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Effect of Gradient of Transverse Direct Magnetic Field on
Suppression of Wave Motion
Toshiyuki Kozuka, Shigeo ASAI and Iwao MUCHI
Synopsis :

Molten metal being electrically conducting fluid, direct magnetic field can suppress wave motions which
induce instabilities and surface defects in the several processes such as twin roll, electromagnetlc casting,
or conventional continuous casting.

Transverse magnetic field was imposed on mercury surface wave and damping behavior was measured by
making use of laser beam. It was found that the suppression of wave motion did not depend on field in-
tensity but the gradient of it. A dispersion relation of wave motion, w? | ¢, coth (& h,) + ¢, coth (e, k)| =
2&%g, was derived from the theoretical analysis taking into account of the gradient of magnetic field, and
was verified by the experimental results.

The effect of gradient of transverse magnetic field on suppression of wave motion is discussed on the
basis of the dispersion relation derived here.

Key words : electromagnetic metallurgy ; magnetohydrodynamics ; surface wave ; wave theory ; direct rolling ;
twin roll ; continuous casting ; electromagnetic casting.
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Table 1.

Experimental conditions.

Size of reservoir

Size of pole piece

Width of reservoir
Liquid depth

Frequency of wave motion
Wave length

Wave amplitude

Imposed magnetic field
Gradient of magnetic field

20mm WX 90mm L X 45mm H
70 mm X 70 mm

20 mm

30 mm

5Hz

70 mm

2 mm

~1.3T (max.)

~22 T/m (max.)
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(A-0)R % (A-DRTRAL T(8) )Xz B 5.

Appendix 1

EEROBOME (wARAL 2 AHHME) Tir(15)RK
R E % 5.

W= W) eXP(—Jwh ) scrererereererererracien (A-5)
HEREORMAEE L Fig. 3IRENLLIIZ 2=k
OME»S 1/4 FHZEALBCEKIRBETCHS 2=
ho+ AR OILBICEET . L72250 T(A-6)AAE
5.

Ah = f080/4 WAO  eererrererreetriaiiiaieias (A-6)
WMMEIRTHHLI L ER LT wk 2= h DfEICEN
E(A-6)RIFRRD L) T TE 5.

Ah=— w(ho)lexp(—jr/2)—11/jw == (A-7)
(A-T)RDEHZ(2 2)RK0 0 DEFFHE52 5.
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(6)R&D JO 2 HFPIERADELI T %S,

J:=— O¢n/ By
uﬂﬁ%U\waﬁxﬁéa%ﬁ%%b

=—£§.(2)-cos(éy)-exp(—jwl) - (A-9)
z—OLbWTmM§E#ﬁ%W®ELELTW%%Q
KL RTNTD y & Qo WTBE RS RIELD%
WOT g (0)=0Thb. 2= hiZBTHEKROHEH
T g (h)=0THh5s. WMRIETHS Z LEER T

 Guh)=0 LB,

Appendix NV
(23), (30)X&H C3=—Cy, Co=—
RO E I IZEL ZEMNTED,
d.= C/sinh(gz)+ C, sinh (ez) r=seeeer (A‘IO)
&51z, (23), BDRXVFHED G &



R R T R B4 42 B39 AR 1) D IR D N BL DR R 477

BR»S C #HETHERNEH5.

C/ (e — &,*)sinh (& h) = chwdAh - (A-11)
(33), (BOREY 6 —&?=2(1~jat%ibh &
RESND, ERICLT G 2R, (36)%2175.

(36)RX % (28)RIMRATHZ LIC LD RAEE5.

- mAML+ﬁ[(a’—$%smh@g)

w= 4a sinh(e, h,)
(e,*— &%)sinh(e,2)
—_ sinh(eth) ] ........................ (A-IZ)

(33), (34)_itc1: H 512_ §2=(1 ——j)a, 522— 52=—(1
—Pa ki (3)AIESNS.

(38)R % (18)RIMEATH I LICL (B3R EHS.
Appendix V

(15)R; & (46)X & Y E, KRR TE X O %.

E,=— B.w(z)sin(&) exp(— jwd) -+ (A-13)
F72, UNREY E 3%k %25,

Ey=_(a/ay)V ............................... ,.(A_14)
(A-IDRE2BIFTHLIcED (B %2k BH Z &t
T&5.

™ 5
B B, : HREE (T)
B, : FHH#EFEE (T)
D: BEEH (1/s)
D BEL OBEBEILLHBEERK (1/s)
D, B XAEEEK: (1/s)
E: &Y (A/m)
f: BEH (Hz)
F, F,: B . (N/m®)
g g: ENIEE (m/s?)
h: % (m)
ho : BILIRETOWE (m)
Ah, Ah;: W OIRIE, BXOTZFOMNHE (m)
J, J,, J, BEBHREE (A/m®)
j: A (—)
k: BREEOHE (T/m)
p, b: BMEBATOEHIE (Pa)
V& (V)
v, b: WED y HAES (m/s)
w, @: FED 2z HAEES (m/s)

6: ke (s)

6o : O (s)

A HEOWFE (m)

E: WP (1/m)

o: BREROTE (kg/m®)

o: AREEOEER (1/Qm)

D by G BIRBEDONRZ VRT3 vV (A/m)
w: ToMEREE (1/s)

o* EBRL L 2-ARER (—)

w,, w;: 0 DEFERB X CEEE (1/s)

Wy k=0 DFEOARBEBOERT (1/s)
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