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Abstract—In order to recognize the effects of the process parameters on the flow pattern in the ladle during RH

degassing process, a numerical approach of k-¢ turbulent model and a water model experiment were carried out.

It was found that molten steel flows in the ladle have high turbulent characteristics and RH degasser is an excellent
mixer. The maximum values of turbulent energy as well as dissipation rate of turbulent energy occur in the vicinity of
the snorkel. The computation formula of circulation rate was derived from the results of the water model experiment.
Furthermore, it was proved that the energy balance in RH degassing process is the effective means for predicting cir-

culation rate.
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Fig. 1. Schematic dlagram of RH degassing pro-
cess.
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Fig. 2. Schematic representation. of flow system
in the ladle for mathematical modelling.
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Table 1. Expressions for the exchange coefficient I; and source terms S, for ¢

Conservation of ¢ Iy Sy

mass 1 0 0

X — momentum u e _3_54’"3?;(/‘2‘2%)‘*%‘( #E%CV_)
y — momentum v e -27P -a%(ﬂeg_‘;)+a"’_y(#eg_;)
kinetic energy k HMe G~-Cype

dissipation rate € He le{—G~C,p§i

= (21 G2+ G+ G+ 500

Table 2. Constants in turbulence model
C1 CZ CU Oy Je
1.43 1.92 0.09 0.9 1.1

= o3t 3bo] Al4bsle,
1:=Copk?/e (3)

Al (3)9) WHFgEoli=] (turbulent kinetic ener-
gy, k)ob 5ozl 445 (dissipation rate of
turbulent kinetic energy, ¢)-< Table 19 u}A4lo
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of Y= AHFZEEL 1974 Launders}t Spalding[11)
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Fig. 3. Simplified block diagram of the computer program.

53

HWAHAK KONGHAK Vol. 27, No. 1, February 1989



54 F&A] - o4kl .

Vacuum
Vessel
2 3
P2
6 5
P ..j
1 4

Fig. 4. Energy losses in the RH degassing pro-
cess,
: Contraction ladle/ Up-leg
: Expansion up-leg/vacuum vessel
. Contraction vacuum vessel/ Down-leg
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1 : Pressure at the injection point
5 : Pressure at the top of up-leg
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Table 3. Parameters used in.the energy balance
for the water model and industrial unit

Parameter Unit Model Industrial unit

Gas flow rate (Q;) NIl/min 60-400 2800

Leg length (L) m 0.3 1.5

Snorkel Diameter m 0.12 0.6
(Dy)

Friction factor (f) m 0.0092 0.0083

Contraction — 0.42 0.42
coefficient (7)

Expansion - 1 1
coefficient (£)

Temp. (T) K 293 1873

Fraction of liquid - 0.7 0.2
(¢

Table 4. Process variables in the dimensional

analysis

Parameter Variable Dimension
Velocity of liquid Vo Lt-!

in the down-leg
Internal diameter Dy L

of snorkel
Liquid density o ML-3
Liquid viscosity u ML-1t-1
Acceleration due g Lt-2

to gravity
Gas flow rate Qg L3t-1
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Table 5. Parameters for the industrial unit and
for the water model

Parameter Industrial unit Water model
Gas flow rate (N!/min) Max. 2800 Max. 400
Vacuum (torr) 1 739

Density of gas (g/cm3) 0.000262 (Ar) 0.00125 (Ny)

Density of liquid (g/cm3) 7.2 1.0

Temperature (°C) 1600 20

Diameter of gas injection 3 3
nozzle (mm)
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Photo 1. 1/5 scale water model for RH degassing
process.
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Fig. 5. Schematic diagram of the apparatus.
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3. Flowmeter 4. Pressure gauge
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Fig. 6. Typical response curve in the down-leg
after injection of tracer in the up- leg.
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Fig. 11. The variation of concentration profiles with elapse time(t).
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