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This paper presents the hybrid finite element and boundary element method (FEM-BEM) with a level
set method (LSM) for the analysis of a free surface deformed in the alternating current magnetic field.
Three-dimensional numerical simulations in the electromagnetic seal are carried out to investigate
the behavior of the liquid metal. The free surface deforms more largely in the lower direction than
that apart from the coil. Moreover, the gradient of the deformation to time becomes bigger as the
increase of the current density in the coil because of the enhancement of the Lorentz force. However, thiscan
not be applied to the case which selects the frequency as the variable parameter. It is found the free surface near the
coil deforms irregularly as the increase of the frequency related with the skin effect.
i 1! apf 4 ;
idelf1)==—il+co 3 if |fqi<e
i e(l) Ze} Sge % | 1| (4)
}de(f 1) =0 otherwise
(3 A1 Az
4
CSF  continuum surface
(0] force 4
Level Set @ Hybrid
FEM -BEM ®
T2k, =0 9
Level Set (5)
(5)
¢ 1=0
3
Level Set reinitialization ©
i o
3 5 ﬂ—tl: (f 1)(1' INif 1|) (6)
& f
1 2 sf1)=—=== (7)
fizve?
2 (7) S(p 1) ®1
(O] ®1
if(x,t)>0 in fluid2
:'fl(x,t) =0 in free surface (l)
f,(xt)<0 in fluidl T t
2¢ Level Set
2
Heaviside Delta Level Set
Heaviside
Delta ©
iHe(fl):O if fi<-e f
i 1 - _ \ =
i C1i, fp o1 apfial Tt +{Vo - V()i P+N’“HNf1| 0 (8
.I_He(fl)—§11+_+_ ”gj% if fi|£e (2)
! ' Vo = canHe (f 1 )dxdydz (9)
0
THe(f,)=1 it f,>e (ID_'E(I) t=0
A=A+ (A - AHE ©) V(D)= Gy e b 1Joxayoz (10)
t=t

® P

Copyright © 2000 by JSCFD



1 6) (8

ﬂf]_ ~ fl ~
—+{Vo - VIt)il- 1+N>xn)=—=>Nf; =0
o VI 1) o
(5) (11) (12) CIP ©
A-f
®,
B=N" A
e= i, JA
it
N H=J
J=sn(E+v’ B)
NxJ=0
(16)  (15) (16)
17) (13) (14)
A-f
o o, R By
ﬁ?+m A) v=-Kf, SmN émN A
RIS miRf 5 + 12+ (R7 A) W= 0
é 1 It Eu
NxA =0
(18) (19)
Mo/ A) v=-RE, +—2—R2%A
t S mm
NZfZ:N \" B)
2 1

=
~
=

(23)

Skyline

N
N

F

o &

An analytical mesh
for the magnetic field

Fig.1 Linear

variables.

An analytical mesh
for the velocity field

interpolation of the magnetic field

27 3x 3x 3

1/27

¢ 1=0
6

6750 9424

GSMAC (7]
Nx=0
v

-5 (N>n)nd,

rﬁ+r(v>d§|)v=-Np+nN2v+J' B

Navier-Stokes

(24

(29

dip

»l
»

A

LT
X
ﬁ#ﬁﬁ#ﬁiﬁﬁ#ﬁ#ﬁ#ﬁ
_LE

L1
wi_ v

Fig. 2 Mathematical model of the electromagnetic seal.
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Tab.1 Physica properties of melt and air.

Density (melt) [kg/m3] p: 9.70 x 103
(ar) p2 |[1.18

Kinematic Viscosity [m%s] v | 1.40 x 10~

Vo2 1.54 x 10-5
Surface Tension [N/m] o5 0.5
Electrical Conductivity [S/m] Om || 1.06 x 106

o mz || 0.00
Relative Magnetic [ 1 U 1.00
Permeability

Tah.2 Conditions of mathematical moddl.

Coil Height [m] L 4.80 x 101
Coil-Melt Width (y) [m] L2 1.00 x 10-2
Coil Width (x) [m] Ls 5.00 x 10-3
Air-Melt Width (x) [m] La 1.00 x 10-t
Air-Melt Height [m] Ls 2,50 x 101
Melt Height [m] Le 1.50 x 10-t
Melt position (z) [m] Lo 1.00 x 10-t
Tab.3 Magnetic field parameters of the cail.
Current Density [A/m2] s 1.20 x 108
-2.00 x 108
Frequency [Hz] f 2.00 x 1083
-3.00 x 103
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Fig.3 Comparison of the results between the ALE (a)
and the LSM (b).
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Fig.4 Deformation process of the free surface with the
current density 2.00x 108A/m2 and the frequency
2.00x 10%Hz.
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Fig.5 Distributions of the magnetic field physical
quantities and their magnitude on the vertical
plane with the frequency 2.00x 103Hz at 0.001s.
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Fig.6 Comparison of the transitions in terms of the
liquid height at X=0, L4 with the variable current
density and the fixed frequency 2000Hz.
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Fig.7 Comparison of the transitions in terms of the
liquid height at X=0, Ls with the variable
frequency and the fixed current 6000A.
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