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High Efficiency Secondary Refining Technology
by Controlling Jet under Vacuum Pressure
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Abstract:

In steelmaking, the top-blown oxygen jet is used in many different refining processes, and its behavior is therefore
an important factor in steel refining. The oxygen jet technique is also applied to such vacuum refining processes as
RH and VOD. In this study, jet behavior under reduced pressure was studied by experiments and numerical
simulations. As a result, a useful mathematical model for optimizing the nozzle shape and jet behavior was proposed.

As a result, heating-up effect of molten metal increased by larger post combustion ratio and the amount of scull in the

vacuum chamber decreased by 80%, resulting in the reduction of times to remove the scull became half.
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Fig.1 Schematic view of experimental apparatus
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Table 1 Experimental conditions
Exp. 1 Exp.2
. 4,8, 13,

Ambient pressure  (kPa) 40,101 4
N: flow rate (m3—n0rm./hr) 29.4 26.4
Throat dia. (mm)| 2.6 3.0 3.0 3.0 3.0
Exit dia. (mm)| 7.5 7.5 6.0 5.0 4.0
A/A; (=) 83 6.3 4.0 2.8 1.8
Pep (kPa)| 8.4 88 | 17.6 | 31.7 | 68.5
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Table 2 Conditions for numerical simulation

Software, Model : Fluent, RSM
Medium - Nitrogen, 300 K
Domain * 300 mm¢ X 500 mm
Nozzle 1 hole, Laval nozzle

© 12, 18, 29.4 m’-norm./hr

* throat 2.6 mm
exit 7.5 mm

- 4,8,13,40,101 kPa

Nitrogen flow rate
Nozzle diameter

Ambient pressure
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Fig. 4 Effects of nozzle exit diameter on Mach number
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Nomenclature
Ae © Area of the nozzle exit (m®)
Ay @ Area of the nozzle throat (m?)
D : Theoretical nozzle exit diameter (m)
K : Attenuation parameter (—)
M : Mach number (—)
M, : Mach number at the nozzle exit (—)
Mineo - Theoretical Mach number at the nozzle exit (—)
Mioss - Difference between M, and Mipeo (—)
P : Pressure (Pa)
P. : Ambient pressure (Pa)
P., : Ambient pressure for correct expansion (Pa)
P, : Backpressure in the nozzle (Pa)
x : Lance height (m)
¥ * Radial distance from center axis of the jet (m)
o Core parameter (—)
v Ratio of heat capacity (—)
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