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Model Analyses on Pulsating Mixing Process for Ladle Refining

of Molten Steel

Tetsuya Fujit, Yukio OcuUcHI, Norio SUMIDA, and Toshikiko EmI

Synopsis:

Pulsating Mixing (PM) process has been devised for refining molten steel in ladle. The objectives

of the new process are summarized as follows:

(1) Retaining the same ability in deoxidation and alloy trimming as those of RH treatment.

(2) Minimizing the contamination of steel, such as rephosphorization and reoxidation, arizing from
top slag during the treatment.

(3) Significantly decreasing operation cost and investment in comparison with those for RH- or
DH-process.

Water model experiments have been carried out with a 1/3 scale model apparatus for investigating
the feasibility of the process, showing that the process satisfies the above requirements. A mathematical
model has been developed based on the water model experiments for the basic designing of a com-
mercial scale PM facility. The dimensions and operational conditions of the facility have been discussed
to achieve the same stirring intensity, hence the same ability in deoxidation treatment, as that

obtainable in RH treatment.
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Fig. 1. Principle of PM process.
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Fig. 2. Schematic view of experimental
apparatus.
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Fig. 3. Water level vs. time curve.
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Fig. 4. Water level vs. time curve.
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Fig. 5. Relation between period of oscillation
(T) and mixing time, .
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Fig. 6. Change in difference in temperature with
time between water in tube and in ladle.
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Fig. 7. Schematic representation of PM process
with notations for the mathematical model.
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Fig. 8. Comparison of observed and calculated
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Fig. 9. Relation between rate of supply of stirring
energy (&) and perfect mixing time, r.
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Table 1. Standard conditions for calculations.
Tube dia Immersion Maximum Minimum Rate of Period of
* depth pressure pressure pressurizing pressure change
300 mm 600 mm 1.39atm 0.3¢atm 2.63 atm/s 4.0s
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Fig. 10. Effect of rate of pressure increase (dp/
dt) on the stirring energy supplied by one pulsa-
tion (W).
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Fig. 12. Effect of minimum pressure, Py ;,, on
the stirring energy, W, supplied by one pulsation.
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Time(sec)
Fig. 13, Molten steel leves vs. time as calculated
by assuming ideal pressure change.
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Fig. 14. Molten steel level vs. time as calculated
by assuming ideal pressure change.
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Fig. 15. Effect of period of oscillation (7) on
the rate of supply of stirring energy (&) and am-
plitude of fluid motion (4Z).
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Fig. 16. Relation between center position of osci-
llation (k+Z,) and period of proper oscillation
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