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Effect of Direct Magnetic Field Imposed Vertically to Surface on

Suppression of Wave Motion

Synopsis:

Toshiyuki KozUKA, Shigeo ASAI and Iwao MUCHI

The surface wave of molten metal is a triger to induce instabilities and surface defects in several proc-
esses such as twin roll, electromagnetic casting and conventional continuous casting.
Molten metal is an electrically conducting fluid. So its surface wave motion is expected to be sup-

pressed by imposing direct magnetic field .

In this work, a direct magnetic field was imposed vertically to surface of liquid mercury and damping be-
havior of wave motion was measured by using laser slit beam. On the other hand, a damping coefficient of
wave motion was derived on the basis of magnetohydrodynamics, and experimental data verified the theore-

tical results.

Magnetic field intensity to completely suppress wave motion of molten steel is evaluated by

use of the dispersion relation and the damping coefficient derived here.
Key words : electromagnetic metallurgy ; magnetohydrodynamics ; surface wave ; wave theory ; direct rolling ;

twin roll ; continuous casting ; electromagnetic casting.
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Fig. 2. Configuration of surface wave in channel
and coordinate system.
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Table 1. Experimental conditions.
Size of pole piece 80 mm X 80 mm
Gap of pole pieces - 40 mm
Width of reservoir - 20 mm
Liquid depth 10 mm
Frequency of wave motion 4.3Hz, 4.4 Hz
Wave length 65 mm, 70 mm
Wave amplitude ~ 2 mm
Imposed magnetic field 0.4T,0.47T
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V¢ EEAT L.

v=—1V ¢ ............................................. (A-5)
EHEORXLD gL T 77 RADHFBERXSHKTT 5.

V2P = covoveererrerrrnioctotiennnioniiniiei (A-6)
Fig. 1 L RTXLIWEK (2=0) TR w3ETHHDT
¢ DEFEMHFIRNE % 5.

b/ 02=0 at 2= oeeererrrreromrrinrinnin (A-7)
P DIBIIRDE I 5.

¢ = Ccosh(é)cos(éy)exp(—jwb) - (A-8)
C TR OB E AR, yICB L TRARERE
REL OB L CiiesEB e &R L.

()X DEBHHBERIAIF L VHEICIE ¢ 2HV
TROLHICEERS.

P2/ 00(—Vd)=—Vp+ V(—pgz) - (A-9)
T, BENCEAREF Yo VEANE2HNO L 12
ETZLTH. (AR, VX—AOR%2 52 5.

pop/ 00 = p + pgz

HHERTIE p=0THHDTRRA%1ES.

pa¢/‘80'z=h—pgh:0 ........................ (A-11)
T/, Rl hOBRMSRIRATCORELGLHDT
ROBEMFELNS.

o¢ / Oz | ren =— Oh / OO ceecrrrrrriiiiiniiian (A-12)
(A-11) K& (A-12) K25 b 2HEEL, RIS
WEEEERBLT, h=h ETHERREES.

{0¢/ 02+ (1/8)(2°¢/ 36" ) ache =0 -++o-- (A-13)
(A-13) # ¥ Cauchy-Poisson D& EFETNRTB Y,
(A-8) XEMAT A Z LICkn(43) RS EEIE AR
bk, .

(40O)RTHEXONBHIBHEROL ) ICEEMRR B,

F=20Dp"V g +roevereeceecoriaineneicenninnnnnnnnn. (A-14)
(A-14) XEEFEIZ y FROATEIVLL, 3 2z FHA
TBESL L, LALAEYS, y HNoEE) T 51—
2z D ZNICHRTRE VO THBEC (A-14)5
PRILTAHHDLRET S, (A-14) A ¥HwriZ
(A-11)NO&EH L FRICRA R o 5.

00¢ / 30 | 2-n — P8I + 20Dnd | oo =0 «-ooo: (A-15)
(A-12) & (A-15) % 5B 1F Cauchy-Poisson D 5
#HR e LT (A-16)RATL§ 5.

{op/0z+ (1/8)(3*¢/00% + 2 Dndp/ 38)}eeny =0

(A-8) % (A-16) RITRAL, 0w DEHEH— D, (w
=w,—jD,) THHI L %EETHL(M)XOHE%E
BRx2BE5.
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EW 5
B B:®EEE (T)
D: WFEEH (1/s)
Dy: BEE OEBS LA REER (1/s)
D, : B\C & BRI (1/s)
E: &Y% (A/m)
f: A% (Hz)
P BRARS (N/m?) |
F,: x AN F&S I L 224 (N/m®)
g g: BEHIEE (m/s?)
h: %R (m)
ho : BHIEIREECOWIE (m)
Ah, Ah;: BEOEWE, BLUTZONHME (m)
J: FEBREE (A/m?)
j BEEL (—)
21: KO (m) :
p, p:BREBNHMOBLE (Pa)
v, b:WED y HEKG (m/s)
w, ®:ED 2z HEBS (m/s)
a: MARBE AT B AGREE O IERE (—)
n: EEOMBTH y HADOEM (m)
0: B (s)
o : ORI (s)
A:EOFER (m)
§: oK% (1/m)
o: BMEROEE (kg/m?)
o: BREBOEESE (1/2'm)
¢: HEETF ¥ vl (m?/s)
¢ O BREEONY FAEF T2 (A/m)
w: WoOARBBEE (1/s)
w,: w DEEE (1/s)

X N

1) BER, WAz, Be 18, 4 FE:SedE 70
(1984), S969

2) YrABLES, WOEE, RILBE, KEREZ, KA,
BAMLE, R — skeM, 72 (1986), S143

3) A% &, AHERN, HEET, 88X f, ZREL:
S L4, 72 (1986), S140

4) RILER, BE £, B B, HARI, FIPKE:
S L8, 71 (1985), A249

5) D. G. GoobRicH, J. L. DAsSEL and R. M. SHOGREN: J. Met.,
34 (1982)5, p.45

6 ) Ch. VivEs and R. Ricou: Metall. Trans. B, 16 (1985),
p. 377

7) IR, NG, 8 B gkEM, 72 (1986),
p. 2218

8) NGz, EItutd, B B Sk, 74 (1983),
p. 1793

9) MT M, BERT, “EEHR, KM%, AEER
B — Sk, 73 (1987), S200

10) J. A. SHERCRIFF: A Textbook of Magnetohydrodynamics
(1965), p. 79 [Pergamon Press]

11) M. GARNIER and R. MOROEU: J. Fluid Mach., 127 (1983),
p. 365

12) #REEW, BE 3, B —FE: ki@, 73 (1987),
S 686

13) /Mg, &k gk @, 72 (1986), S1652

14) BHE &, RESE— HEETaE 2, 1 (1988), p. 386

15) ANHLHe#l, /ARHick: 2k &5, 73 (1987), S1448

16) BB -8 HF 1(1973), p. 63 [EEE]

17) 78— — K- 24 —5, BWIFERR: CARENDEAM
(1979), p. 212 [ERAFEHER]




