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Numerical Analysis of Molten Steel Flow in a Continuous Casting Mold by Use of Large Eddy Simulation

Tkuo Sawapa, Yutaka Kisua, Kensuke Oxazawa and Hivoyuki Tanaxa

Synopsis : The authors developed a numerical simulator which can conduct transient calculations of molten steel turbulence in a
continuous casting mold based on large eddy simulation model and compared the calculated values of fluid velocity with

the measured ones in water and mercury models.

With respect to time-averaged velocities in the upper region of mold, a qauntatively good agreement between the
calculation and the measurement in a water model was obtained. The calculated turbulence energy spectrum near
meniscus agreed qualitatively with the measured one in a mercury model. The turbulence fluctuation with higher
frequency is generated due to the velocity fluctuation at taps of immersion nozzle which is caused by fluid instability at

the inner bottom of nozzle.
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Fig.l. Mesh arrangement used in the calculation.
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Fig.2. Asymmetric fluid flow at 1/2 thickness of mold
which is developed artificially supplying asym-
metric inlet velocities(t=64.0[s]).

Table 1. Comparison of L/u, Re, Fr among three

models.
L/ e Re Fr
Real Machine 2.1[s] 867708 2.9
Water Model 2.1[s]) 743750 2.9
Marcury Model 1.9(s] 1740800 1.7
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Fig.3. Calculated time evolution of fluid velocities at
1/2 thickness in a water model by use of large
eddy simulation.
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Fig.4. Effect of wall function on the calculated fluid
velocities at 1/2 thickness of mold: a)laminar
shear condition, b)1/7 power law, c)two region
model (log law).
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Fig.5. Calculated time-averaged velocities at 1/2 thick-
ness in a water model.
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Fig.6. Measured time-averaged velocities at 1/2 thick-

ness in a water model.
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Fig.7. Comparison of time-averaged velocities in a
water model between the calculation and the

measurement.
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Fig.8. Calculated time evolution of velocity (x-compo-
nent)near meniscus by use of large eddy simula-
tion.
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Fig.9. Measured time evolution of velocity (x-compo-
nent) near meniscus in a mercury model.
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Fig.11. Calculated turbulence energy spectrum of veloc-
ity at the tap of immersion nozzle.
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Fig.10. Comparison of turbulence energy spectrum of
velocity near meniscus between the calculation
and the measurement.

OHMIEBILL 3 2 ELE T A v F— 227 b v DRMEAES
PRT. BLRZ ANFE —OWE HIRIE A = A A ALEDH
L bASREER->TVAEELE b, 0.4~10.0[Hz]
B SR T AN F — D — 2 H R 6 5 Fig 121342
& A oEAOBEHR DX T 2 HRLORHZE
BOFERRELRT, 0.1~ 1 [s] BEDOHERMOEE L,
¥ [s] OERBMOEEHEIFHH NS,

Fig.13-a), b) FFE TR 6 /2@ ¥ & 7 AV HNTRED
BRRME % B H iy o RICERE R T, 7 AVATEHO
SO IEETHRNLIE , AV L bFineE s5AAT
HH O TS Fo o EESRIC > TE Y, $EkD
HEYDP Fig. 6 LMY —EKL TV 5, 2727 AvATRNIE
REECE->TwY, EEFFTEER GHRE) 0T
Fig 142X %R T & 5 2107~k [Hz] OALE LIRE)
ZENHEE S 1z, Figl13-c), d) CFHETKD 6 iRy
5 2 AVFE OBRME 2 8B R b RICERRE R T
ZOWEMIC b Fig 15X 2 RT & 5 2101~ % [Hz] %
FEDAKHELRRNDIRE VBRI NG,

14
g f\ /
sl | |
=10}
-l
& j( _
0.9 (
0.8 ' s s : ]
81.5 825 835 845 855 86.5
Time (s)

Fig.12. Time evolution of the ratio between flow rate at
Elh?“ glght tap Q (right) and one at the left tap Q
eft).
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Fig.13. Calculated snapshots of fluid velocities inside the immersion nozzle: a), b)View from wide face, c) d)View

from narrow face.
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Fig.14. Schematic illustration of oscillatory flow inside
the immersion nozzle (View from wide face).
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Fig.15. Schematic illustration of oscillatory flow inside
the immersion nozzle (View from narrow face).
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