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Some Turbulent Fluid Flow Problems in Steel Processing Operations

Julian SZEKELY and Shigeo AsAl

Synopsis:

Through the use of turbulent flow theory a mathematical representation is proposed for a range of
steel processing operations where turbulent mixing plays a major role in determining the efficiency of
the process. The resultant differential equations were solved numerically, using a digital computer.

The examples discussed in the paper include mixing in argon-stirred ladles, the flow patterns in the
liquid pool of continuous casting systems, the flow field induced by an electromagnetic force field in
continuous casting and flow patterns in rimming ingots.

The computed results indicate that velocities as high as 30 cm/s may be found in these systems and
that the eddy diffusivities may have values as high as 500 cm?/s. The computed results were found to
be in reasonable semi-quantitative and in some cases quantitative agreements with results of experimental
model tests. While the computer requirements are quite substantial, some 5-10 minutes on a CDC
6400 (state university of New York at Buffalo), the approach outline here seems attractive
because it provides a much improved insight into the structure of the fHow field and a more solid basis
for further studies of inclusion coalescence, inclusion entrapment, electromagnetic stirring, and mass

transfer in steel processing.
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Table 1. Numerical values of the parameters used
in the calculation of Figs. 8,9, 10 and 11.

Diameter of mold 11'5cm
Diameter of nozzle* 3cm
Mold length* 50cm
Casting speed 3-17cm/ sec
Casting temperature 1550°C
Carbon content 0-119;

Equilibrium partition coefficient 0-2 (—)

Heat transfer coefficient i , o
the. told** m 00306 cal/cm?sec °C

Heat transfer coefficient belo .
th;amofd** W' 00258 cal/cm?sec °C

Thermal conductivity of steel  0-827 cal/cm sec °C

* These were guessed.
** These were estimated from reference (24).

r (cm)

I ! 1 L ! ! 1 I

CJO 40 80 120 150 200 240 280 320 360
Z (cm)

Fig. 8. Comparison of the computed profiles of

solid fraction with the experimental

measurements of the shell thickness ob-

tained by UsHijimMa22),

 ———— 19004
) \ 1 000
I 100—

a 1 200—
_ 1 300——
53k | 400—__|
N 1500 |
2
I 1550t 1540 1530

0 1 1 1 ] i [ 1 1 L
O 40 80 120 160 200 240 280 320 360
Z (cm)
Fig. 9. Computed temperature profiles for con-
ditions specified in table 1.
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Fig. 10 W 3ghbm0EERS, Vz, OFa 7 4 —%
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¥, {cm/sec)
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Fig. 10. Computed axial velocity profiles at various
axial positions (z) for conditions given in
table 1.
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Fig. 11. Computed location of the non-metallic
inclusions for 100 particles for conditions
specified in table 1. The broken line in-

dicates the curve corresponding to 10

solid fraction.
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Fig. 12. Computed values of the effective diffu-
sivity in cm?/sec.
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100y DANFEWILDITLALERHEEIND L LK 5.
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A EEN, P ELEEEMIC LRI Fo
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Bf2i1c, Fig. 12 & Fig. 13 KR AMRAS T4 4 7D
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Table 2. Numerical values of the parameters used
in the calculation of Figs. 12 and 13.

Size of mold 20% 170cm
Diameter of nozzle 6cm

Mold length* 50cm
Casting speed 1-2cm/ sec
Casting temperature 1550°C
Carbon content 0-1259;,
Equilibrium partition coefficient 0-2 (—)

Heat transfer coefficient in the mold**0-0306 cal/{cm?2s °C

Heat transfer coefficient below
the mold¥*

Thermal conductivity of steel

0°0258 cal/cm?s °C
0-0827 cal/cm s °C

* This was guessed.
** These were estimated from reference(24).

'3 T
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Fig. 13. Comparison of the computed concentra-
tion profiles of Mn with the experimental
data by Fujir et al24).
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Fig. 14. A sketch of a continuous slabe caster
with electromagnetic stirring.

Table 3. Numerical values of the parameters used
in the calculation of Figs. 15, 16, 17,
18, 19 and 20.

Field size 20 100cm
Magnetic field length 50cm
Casting speed lem/ sec
Frequency 30 cycle
Magnetic field intensity at the

melt-solid interface 470 gauss

1'4%X10-6 Om
1'26 X 10-Hm-1

-Specific resistivity
Magnetic permeability

PR ERATSLBEXLNS. ZOXSRERAT
FRENBBEREALLLICHET 5 Z LIIRETHY,
HRANCMADEAEET D & ANEEhE. T0kD
25 WRBALAFEERVS L LB TES.

Fig. 14 TR LXK SR T 7RI Mg, T —
K bdH 5B T ohE CATHERAYERNCLD
BT 5. coREELTEELIREELAR S Table 31
Y.

£ (dyne/cm?)

X—x (cm)

Fig. 15. Computed body force profile induced by
the electromagnetic force field.
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Fig. 16. Computed streamline pattern for the con-
dition when the electromagnetic wave
propagate in‘thé upward direction.
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Fig. 17. Computed velocity profiles for the condi-
tion when the electromagnetic wave pro-

pagate in ihe upward direction.
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Fig. 18. Computed turbulent energy for the con-
dition when the electromagnetic wave
propagate in the upward directions.
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Fig. 19. Computed streamline pattern for the con-
dition when the electromagnetic wave
propagate in the downward direction.
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Fig. 20. Computed velocity profiles for the con-
dition when the electromagnetic wave
propagate in the downward direction.
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Fig. 21. Sketch of a rimming ingot.
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Fig. 22. Computed streamline pattern for a rimm-

ing ingot.
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Fig. 23. Computed velocity profiles for a rimm-
ing ingot.
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Fig. 24 Computed turbulent energy profiles for a
rimming ingot.
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