1696 % ¢ @ # 76 4E (1990) %105

© 1990 1SLJ
I

a3

111111111711111717

WY P VICET R BT O T To
A& E IR B O R E S E)

INERZ* KT BRZHE RS b

Damping Behavior of Molten Metal Wave Motion in Imposition of
Stationary Magnetic Field Parallel to the Wave Vector

Toshiyuki KozUkA, Makoto KINOSHITA, Iwao MUCHI and Shigeo ASAI

Synopsis :

Suppression of wave motion by imposing stationary magnetic field, is attractive since magnetic field can
act on molten metal without any contact with contamination source and stationary magnetic field requires
smaller investment and running costs than alternating magnetic field does. This technique is applicable to
some processes such as a twin roll, a single roll, a conventional continuous casting and an electromagnetic
casting, in which the surface wave molten metal leads to instabilities of the operation and surface defects.

In this work, basic equations describing wave motion under stationary magnetic field imposed parallelly to
the wave vector are derived taking into account the three-dimensional velocity distribution. A dispersion
relation under the condition suffering the stationary magnetic field is derived so as to get a damping co-
efficient of wave motion. And the results of this theoretical analysis are valified by experimental works
measuring the damping coefficient.

Key words : electromagnetic metallurgy; electromagnetic processing of materials; magnetohydrodynamics;
wave motion ; wave theory ; direct rolling; twin roll ; continuous casting ; electromagnetic casting.
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Table 1. Experimental conditions.

(a) Experimental conditions of this work

Size of pole piece 100 mm¢ -

Gap of pole piece 110 mm

Width of reservoir 20 mm~40 mm

Liquid depth 11.5 mm~28 mm

Frequency of wave motion .1Hz

Wave length 95 mm

Wave amplitude ~2 mm

Imposed magnetic field ~0.41T

(b) Experimental conditions of KISHIDA and TAKEDA's work®)

Width of reservoir

Liquid depth 40 mm
Wave length 320 mm
Imposed magnetic field ~4T
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(6 )Romli (v X) BEA S, (4)X&(9)K
THWBERKE/S.

VXV X¢=— dOB/3t+ oV X(vX B) -+ (A-1)
Ny MVEEE 10)RICEKVEBDRRDL ) Xk 5D,
VXV X¢g=(V-¢) ¢— Vig=— vi¢ (A-2)
L CWAEFRBSHFEERIC L DAL HREBHICE
NTHHFIRANEVERLRTIENTELRAICR
(A-DKOAVE 1 HIERTH LN TED. T,
LoTHII N PiEEE (1)RXE v-B=0I2XY XK

RDKIHIIHR 5.
vV X(vXB)=v(Vv'B)—B(V-v)
+(Bv)o—(vV)B=(BV)v—(vV)B

(A-2), (A-3)RX %2 (A-D)RICRAT AT Lick (1)
NEH5.
Appendix I :
BEBROKTIE, 5 s HAOMEBILLST widFITL
ShiEbzwv. LaKsT, (B)RrskRofEM%
B5.
0=£x(0)-cos (&x)-sin (&y)-exp (— jwh)

(A-O)RAEZEMICE Y Lo 2ok, (31)XoEHss
WEIZLD.

372, ERHOBEONE (wHKKE L2 HME) CTH
ol (x=0), 72 z=he TH25)KXFXRK & %
5.

wr, = EX (ho) exp (— jwB ) erreeeereeemsnsnen. (A-5)
BHETMOBAEEEL 2= ho DILED S 1/4 HHRER
LB IC R RIRIECH B 2= ho+ Ah DIIEICEET
B, L7oh o TA-6)RAET 5.

Ah:foeoﬂ Relwpld -oroeeeerrrerememneaneneinns (A-6)
(A-6) KKK L) IHEFTES.
Ah=Rel€X (ho)(1 — j) @} -woreeereererneees (A-7)
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SZTC, Rel i3l | oEKHEEST. (A-1DRA2H,
(32)RX%15%.
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(23), (43)xX % (15)RIAHAT 5.

G7 —(E24 22) §,= — EZGByY wreereeeeeeees (A-8)

IIT, ¢ Y LELVEEE CELT) ThD
ELT, KATHRA.

gzz: (/“,0 (sin h (72)/sin h (Qhg)--ssereerereeees (A-9)
(33), (A-9)3t% (A-8)FIcfLA L, (29), (38)RX % H
WhHE G BRDEIIXhB.

$o = (AN Bpd) 1 — 2 w,0;+ j (0, — &)}

w ix, (A0)R»obbhs L) KEEEHICBVTIRA

DEEWMB DT, do DEBEBIIIEE 4%, Fig 2(c) &

ERCHIN TV BEEMEOBRMIZB VT, (25),

(43)X,® exp (—jwb) DI —1 2B AH. T2bD

J.1t y=0 CTH, y=A/2 TEL %Y, Fig 2(a) 7R

FTEILBREN—THPEL TSI IS, ZLTEHE

Shfcik, B x DFMEICHENATE) yDIEDT

BORE L OMEERICLD : DEEQOFMOANEL

Twh. Fig.2(c) IRERTWALI KA wit 2D

BOHMTHY, BRANDELHEDOHMIZE > TWb,
£ 5

B:HEEE (T)

By, By : ENINBEREEE (T)

D: EBOBFEEL (1/s)

Dy: B OBEBFIC X BB OBFEER (1/s)

D, : BB X B ORWFEEL (1/s)

Dyos: Dy DEHME (1/s)

D, D, OEGHAE (1/s)

E: &% (V/m)

f: B¥% (Hz)

F: BRAEES (N/m?)

g g: EJIINHEE (m/s?)

h: W (m)

ho: BIEREETOHZE (m)

Ah, Ahpey : EHEWHEOIRE, BLOZOMHE (m)

J: FEERTEE (A/m?)

jBBEA ()

21: F2HRONE (m)

p, p:ES (Pa)

v, D:ED y RS (m/s)

w, w:HED 2z FEES (m/s)

wy : WEHIOBEDOAE, 72 z2=he TD w DfE (m/s)
¢ BBROBEHMOEE (1/m)

0: B (s)

6, : WEYOREIA (s)

A:EOBER (m)
E:BERORFHAOWEE (1/m)

Mo @ D@m'—?‘ (H/m)

p: BREBOEE (kg/m®)

o: BRISBOEEFR (1/Q-m)

X: WAL (m?/s)

w: WO AW (1/s)

w,, w; 1 w DEBRIRB L BB (1/s)
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