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Influence of Casting Conditions on Molten Steel Flow in Continuous Casting Mold
at High Speed Casting of Slabs

Toshio Trsuma, Jun Kusora, Mikio Suvzuki, Koichi Ozawa, Toshio Masaoka and Shinobu MivAHARA

Synopsis : Slab subsurface defects caused by mold powder entrapment tend to occur at high speed castig. Behavior of molten
steel flow in continuous casting mold of steel slab was investigated with water model experiments and casting tests at
actual continuous caster.

The results obtained are as follows :

(1) the level fluctuation of molten steel in a mold has various frequency waves and long period waves (0.1 to 0.2 Hz)
are related to surface velocity of molten steel.

(2) water model experiments reveal that the level fluctuation of molten steel is able to be controlled by the
optimization of submerged nozzle desigh and other casting parameters.

(3) a parameter expressing the level fluctuation of molten steel near the narrow side mold (F value), which was
derived from various casting conditions, was found and a method to select casting parameters optimizing the range of
the F value was devised.

These findings have been contributing to the clean steel production at a high speed casting in Fukuyama No.5
continuous casting machine.

Key words : continuous casting ; continuous casting mold ; fluid flow : high speed casting ; level fluctuation of molten steel ; powder
entrapment ; water model experiment.
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Fig. 1. Schematic diagram of water model appara-
tus of mold.

Table 1. Specifications of water model apparatus
and experimental conditions.

1/ 3
Width: 220~930mm
Thickness : 76mm , Length:2.5m

Combination of automatic control
valve and slide gate

Scale factor
Mold size

Control system
of water level

Casting rate Max. 50L/min
Submerged entry Type A
nozzle(SEN)

Angle : 5~45 degrees downward

I nner diameter of SEN:30mm

Submersion depth : 30 ~IOCOMM
He gas flow rate O~20 N{ /min

A
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Table 2. Casting conditions for measurement of lev-
el fluctuation of molten steel in the mold.

Low C Al killed steel ([C] =0.04~0.05%)
Width : 750~ 1550mm, Thickness : 220mm
1.6~2.7m/min

Type: A and B

Steel grade
Mold size
Withdrawal rate
Submerged entry

nozzle Angle : 35 and 45 degrees downward
Ar gas flow rate 10 N1/min
Mold powder Li»O containing powder

i) PUFTAOMEN Y, OCRE LI, 2 RHRNO R
PLEDRE V (1) &7 FEE GHllsm G #) #
AeTllZELL, flEglicr7—237F—& v a—x—Il5
# L, BB EZITC, X (O LV () OHRAEMREBELZK
MCF (7)) ¥4 U, ZnFnoHCHBEREE ACEF, () %
Koz, Table 1 iFEBREHE L LD TRT,

MCF (7) :S:X (t)-v(t+o)dr
ACF, () ={ h(0 h(t+n)dr

22 HRHUSHEHER _
TR BLERAr 5 MR T, 2RHEOEBRORE , A v
(Type AL B, Tablel BH) # v T % OIEES &M%
BELI, 2712, SEEE R X C8I0G b WHE LR b £
B, SHEEEE P LR R G R R T T, /D
RS ER R % $8 2 —F — 2 6 50mm T D BB Bk
B LTSNS HEIEE 2 RIE L7, 272, ZED 6 20mmiE
33T 1 mmi¥EIBgE R 74 2R 2 HR I LIS E 5 D B
PFAE? (TR [ IRE) BEMELRROHEE 2 I1T- 12,
DO BROEN PRI — 7 LTEBBREIZLY 27n P
SEKPHELI, #5852 208 P HEA L, BWEIEL,
WS, WIE2 A v ORI KBEBOFEE b 1T- 12,
HEREBERM% Table 223 LD TRT,

