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Analysis of molten metal flow in rotating magnetic field

ZHANG QI, JIN Jun-ze, WANG Tong-min, LI Ting-ju, GUO Qing-tao

(State Key Laboratory of Materials Modification by Laser, lon and Electron Beams,
School of Materials Science and Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract: The couple field of electromagnetic force and flow was simulated for the self-developed rotating
electromagnetic stirring equipment. The results show that under the stirring electromagnetic field, not only rotating flow
exists in the cross section but also circulation flow exists in the vertical section of molten metal. The velocity of
circulation flow is one order lesser than that of the rotating flow. The magnetic flux density of liquid metal surface (B) is
in inverse proportion to the current frequency whereas is in direct proportion to the input volt/current. The maximum
electromagnetic force is in direct proportion to the square of magnetic flux density (By) whereas is in inverse proportion
to the nth-power of current frequency. # is relative to the electric resistance of molten metal and varies from 1/2 to 3/2,
which is 1/2 for aluminum metal and 1 for tin metal and lead metal. The rotating velocity of molten metal is in direct
proportion to the magnetic flux density (B,) and is in inverse proportion to the square root of the density of molten metal.
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Table 1 Meniscus depth of molten metal at different input

voltages
o/V 70 80 115
y/m 0.008 0.013 0.03
o/V 40 55 70
y/m 0.011 0.025 0.031
A% 20 30 40
y/m 0.013 0.027 0.037
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Fig.2 Computation model of electromagnetic force and flow

of molten metal
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Table 2 Main computation parameters for numerical
simulation
Number of windings 120
Voltage/V 20-115
Current frequency/Hz 1-50

Cross-sectional area of coil/m? 0.075%X0.062 5

Relative permeability of coil 1
Electrical permeability of coil/(10™ Q-m) 1.678
Relative permeability of iron 10 000
Electrical permeability of iron /(10~® Q'm) 9.71
Relative permeability of air 1
*3 A EYIESE
Table 3 Physical parameters of pure metal
Electrical
Metal permeability/ o 4 Relati\fe' #fl O
(10" Qm) (kgm°) permeability (kg'm s )
Al 2.6548 2385 1 0.001(750 C)
Sn 11 7 000 1 0.006(280 C)
Pb 20.684 10 678 1 0.008(380 C)
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Fig.3 Comparison of magnetic flux density(a) at different
poisons of transverse cross section(b) by measurement and
simulation at input voltage of 20 V and frequency of 50 Hz
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Fig.4 Comparison of rotating velocity of pure aluminum,
pure tin and pure lead by measurement and simulation at

current frequency of 50 Hz
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Fig.5 Electromagnetic force of pure aluminum, pure tin and
pure lead at input voltage of 20 V and current frequency of 50
Hz: (a) Pure Al, F,,=25 340 N/m’; (b) Pure Sn, F,,=14 098
N/m?; (¢) Pure Pb, Fype=13 250 N/m®
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Fig.6 Flow of pure aluminum, pure tin and pure lead at input voltage of 20 V and current frequency of 50 Hz: (a) Pure Al,
Vimnax=0.46 m/s; (b) Pure Sn, v, =0.27 m/s; (c) Pure Pb, v,,,-0.22 m/s
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Fig.7 Melt profile and velocity field profile of pure aluminum
in vertical section at input voltage of 20 V and current
frequency of 50Hz (The left is meniscus of pure aluminum and
the right is velocity vector)
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Fig.8 Relationship between surface magnetic flow density
and frequency at input voltage of 20 V
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Fig.9 Relationship between input voltage and magnetic flow

density at current frequency of 50 Hz
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Fig.10 Relationship between maximum electromagnetic force
and current frequency of pure aluminum, tin and lead at input
voltage of 20 V
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Fig.11

force and magnetic flux density of pure aluminum, tin and lead
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Fig.12 Relationship between rotating velocity and magnetic

flux density of pure aluminum, tin and lead at current
frequency of 50 Hz

135
1251
1151
105

951

w/(r-min~1)

851
51
65

552 7 12

Density/(g-cm™3)
B 13 HAHIE 20 V. BAEME 50 Hz M 4B %E S
i ARG HR

Fig.13 Relationship between rotating velocity and the various

material density at input voltage of 20 V and current frequency
of 50 Hz
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