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Fig. 4 Distribution of inner velocity in aluminum melts: (a) Single ultrasonic field; (b) Ultrasound vibration and pressure

coupling fields
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Fig. 5 Distribution of inner pressure in aluminum melts: (a) Single ultrasonic field; (b) Ultrasound vibration and pressure

coupling fields
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Fig. 6 Volume fraction of cavitation bubbles under

different distance away from transducer in aluminum melts
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Fig. 8 Macrostructures and microstructures of Al-5.0Cu under different positions and conditions: (a) Single ultrasonic field,;

(b) Ultrasound vibration and pressure coupling fields
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Fig. 9 Quantitative analysis of microstructure: (a) Grain size; (b) Secondary dendrite arm spacing
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Effect of ultrasound vibration and pressure coupling field on
function mechanism and microstructure of Al-Cu alloy

LIN Bo', LIN Chi-hao"?, FAN Tao', ZHANG Yang®, ZHANG Wei-wen’

(1. School of Mechanical Engineering, Guizhou University, Guiyang 550025, China;
2. School of Mechanical and Automotive Engineering, South China University of Technology,
Guangzhou 510640, China;
3. Institute of Materials and Processing, Guangdong Academy of Sciences, Guangzhou 510640, China)

Abstract: The effect of ultrasound vibration and pressure coupling fields on the function mechanism and
microstructure of Al-Cu alloy was studied by numerical simulation and experimental validation. The results show
that, compared with the single ultrasonic field, the ultrasound vibration and pressure coupling field can increase the
intensity and region of cavitation effect. The distribution of inner pressure in aluminum melt can also be raised
under the coupling field, which leads to the enhanced convection in the aluminum melt. By measuring the
temperature in melt and analyzing the macro/microstructure of the Al-Cu alloy quantitatively, the numerical
simulation result was verified. The coupling field can promote the uniform temperature distribution of Al-Cu melt.
The coupling field can also eliminate the difference of grain refinement in the ingot caused by single ultrasonic
field, and improve the uniformity of the microstructure obviously.

Key words: ultrasonic vibration; applied pressure; coupling fields; numerical simulation; Al-Cu alloy

Foundation item: Projects(51704084, 52074131) supported by the National Natural Science Foundation of China;
Project(2015A030312003) supported by the Natural Science Foundation of Guangdong for
Team Research, China; Project(RC2017(5788)) supported by the Science and Technology Plan
of Guizhou Province, China; Project(2019(23)) supported by the Cultivation Project of Guizhou
University, China

Received date: 2020-06-30; Accepted date: 2021-06-10

Corresponding author: ZHANG Wei-wen; Tel: +86-13642315239; E-mail: mewzhang@scut.edu.cn

(i FH4D)



