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Numerical Simulation of Electromagnetic flow, Temperature Field
and Flow Field in Laser Molten Pool with Electromagnetic Stirring
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Abstract A new three—dimensional mathematical model describing the electromagnetic stirring in the laser
remelting is developed. The method combining the finite element and finite volume is used to deal with
coupling electromagnetic field with flow field and temperature field. The influence of electromagnetic field on
temperature field and flow field are analyzed. The results show that the electromagnetic force is distributed
circumferentially at horizontal plane, the magnitude of the tangential force decreases from edge to center;
Under the effect of rotating magnetic field, the temperature and temperature gradient in the molten pool are
slightly reduced; Liquid in the molten pool tends to rotary motion, it is similar that the distribution of velocity
field and electromagnetic force; The circulation in the longitudinal of molten pool increases, which is benefit
for heat transfer of molten pool and accelerates cooling speed; The distributions of electromagnetic field and
flow field are affected by the intensity of exciting current. It provides the theoretical reference for laser
processing.
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Table 1 Material performance and thermo physical properties

Properties Values
Temperature /K 293 373 473 573 673 773
Thermal conductivity /(W +m™-K™) 9.63 10.47 11.72 12.14 13.40 14.65
Cel (J-kg K™ 574 641 699 729
Density / (kg*m™) 4200
Surface tension coefficient /(N-m™+K™") -3.5%x10™
Dynamic viscosity / (m**s™") 1.05x10°
Solidus temperature /K 1604
Liquidus temperature /K 1660
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Fig.3 Comparison of measured and calculated magnetic flux densities at the center with different excitation currents
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laser molten pool Fig.5 Distribution of tangential electromagnetic force at
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Fig.7 Distribution of flow fields at X~ plane in molten pool. (a) Without electromagnetic stirring; (b) I=100A, f=6Hz
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