20 5 2010 5
Vol.20 No.5 The Chinese Journal of Nonferrous Metals May 2010

1004-0609(2010)05-0937-09

( 100088)

TG249.9 A

Numerical simulation of electromagnetic field, flow field and temperature
field in semi-solid slurry preparation by electromagnetic stirring

CHEN Xing-run, ZHANG Zhi-feng, XU Jun, SHI Li-kai

(National Engineering & Technology Research Center for Non-ferrous Metal Matrix Composites,

General Research Institute for Non-ferrous Metals, Beijing 100088, China)

Abstract: A two-dimensional computational model coupling a macroscopic heat and fluid flow analysis with
electromagnetic stirring (EMS) in semisolid slurry preparation was developed. The method combining finite element and
finite difference was used to deal with coupling electromagnetic field with flow field and temperature field. The
characteristics of electromagnetic field, flow field and temperature field under electromagnetic stirring were analyzed,
considering the influences of the stirring current and frequency. The dynamic evolution of transport phenomena during
solidification under electromagnetic stirring was presented successfully. The simulated results show that a horizontal
rotational electromagnetic force with the same rotating direction with the magnetic flux density is uniformly distributed in
the stirred melt, but its magnitude decreases from edge to center due to the skin effect of the induced current. The velocity
field distribution is similar to the electromagnetic field, but the velocity quickly decreases with the stirring time
increasing when the temperature decreases in the melt. The electromagnetic stirring accelerates the solidification rate, and
the temperature difference between the melt edge and the melt center becomes small. The altering stirring current and
frequency markedly influence the distribution of electromagnetic field, flow field and temperature field.
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Fig.1 Schematic diagram of EMS apparatus
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Fig.2 Geometrical model of EMS (a) and schematic diagram
of its grid division (b)
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Fig.3 Distributions of magnetic flux lines in EMS apparatus
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Fig.4 Effect of stirring current on magnetic flux density at

same frequency
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Fig.5 Effect of stirring frequency on magnetic flux density at

same current
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Fig.7 Distribution of flow fields at different stirring times: (a)

=5s;(b)=10s
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Fig.8 Effect of stirring current on the flow velocity
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Fig.9 Effect of stirring frequency on the flow velocity
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Fig.10 Distribution of temperature fields at different times: (a) Without EMS, =5 s; (b) With EMS, =5 s; (c) Without EMS, =10 s;

(d) With EMS, =10 s (unit:
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