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The Characteristics of the Oxygen Jet in the Vacuum Refining Process

Yoshio KOTANI, Takami IKEDA, and Kazuo IsHIHARA

Synopsis:

In order to find suitable lance to blow oxygen stably at the vacuum refining of stainless steels, the
total pressure of oxygen jet ejected into vacuum from various kinds of nozzles were investigated and

the following results were obtained:

(1) The total pressure of jet from the pipe, which is used as oxygen lance ordinarily, is com-
paratively low, and this tendency becomes remarkable especially at low vessel pressure.

(2) By using the Laval nozzle which is designed by Mach number corresponding correctly to the
vessel pressure, it becomes possible to increase remarkably the total pressure of jet.

(3) It is possible to keep the total pressure of jet high by using such a Laval nozzle that becomes
insufficiently divergent when the vessel pressure decreases during the refining.

By applying the Laval nozzle designed on the bases of these results to the 50t ladle furnace, it
became possible to blow oxygen from the lance height more than twice of that from the pipe. Ac-
cordingly, as the erosion of oxygen lance can be prevented, the refining process becomes stable remarkably.
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Fig. 1. Schematic figure of Laval nozzle.
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Fig. 2. Relation between™pressure’ and Mach
number of jet at nozzle exit.
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Fig. 3. Relation between Mach number of jet at
nozzle exit and shape of nozzle.
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Fig. 4. Experimental apparatus for measuring
total pressure of jet.
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Table 1. Dimensions of tested nozzles.

Throat
diameter ( mm)

Stra-
ight

Shape of

nozzle Pipe

Laval Pipe

Stra-
ight

Stra-
ight

Designed Mach

No. — 1 2 3 4 —

Throat length
(mm)

Divergent

wlf:ngth ( mm) h — 5.7124.0 51.4 —_

— 5.2 |18.3|38.9| — 3.4(12.0]|25.7

Divergent o - .
angle (%) 3 ’ 5 5

— 5 5 5 — 5 5 5

Exit diameter 5.0
(mm)

8.2 13.0] —

— 3.9 6.2 9.8 — 26| 4.1 | 6.5

/Thma[ diaceter

— 32—

Z::}é:::::::/nmmm
:

— }—— Divergent length —

\ Throat tength
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Table 2. Mach number of jet determined by pressure relationship.

Flow rate ; Throat Lance | Vessel Vessel | Mach N
of air { diameter pressure 1\ pressure pressure Lance : a? o
{Nm3/hr) , ( mm) ( kg/cm? Abs) | (Torr) pressure ot Jjet

f 50 0.013 | 3.5
! 2 5.2 i
E j 100 0.025 3.0
10 | ; 50 0.029 3.0
3 2.3
100 0.057 2.5
50 0.051 2.6
4 1.3
! | 100 0.102 2.2
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Fig. 5. Total pressure of jet at 50 torr and
10Nm3/hr.
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Fig. 6. Total pressure of jet from 4 mm dia.
nozzle.
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Fig. 7. Total pressure of jet from 3mm dia.

nozzle.
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Fig. 8. Total pressure of jet from Zmm dia.
nozzle.
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Fig. 9. Total pressure of jet at 100 mm lance
height.
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Fig. 10. Schematic drawing of pressure distribu-
tion in Laval nozzle.
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Fig. 11. Apparatus for measuring total pressure

of oxygen jet.
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Fig. 13. Total pressure of oxygen jet.
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Fleoteh, FEOKEHRHS X CBREHER TRIED

Table 3. Results of blowing 18-8 stainless steel by Laval nozzle and plain pipe.

Oxygen lance Laval (Throat dia. 20 mm) Pipe (Inner dia. 36 mm)
Lance height (mm) 1400, fixed %gg’deicrllizligx}’lwards gradually
Oxygen flow rate (Nms3/hr) 1000 — 800 1000 — 800
Blowing time ( min) 28 27
Oxygen consumption (Nm3) 430 420
Vessel pressure (Torr) 100 — 4.8 100 — 4.8
7 Argon flow rate (Nl/ min) ~20 ~307
C . 0.40 — 0.038 0.41 — 0.038
Chemical composition (%) St 0.32 = 0.10 0.20 — 0.09
Mn 1.30 — 0.85 1.11 — 0.71
Cr 18.00 — 17.10 18.00 — 16.90
Bath temperature (°C) 1620 — 1790 1595 — 1725
Oxvygen efficiency | For decarburization 33 33
(%) For deC +deSi 50 41
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Fig. 14. Change of gas composition during the
blowing with Laval nozzle lance.
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Fig. 15. Oxygen efficiency for decarburization
blown with Laval nozzle lance.
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