3. REBREKIVUEER

3.1 KEFILEE
3:1-1 EESEREOSHFE NFRENAIL

Fig. 2 a, b 12 3 & OF @ e i O 85 B N TREIR L O
B % RT . RESFEREZIIKIBAITHT 2D Z { A
KALL, BEFE AEOCEFELLTLE 5T, mdshEkr
A A 7 & 3 ik A 3R 0 SFT B N B
2K 2 Aovd b ORE RIS D #2E R, oW LT ES
Pt S OUTVHEGL L 70 5 2%, @SHERE XS REA T LB
KR OB Y BT Y RIS ¥ LRI 2 A v T h
S/KHENCE SN (REM) L 745, KEFNVEROBIE
X B ENRVE 2T DB ERARIL, RIE S AVEED
ML 2D EEMEHmAI-L2DENVHEY, b
DT X — A5 27 DB AL TS RETED D 5
RIEXBA 5 ERELPT UYL LI BHEETD B,

577 IR



M 578 & & $@Vol.79 NoS

: P
a: Qu=22t/min, Qg=10N£/min
b: QL=5.0t/min, Qg=10 Ng/min

Fig. 2. Flow pattern of pouring stream from sub-
merged entry nozzle.
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Mold width{model) : 500mm
Mold thickness{model): 76mm

Water flow rate : 451/min
{&.9ton/min)
[1/35cale water modelJ He gas flow rate : 10.2 Ni/min

(Ar : 10 NU/min)

SEN type {model): B, - 45 deg.
29.5 mmo®
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Fig. 3. An example of level fluctuation of water at
narrow side of mold and its energy spectrum
(water model experiment).
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Mode! mold width:500mn Mode! SEN type: B

Model mold thickness:76mm - 45deg. 29. Smm$

Model water rate:45|/min Data sampling

{Actual caster 4.93ton/min) frequency - 50Hz

Mode! He gas rate:10. 2Nl/min time:200sec
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Fig. 5. An example of mutual-correlation function
(MCF) between level fluctuation of water
and surface stream velocity.
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Fig. 6.

Examples of auto - correlation function
(ACF) of level fluctuation at narrow side of
mold and surface stream velocity.
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Fig. 7. Relationship between surface stream veloc-
ity and average level fluctuation of long
period wave at narrow side of mold.
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Table 3. Experimental values of each coefficient in equations (6), (7) and (8) for submerged entry nozzle Type B.

i ai bi Ci di & &l & & &
1 0.0389 0.0078 18.37 —0.1980 1.0 —1.5893 11371 1.195 1.633
2 | —03202 0.0305 107.33 —2.0679 0.0120 —1.5662 1.1647 0.726 2.186
A B 1 m n p
0.3716 100.9 —0.651 0.745 —0.507 —1.165
2T (Y, 25} Mold width
QO RO, D 5 —ERBE TR L T - ~ Key (mm)
€ Gas flow rate ; O~20N2/min o 900
% H%, & QOIEHGTELIE O PIGNLE LIREE 2 AV, E 20| Cesting rate ; 1.4~5ton/min o 1500
M L U AKX AR TKELS M, SRIERRE S % g | Submereednozle peiagap 0 2100
VDS IIIMEAFE L v, E 5 [mmersion depth ; 00~300mn .
@F AR S AALBLHPLT L, hBLHEEILRE 7, v § . ®
SR & O R R B 3 1o} o ©,00%0°
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QL ,; Casting rate of molten steel, m3/sec

Ve , Collision velocity of stream, m/sec

o ; Outlet angle of submerged nozzle, degree
© , Collision angle of stream, degree

D , Distance of collision point from meniscus, m
P ; Density of molten steel, kg/m?®

W ; Mold width, m

Fig. 9. Definition of level fluctuation parameter (F
value).
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Fig. 10. Relationship between level fluctuation at
narrow side of mold between F value
(water model).
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Mold Width : 1600 mm

Mold Thickness : 230 mm

Steel Flow Rate : 5.3 ton/min
Ar Gas Flow Rate : 11.1 Ni/min
SEN Type :B, - 45deg.83mm dia.

Actua! Caster,

/Xh)‘level fluctuation at narrow side of mold
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Fig. 11. An example of level fluctuation of molten
steel at narrow side of mold and its energy
spectrum (actual caster).
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Fig. 12. Relationship between level fluctuation at
narrow side of mold between F value
(actual caster).
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Fig. 13. Comparison of collision velocity of pouring
stream between calculation from regression
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