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Fig. 1. (color online) Schematic model of electromag-
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netic levitation and theoretical calculation of levitated
height: (a) Coil configuration; (b) levitated height ver-
sus current frequency; (c) levitated height and fluid

velocity versus bulk undercooling.
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Fig. 2. (color online) Magnetic induction intensity
and induced current distribution of liquid FesoCuso
alloy at various current frequencies: (a) f = 200 kHz;
(b) f =300 kHz; (c) f = 400 kHz.
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Fig. 3. (color online) Distribution patterns of Lorenz
force vs. current frequency within liquid FesqCusg al-
loy: (a) f = 200 kHz; (b) f = 300 kHz; (c) f =
400 kHz.
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Fig. 4. (color online) Distribution characteristics
of fluid flow within electromagnetically levitated
FesoCuso alloy melt: (a) f = 200 kHz; (b) f =
300 kHz; (c) f = 400 kHz.
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Fig. 5. (color online) Distribution characteristics
of fluid flow within electromagnetically levitated
FesoCuso alloy melt: (a) I = 300 A; (b) I = 400 A;
(c) I =500 A.
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Fig. 6. (color online) Fluid flow field within electro-
magnetically levitated FesoCusg alloy subjected to dif-
ferent undercoolings: (a) AT = 0K; (b) AT = 100 K;
(c) AT = 200 K.

FH b3 b 2 (1 7 2 B AR R T S A R, e
HLIHRE Y 300 A, FLIRAIR A 300 kHz % 1F T, 5K
Bl T G FesoCuso & 4 IR IR I v Rl PRl g [, 5
B IR1F I KO o 204 K.

ML A TENT 69 K, FesoCuso & 4 ik [ 2H.
U R R DA 77 B ZUES, HRFE R “HL K a-Fe
B f 4 K fh TA)FR (Cu) [, Wi 7 FTs. 34
VA 24 K1 A 69 KN, & A4 B3 i & ki 40
BRSBTS 1 887 pm I 189 pm.

136401-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 2 R  Acta Phys. Sin. Vol. 66, No. 13 (2017) 136401

1 mm 1 mm

AT =69 K

i

- '_ :
oS S aren i AT 69 KR :
(c) (d)

7 (MTIRAL) IV FesoCuso 24 i S F 4141
B (c) MUERHAR; (d) FEHTEL
Fig. 7.

(a) Macroscopic morphology at 24 K undercooling; (b) macroscopic morphology at 69 K undercooling;

(a) AT = 24 KB ZEMIE; (b) AT = 69 K BFEWIE
(color online) Typical solidification microstructures of FesoCusg alloy at small undercoolings:

(c) coarse dendrite morphology; (d) fine dendrite morphology.
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Fig. 8. (color online) Microstructure of FesoCusg alloy
after phase separation: (a) Phase separation morphol-

ogy; (b) Fe-rich zone; (c) Cu-rich zone.
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Fig. 9. (color online) Microstructure of FesoCusg alloy
after phase separation: (a) Phase separation morphol-

ogy; (b) Fe-rich zone; (c¢) Cu-rich zone.
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Abstract

In the electromagnetic levitation experiment, the liquid flow in the undercooled liquid alloy remarkably affects the
relevant thermodynamic property measurement and solidification microstructure. Therefore, it is of great importance
to understand the fluid convection inside the undercooled melt. Theoretical calculation and electromagnetic levitation
experiment have been used to investigate the internal velocity distribution and rapid solidification mechanism of FesoCusg
alloy. Based on axisymmetric electromagnetic levitation model, the distribution patterns of magnetic flux density and
inducted current for levitated FesoCuso alloy are calculated together with the mean Lorenz force. The Navier-Stokes
equations are further taken into account in order to clarify the internal fluid flow. The results of the theoretical calculation
reveal that the fluid velocity within levitated melt is strongly dependent on three factors, i.e., current density, current
frequency and melt undercooling. As one of these factors increases, the maximum fluid velocity decreases while the
average fluid velocity increases. Meanwhile, the area with fluid velocity larger than 100 mm-s ™! is significantly extended.
Furthermore, the fluid flow within levitated melt displays an annular tubular distribution characteristic. The FesoCuso
alloy melt is undercooled and solidified under electromagnetic levitation condition. In this undercooling regime AT <
69 K, solidification microstructures are composed of dendrites, and a morphology transition of “coarse dendrites —
refined dendrites” is observed with the increase of melt undercooling. Comparing with the critical undercooling of
metastable liquid phase separation in the glass fluxing experiment, the forced flow within the FesoCuso alloy melt has
suppressed phase separation substantially. Once the undercooling attains a value of 150 K, metastable phase separation
leads to the formation of layered pattern structure consisting of floating Fe-rich zone and sinking Cu-rich zone. A
core-shell macrosegregation morphology with the Cu-rich zone distributed in the center and outside of the sample and
Fe-rich zone in the middle occurs if the undercooling increases to 204 K. With the enhancement of undercooling after
phase separation, the grain size of a-Fe dendrites in Cu-rich zone presents a decreasing trend. In contrast to the
phase separated morphology of FesoCuso alloy under the glass fluxing condition, the phase separated morphologies show
obviously different characteristics. In such a case, the forced convection induced by electromagnetic stirring results in
the formation of wavy interface between Fe-rich and Cu-rich zones, the distorted morphology of the Cu-rich spheres
distributed in the Fe-rich zone, and the increased appearance probabilities of Cu-rich spheres at the upper part of
electromagnetically levitated sample. Experimental observations demonstrate that the distribution pattern of Cu-rich

spheres in Fe-rich zone is influenced by the tubular fluid flow inside the melt.

Keywords: electromagnetic levitation, forced convection, high undercooling, phase separation
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