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Water Model Experiment on Mold Powder Entrapment around the Exit of Immersion Nozzle
in Continuous Casting Mold

Jin YOSHIDA, Manabu IGUCHI and Shin-ichiro Y OKOYA

Synopsis : The problem of mold powder entrapment in molten steel in a continuous casting mold continues to be a serious obstacle to the producing of

clean steel. Four types of the mechanisms of mold powder entrapment have been proposed on the basis of water model experiments. These

mechanisms, however, cannot fully explain the size distribution of mold powder in the finished steel products. In this study, another type of

entrapment mechanism was proposed. Namely, when the molten steel flow crosses the immersion nozzle, the pressure on the forward stagna-

tion point increases, while that on the rear stagnation point decreases. As a result, the mold powder moves downwards along the rear surface

of the immersion nozzle. If the mold powder reaches one of the ports of the immersion nozzle, it is sucked into the discharging molten steel

flow, which causes significant mold powder entrapment. In order to ascertain the validity of this proposed mechanism, water model experi-

ments were carried out using various kinds of silicone oils and salt water. The results of the model experiments revealed the possibility that

the mold powder entrapment based on the mechanism proposed in this study takes place in the real continuous casting mold.

Key words: continuous casting; slab caster; mold powder entrapment; immersion nozzle; particle imaging velocimetry; water model experiment.
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Fig. 1. Schematic of mold powder entrapment.

NIV HFATEBD EABRETARE E—L ¥ &4 —D
RENHEESEL, TP —235XAEh 854
AERL TS, ZOLE, BE/ VO 5 EEEIC
KA LA TAIHAEWEEXREE @ B#HE - ¥
NG & —DRETAET 25650208815 5,
(5) BiE/ ALK TOENEIZLSEEZIAAL

P EOATEEAREZ TIZZELION TS E—IL KISy
H—DEZALBHETH DH, BT E- B35 XALE
KTH 5D DOOTOMRMELHINIZ R S Thkn, &
IZ, EOEFTLTREZAEZNAZE-IL FIST X =2
HUTHERIINE LRI EZER 9% T HHHATE B0,
KRBT, BEHESIIHND # 4 TO%KXALEHE L
BET 2. BROFHFEACEMN ZBREARA U TEH#TR
WRE /AN EMUIBEE, BB/ ANFTHDLEAET
BEHAEML, BAFDOXEBETRIEN»EDTS, L
T T, BiE/ XILHTH TRE#MPRE, A EREIC
B-oTERL, HWIZBATRE-L YT —DNFE /X
LEEIZB->THETITE, BFLAZE—-L /34—,
BRE S/ AN E TET S &, Fig 1-(SHIRT &SI
ERRDEHTRIZ & > Tl S TEHP NS ZA F
Nb, LD ->T, ZOEA4 TOBEAADERFIZREI -
TWBDTHIE, Wk OBE» B/ -MR T4
bOHBEMFPICBZ RN I EEFEDSY X —DEHET S
EV)HFOEPELLSFHATEZ S, ZOBIAARBR %
FET B2, KIFETEIREALEADERKED LY
AVFANERCTETVERET - 72, WEIAOBE IR
FE{RHHETPIVY D2 W THIE L7z, PIVIEZ, KT
%S &5 BENLZFTNOBE 2LV EE D - THlE
T HGAICRE L TUHETTH B,

2. RREEBELTE

EEBREBEOME% Fig. 21281, Harid, ERO 124
4 ZXDOWE W=1.000m, JEH B=0.100m, £ & L=0.200m D%
M7 7 VLVBIEGTH D, eI, BIE/ AL
RETrE7 L ISMEA2RS R EEICRELZ, 7L

10

CCD camera

(b) Visualization of transverse section of vessel

Fig. 2. Schematic of experimental apparatus.
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Table 1. Physical properties of liquids (298K).

Kinematic . Interfacial
. . Density .
L. VISCOSIty tension
Liquid
v, V2 P1P2 O12
(mm?/5,cSt)| (kg/m3) | (mN/m)
Salt water 1.0 1013
Silicone oil 2 2.0 873 52.7
Silicone oil 10 10 935 52.7
Silicone oil 50 50 960 52.7
Silicone oil 100 100 965 53.0
Rotation

(\ Circular cylinder
Silicone oil —» [ |

P2 V2 <4— Salt water

Fig. 3. Symbols used in this study.
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Fig. 4. Deformation of interface around cylinder [Silicone
0il 2, D=0.03m, 6=10deg., £2,.=18.7 deg./s].
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Fig. 5. Velocity vectors measured with PIV at transverse
section in salt water layer [Silicone oil 2, D=
0.03m, 6=20deg., 2,=2.7 deg./s].
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Fig. 6. Velocity vectors measured with PIV at longitudinal

section in salt water layer [Silicone oil 2, D=
0.03m, 0=20deg., £2,=2.7 deg./s, =2.0s].
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Fig. 7. Change in velocity distribution [Silicone oil 10,
D=0.03m, 6=20deg., £2,=2.7deg./s].
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Fig. 8. Change in velocity distribution [Silicone oil 100,
D=0.03m, 6=20deg., 2 =2.7 deg./s].
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Fig. 9. Distance from wall of cylinder to maximum de-
scending position [Silicone oil 2, Silicone oil 100].
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Fig. 11. Maximum descending distance of interface on
wall of cylinder [Silicone oil 2].
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Fig. 13. Maximum descending distance of interface be-
hind cylinder [Silicone oil 2].
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