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Numerical analysis of the flow in the liquid metal by the vector finite element method
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New vector finite element method for solving induction equations is proposed. Vector finite element method is one
of popular algorithms in the electro-magnetic field analysis. Two types interpolation functions for vector finite element
method are defined. One is facet shape function and another is edge shape function. Facet function satisfies normal
continuity and tangential discontinuity at the face of arbitrary elements. Edge shape function satisfies tangential
continuity and normal discontinuity at the edge of arbitrary elements. Induction equations are divided into two phases,
magnetic phase and electric phase. Magnetic phase is solved by Facet vector finite element method and electric phase
is solved by edge vector finite element method. Lorentz forces which are one of the terms of the Navier-Stokes
equations are calculated at the center of the elements because magnetic flux density is defined at the face center of the
element. Flow between parallel plates is analyzed with several Hartmann number Ha and the numerical results and the
theoretical results of the velocity profiles are good agreement with each other.
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Fig. 1 vector shape function
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Fig. 5 flow chart of the calculation
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Fig. 6 geometry of parallel plate channel at entrance region with
transverse magnetic field and parabolic entrance velocity
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Fig. 10 velocity vectors (Ha=5.0)
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Fig. 21 computational results and the theoretical results of velocity
profiles at x=0.0
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o. oo

gobooooooooooboooon

() JOooOooOOooOooOobooOoboobobooobooo
o00000O0O0O0OO0OO0OOoOoboOoboOoooobooo
oooooooooooo

2 toboOOooboooooobDomuoboooooo
o00000O0O0O0OO0OO0OOoOoboOoboOoooobooo
o0ooOo0o0oooomoooooooooooon
oooboooooooooooooon

3 UobOOoOobooOooobOoOoOobDbOOooooOOmo
00000 GSMAC DOO0OOOOOOOoDOOoOoOoD
o00000O0O0O0OO0OO0OOoOoboOoboOoooobooo
oooooooooooooooobooooobooon
ooooogd

oooo

() OOOMMFDTD OODOOODODOOODOOODOOO
oo0o00i199s.

(2) Ozoe, H .and Maruo, E. JSME Int. J., 30-263(1987), pp774

@G)ooooDr GSMACOUOODOoOooooooooooo
00000000 cavity DODODOOOO"O000O BO
59-562(1996), pp1835-1842.

4 000000 DO0D0O0OO0O0ODOO0O0Ob0OO0O0 Cavity
0000000000 B,62-602(1996), pp3584-3591.

(5) Daniel Arther White, Discrete Time Vector Finite Element
Methods for Solving Maxwell’s Equations on 3D
Unstructured Grids, Lawrence Livermore National Laboratory,
UCRL-LR-128238

Copyright © 2001 by JSCFD



