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Analysis of Continuous Casting Powder Entrapping Phenomena by

Water-model Experiments

Hiroyuki TANAKA, Hidehiro KUWATORI and Ryoji NISIHARA

Synopsis :

Mold-powder entrapping brings a serious problem of steel sheet defect caused by inclusion.
It is caused by moldmeniscus flow, immersionnozzle Argon bubble burst in mold meniscus or sacking by
voltex near the immersionnozzle. The present paper studies the effect of continuous casting condition on

voltex growth by the watermodel experiment.

The voltex growth is found to be strongly affected by maximun flowrate and immersionnozzle depth, and

partially affected by powder viscosity.

It is found to be little affected by mold meniscus velocity and immersionnozzle shape.
Key words : continuous casting; steelmaking; inclusion; powder entrapping phenomenon voltex ; water-model

experiment.
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Table 1. Experimental condition.
) 2, : 860~900 (kg/m®)
Oil property | 37" 5 18x10~3~16.2x 103 (Pa-s)
Operating
condition | Feeding rate | 1X107%4~6.67x1074 (m%/s)
Nozzle depth | 30~100 (mm)
Model size 80( T) X400~600( W) <1 000( L) (mm)
Model size | o /1o Outer diam.: 30~40 (mm
conditions | Outlet size : 204, 20( W) X 30( L) (mm
Table 2. Qil property.
Viscosity (Pa-s) Density (kg/m3)
1 16.2x1073 9.0Xx 102
Il 5.4x1073 8.8X102
1] 2.2X1073 8.6X10?
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Fig. 2. Relation between voltex depth H and
water-feeding rate Q.

2.7 CH0H, BESLOBEFRIIZ(1)ROBTERT LN
T&5.

H= Cp+ Q%7 +eoeerreremmmmumummmmiiiininiiiiiiieenn (1)
B, MPIcEiE/, ANVosES 30mmg OFE E 40
mm¢ DL LY TRLTH AL, BETHBOES
L TIRRIE 2 AVAMEOLEE, 4Dl0EREET
EEZE NS (B R AR

COMRIZEDRIE ) ANVEFEICRET HIICE BN
W ¥ —DEAMMBHBHEEOHENKE VI L DHE
Shah.

Riz, R, ) AVoEgHEE—ICLT, RERS %
B¢ BAa0mES L kOB EE OBKRE
Fig. 3I3/RT. 2T, RERS L@ A=A 2P 5
BiE AV O 0E s colg4Rd. Fig. 3256
BEESEPECTAIHEY, A—0KOfHGRET LN
DERBWNEL TR I ENDPE. RIZFE—DK
DB HKBENOTORMES LBRERS LOMKYE Fig 4
RT. B&Y, WESGBERRSICIERIFL T
D, MESCHTHIBEESOEBIUTO(2)XTE

3-2 RFLICATIZERERFOIN

Bk L2k, Th3TCOERTEIEBE A Vvolt
HOBKDSE—D b D% HH L TWb 72 KDO BT
BEBIE AN S OHIHGHE L ASIHBERICH o L
Exoh5, BRI, HEYAXDSFE—THS DIl
HWHEE A =AW AFEE ALBIBERICHLEEZEZION
B, FD7=OI, BETHBEOE ST B KOG

%1073
40 l
F—1{ Nozzle size L
309 | 40¢ [(mm)
—1 O [ 30
A A 60
] n 80
™
£ v v | 100
w 10—
jus]

1 2 3 4 5 6x1074

Q (Nai'/S)
Fig. 3. Effect of nozzle-depth on voltex depth H.
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Fig. 4. Relation between voltex depth H and im-
mersion-nozzle depth L.
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Fig. 5. Effect of nozzle-shape on voltex depth H.
1.8 l
L6l—lo] 209 A
Al 20 x300) j>/d
14 /
1.2 >/
S 10 0/ K
\E O
=" d <
0.6
/O /ﬁ
042 }/,_X
0.2 4 v
/]
0 —4
2 3 4 5 6X10

Q CNm> /82

Fig. 6. 'Relation between maximum flow-velocity
U, and water-feeding rate Q.
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Fig. 7. Effect of maximum flow-velocity U; on

voltex depth H.
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Fig. 8. Relation between surface-velocity and

maximum flow-velocity Uj.
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Fig. 9. Effect of mold-size on voltex depth H.
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Fig. 10. Effect of oil property on voltex depth H.
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Fig. 11. Schematic diagram of powder sacked
phenomena.
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Fig. 12. Effect of casting-condition on voltex 5 g
depth H at same oil property (No. I).
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Fig. 13. Effect of casting-condition on voltex
depth H.
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