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Influence of Molten Steel Flow on Inclusion Behavior near the Solidification Shell

Kensuke Oxazawa, Akihito Kivose, Tkuo Sawapa, Takehiko Tom and Eiichi Takeuchr

Synopsis

: In in-mold electromagnetic stirring (EMS), horizontal flow is generated by Lorenz force so that non-metallic inclusion

entrapment is avoided. Though the effect of EMS is popular by many reports, there are few studies about the behavior
of non-metallic inclusions near solidfied shell under horizontal flow. In this study, a model experiment using water and
particles made of ion-exchange resin is performed to analyze relations between behavior of non-metallic inclusions near
solidified shell and horizontal fluid. As a result of the model experiment, it is cleared that the main factor avoiding non
—metallic inclusion entrapment is the force given by the horizontal flow and that influence of Saffman force can be

negligible.
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Fig. 1. Experimental apparatus.

Table 1. Particle quantities.

material ion-exchange resin
density 1010 (Kg/m)
size less than 6x10 %m)

Table 2. Experimental conditions.

solidification time 20 (min)
water volume 1.2x103m3)
total volume of particles 6.0x10"Xm 3)
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Fig. 2. Flow velocity near solidified shell.

FEDIL?, FRINEFERE T3 TELL L, EB
T OO0 ~600umDKLT (Table 1)1, 14— —/h3
O ~60umDIESRBAEIF S I 2 —PLTVBI LI
5, '
2.3 HFERFBOREZNEE
BFEREIEE L CEEOMEPRE LY, EBRO
BB BIRT B0, S, b T REEEORBE YT
ilis %,
BF LA EEZECER T 2 8T DF EEEu, i, L
TERTAMN—22AFERSIOFRMT 22 LTS 5,
_ (pp—p)d’g
Upp = 18,
RITL, pol 3B FOEE, o ldiiARDERE, AR FOHEE,
GRRENEE w3 ERZRT. (2)i20=1.01x10°
(kg/m®), p;=1.00x10%(kg/m?, d= 3 X10~5(m), g=
9.8(m/s?), ©=1.8x10"3(kgxXm-s) #fCAT 5 LT L&
BE1X2.9X107*(m/s) £ e B, S 61, BIFDOF 7= hiC
& BEE U,
1
w0 =td [ @) v
TRINB, 20U, yREERED 6 OHEHE, u lXEEER
HIETRMEL 2 F R/ L Te T, Fig. 2 1R T &
CuldyOBEEBTHE, Thbb,

............................................. (2)

w=u(y)

LERIND, 7, BHIRETI00VO L 5 DK AL % Fig.
2 DUy ooy CHMBT 5

‘fi‘; =167 (1/s)
s, (5)E(2)THRALILZ Z20MOBEE (3) KA
ToE, RTDOF 7= 0 2EEIRL.4X104(m/s) &
7 %, Fig. 2 D#EEI SR HEEAED/KRDEE Z T 5 LB TFOD
FEEELY 7L 3 EERIER AN THY, E

xR



BRTKERTOEEZ GERT 2 FFENR LV EH 2
Z)o

3. REBREER

3.1 MFHERBICSAHENTE

Fig. 3 1%, A & — 7 —iBH@Esm it 5, BEE SR m i i
DA IR TEROELZRL TV 5,.Fig. 3 & b £EEIFH
CECY A F AR, BHSERE LT — 1 (BR S ERE)
Bz 5 LEIERT 52 L b5, 2 OHENE, Fig. 4 128
LICERDBEESRE 7 0+ 2123\ 2 IEMkE L SR
MORERE & = v~ DRI BOEmEF R FHHEL TV 5,
3.2 FUEEMIC & SHRFHREAEERDRN

BRIERF

Fig.5 & b, #EE R~ DR F ORI EIE, /K CxT¥ 281
FORBEOENACIHITIFIL THEMT 22 b5,
DI LR, RFRIEOHERD b CIIAHAIERLRLT D%
BIRE~DHIE~G 2 s HEVLL - LERL TV 5,

———— ,

ey © o

g 38 T
5.8 o ’
gg 6f o) o 4
‘?% at .
e 27 o ]

(@)

0 1 1 1 1
20 40 60 80 100 120
Degree of stirring (V)

Fig. 3. Relation between stirring and number of
particles into ice.
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Fig. 4. Relation between molten steel velocity and
number of inclusions into slab.
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Fig. 5. Influence of total particle rate to water
volume on particle entrapment.
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Fig. 6. Trajectory of particle in 70V.
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Fig. 7. Trajectory of particle in 100V.
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Fig. 9. Distribution of particle size.
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Fig. 10. Distribution of particles near solidified
shell.
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Fig. 11. A case under influence of Saffman force.

4. &

Tuj

EMSZk EDEMCR NG, FME /KPP LIE S
DIEEBATEY DEERE > = v~ DIHIESEEALIRII R D X &
=X L PRAT 2 HWT, KL UOA4 4 ZHREIEROR
FEMCLETVEREAT- 12, RROBR, HEREE
FECTER - TRz LIEEIDEIL, F7=hd
HMRPEET 22 L e, RIFIXEERE R PEIT 2N
o hERY B ERFE~OMREV I3 NS Z L
bhbotz, 72, 7= 2 Fy I REkE R R L 7ok
FOURE LT L 3D, EERED 6 M S CETER
LTWwaAZEbHBHLTIS

X B

1) &, sk K, Z[BF$E, (LA, §F-hie  peL >
v+t 2, 1(1988), 1220.

2) BHEPAA, EIRE—, BH & KERE $EEZ HRLT
vt R, 7(1994), 1195.

3) D.R.Uhlmann, B.Chalmers and K.A.Jackson: J.Applied
Physics, 35 (1964), 2986.

4) G.F.Bolling and J.Cisse : J.Crystal Growth, 10 (1971), 56.

5) FIFFENEE, Ak K 8k L8, 80 (1994), 533.

6) FOMTE, L E gL, 78 (1992), 423.

7) S.I. Rubinow and J.B. Keller : J. Fluid Mech, 11 (1961), 447.

8) P.G. Saffman: J. Fluid Mech, 81 (1965), 385 ; 31 (1968), 624.

9) Q.Han and J.D.Hunt: J.Crystal Growth, 140 (1994), 406.



