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Suppression of Mold Powder Entrapment Using Immersion Nozzle of Elliptic Cross Section

Jin YOSHIDA, Manabu IGUcHI and Shin-ichiro YOKOYA

Synopsis : Mold powder descends along the surface of the immersion nozzle due to pressure difference around the nozzle when an uneven molten steel

flow suddenly crosses the nozzle. If the descending mold powder arrives at the port of the immersion nozzle, it is torn off to many small par-

ticles by the discharging molten steel and carried deep into the mold. This type of mold powder entrapment can be suppressed by decreasing

the pressure difference around the nozzle. In this study, an immersion nozzle with elliptic cross section was chosen, and cold model experi-

ments were carried out using salt water and silicone oil as the working fluids. The descending distance of the silicone oil simulating mold

powder was smaller along the elliptic cylinder than along a circular cylinder. As the ratio of the minor axis to the major axis of the elliptic

cylinder became smaller, the descent of the silicone oil was more effectively suppressed. The effect of the wettability of the elliptic cylinder

on the descent of the silicone oil was also investigated. Poor wettability promoted the descent of silicone oil significantly.

Key words : continuous casting; mold powder entrapment; immersion nozzle; particle imaging velocimetry; water model; elliptic cylinder; wettability.
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Fig. 1. Schematic illustration of mold powder entrapment.

FRI13FE 11 H26 B2+ PR 1442 F 7 HZEE (Received on Nov. 26, 2001; Accepted on Feb. 7, 2002)

* ALV K ¥ KFFRE (Graduate Student, Hokkaido University)

* 2 JLMEE KPR FEE TR 728} (Graduate School of Engineering, Hokkaido University, North 13 West 8 Kita-ku Sapporo 060—8628)

* 3 HA LA (Nippon Institute of Technology)



5, BTLEE—L RSy & — A ILETETS L,
BMUOCHERICEOM» L AT Eh Tk xiAEn s, EH

S ZhETOMEIIBWT, BE/ ANLDEAESRE—
LRSSy X —DRETIZRIZTEEEIHLNIZL, 5 D%
ALD ) ICEELTRET S Z L E2REL R, S)
D& EFABE I, BEO A =2 h AFOEIE ZIAL
DRETBEHERFE LD /N A5 K ICHIEAT LK
Wy,

BED L Z 5, $BRINOESGS 2 HIE T 5 FHRELT
BTV —FBNELHOWLEA TS 2D, KES2 X,
100mm JEDHERN X T 7 EEFIZH WV TEHEEE H 5Sm/min
DBE, BTV —FOBREE L 045T I2FHEA =R
B AFEE K 03m/s ICHIBAINBETH B L MEL T 5,
Stk O ERIL AR L 722 - THETRIT L DK
X kBLEZOND, LA -T, BHHEE 2 HIET 5
i, k0w EBR L —FEHMLZFHIEE S K,
IxLF—aZX bOBANrLEL S, ERT L —F LS
DELINE-TFTEIALEEhE, ZOFEO—DLLT,
J ZANDWER EENENE CIZS WBERICT S Z LA
Zibhbd, ZOX3ITTHE, 5 OEZAABIHIT
X AT VEBOREIHAONBE I LITKD, AET
2, Bl LMWK E L TERZEMECIZ < WEN
WicEB L, BREAKLELOFHBEDY )2y F 4 L&
WTI— A FEFLEREZTY, REFAKERE[LZOTH
&5 5,

2. RBREKELFHE

EEEEBEOMES Fig. 2 IIRT, Y-V —DTL—AI
DBLTCHIEHBREWT 7 ILETHD, 414 XI3E
W=1.000m, JE& B=0.100m, & L=0200m TH 5, K
MR T, AHO RN 2 RiEE LR RN & 5 RERH
RRELTERE A5 2B 25848 4, SER
AR B A AV TERET -7z, £72, S TELER
THIYIS Z & #8E LT, HaDMEFIAE L 0=10,20deg.,
REOOEEEE % Q=27,38, 18.7deg/s IZHEL 72, &
moduilcid, BE ANMICRSYTET7 LI = L8N
HAEAS LB EE, »OEMO R L FHOWESEAF
kb & ICHB Lz, AEBRTHOEHEDOY A X
A Table 1 12 F ., &HEMIZIE, BT L F)ig 48—
DEYEL LTRIEKE VIV AN ERBDOREI A1
LB LIS L, EBRTHMHL ZHRADIREIZ 298K
ThHO, YA Table2 1277, 22T, F LI ERE,
HFE 2 I3 TREAETRT, Siliconeoil 2 BEDL YAV F 4L
LRBOKFIZ, Bfid mmYs TRLUZBREOHEEZEL
T3,

ERTIZ, Bl AL EBRRHOFEAENENT A4S
NTW3, LaL, 7L 3=y s8loErs L EsiE e

37

FEEWEAET 53E / AL B E - B3y & — B EAAAH

Silicone oil <
Elliptic cylinde;
Salt water

(a) Vessel

Laser sheet

Rotation

)

CCD camera

(b) Bird's-eye view

Fig. 2. Schematic illustration of experimental apparatus.

Table 1. Dimensions of cross section of elliptic cylinder.

D, . |Di(m) 0.04
‘
;D D, (m)| 0.01 | 0.02 | 0.03
Y
g D,/D 025 | 05 | 0.75

Table 2. Physical properties of liquids (298K).

Kinematic . Interfacial
. . Density .
L viscosity tension
Liquid
vV P1:P2 O12
(mm2/s,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

Td 5 REKDEMAZ 60deg. Th S 7=DIFENHEAR
VW, 227, MR E BEAOFENELELS T5720
12, FEMRREICBARH 2B L 2R FIcB LT ERE
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BEARBIZIEZFL YD ARY B HESEEO
KitAaE, Pvarvir4nfizizR)zFL vE# O£ b
L—H—L LTHRALY, PL—H—LBRBHEE TS
0, KiiEi275~150um TdH 5, 5Ml, Silicone oil 2 & [FIE
BORTHRY 75 B Hh - 727291 Silicone oil 2 {213 b
L—H—RTFAEBALTOEL, L2 LT ISRLE
E31z, Yy avi A LOBKEES 10mmYs LT Tid, &
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Fig. 3. Maximum descending distance of interface around
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2].
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Fig. 9. Velocity history of salt water flow [Silicone oil
100, D,=0.03 m, 6=20deg., 2,=2.7deg./s].
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