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Table1l Physical parameters of oxygen-free copper

Parameter Value

Thermal conductivity/W-(m-C)" 170-389
Density/kg-m” 8960

Specific heat/J-(kg-"C)™ 402-495
Latent heat/x10° J-kg™' 2.05
Liquidus temperature/C 1083
Solidus temperature/'C 1083

#2 aK. LENYMESH
Table2 Physical parametersof He and Ar

Parameter He Ar
Thermal conductivity/W-(m-C)™ 0.16 0.02
Density/kg'm™ 0.15 1.51
Viscosity/x107 Pa-s 2.10 2.42

Specific heat/J-(kg-C )" 5193.30 520
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Table3 Experimental conditions and calculation parameters

Parameter Value
Particle diameter/um 150, 200, 300, 400
Gas temperature/C 20
Wall temperature/‘C 20
Initial temperature/'C 1103
Initial Velocity/m-s'l 2,3,4
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Fig.6 Temperature distribution during solidification of 200 pum particles: (a) overheating stage, (b) solidification stage, and (c) solid

phase cooling stage; (d) radial temperature difference of particles during solidification
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Simulation on Heat Transfer and Solidification Behavior of Micron-sized Cu Spherical
Particles Prepared by Pulsated Orifice Ejection Method

Wang Xudong'?, Li Pengyu'?, Tang Sifan', Yue Yixin', Yao Man', Dong Wei'
(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)
(2. Key Laboratory of Solidification Control and Digital Preparation Technology (Liaoning Province),
Dalian University of Technology, Dalian 116024, China)

Abstract: The preparation of micron-sized spherical particles by the pulsed orifice ejection method (POEM) is a typical unconstrained
heat transfer and solidification process, and the prepared spherical particles have the characteristics of uniform particle size, high
roundness and consistent thermal history. The heat transfer mechanism dominated by convection and radiation is crucial for the
preparation technology, solidification process and microstructure control. According to the preparation process, heat transfer and
solidification characteristics of micron-sized spherical metal particles by POEM, a numerical calculation model of heat transfer and
solidification in a three-dimensional spherical coordinate system was established. The proposed model considers the behavior of the
convection and radiation heat transfer of pure Cu particles in the unconstrained solidification process, and adopts the temperature recovery
method to deal with the latent heat of pure metal solidification. The temperature variation and distribution of spherical particles at
different solidification stages were calculated, and the temperature gradient, cooling rate, liquid-solid interface movement and
solidification rate during the solidification process were also investigated. In addition, the convective and radiative heat transfer and their
contribution were simulated and analyzed, and the effects of different preparation processes on the convective heat transfer of the particles
were explored. The results provide references for the optimization of the preparation and the regulation of the solidification process of
micron-sized spherical particles by POEM.

Key words: spherical metal particles; pulsed orifice ejection method; heat transfer and solidification; convective and radiative heat

transfer; numerical simulation
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