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Development of Swirling Flow Submerged Entry Nozzles for Slab Casting

Yuichi TSUKAGUCHI, Hiroshi HAYASHI, Hidenori KURIMOTO, Shinichiro Y OKOYA, Katsukiyo MARUKAWA and Toshihiro TANAKA

Synopsis : We have started a development of swirling flow submerged entry nozzles in 1997 as a fundamental and effective measure for controlling flow

pattern in continuous casting molds.

As a first step, we have developed a swirling flow submerged entry nozzle for round billet casting in Wakayama works. Then we started the

development of swirling flow submerged entry nozzles for slab casting. A main purpose of our development was to prove the effect of the

swirling flow formation in submerged entry nozzles which improve quality of products and productivity of continuous casting processes. We

have examined swirling flow submerged entry nozzles with swirl blade in these main bodies, because that was the easiest way to apply

swirling flow to submerged entry nozzles in continuous casters without any investment of facilities. We had only to change a submerged

entry nozzle for the experiment.

Swirling flow submerged entry nozzles for slab casting have been developed and examined in Wakayama and Kashima works. As a result

of these examinations, the effect of the swirling flow formation in submerged entry nozzles was evaluated to increase casting speed and im-

prove surface quality of slabs and steel sheets.

Key words : continuous casting; submerged entry nozzle; swirling flow; surface quality; casting speed.
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Fig. 1. Bad influences of conventional nozzle.
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Fig. 2. Schematic view of flow formation in nozzle.
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Table 1. Water model specification and condition.

Wakayama caster Kashima caster
Scale 1/1 1/1
Mold size 210 x 1850 (mm) 270 x 1650 (mm)
Bath depth 1850 (mm) 2315 (mm)
Corresponding casting speed 1.6 — 2.0 (m/min) 1.5 (m/min)

270
150

e
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1850 210

Multi Hole Plate

L Flow
F— Qut

Flow
Out =

S
QO

Fig. 3. Schematic geometry of water model

(Wakayama).
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Table 2. Specification of swirling flow nozzles.

Wakayama caster

Kashima caster

Internal diameter D,

(Diameter of swirl blade) 100 (mm) 128 (mm)
Internal diameter D, 80 (mm) 98 (mm)
Length of swirl blade L 100 (mm) 163 (mm)
Twist angle of swirl blade 6 120 (° ) 175 (¢ )
Cross—section of outlet port 55w X 90h (mm) 55w X 90h (mm)
Upper wall shape of outlet port R60 (mm) R90 (mm)

Lower wall angle of outlet port

Upward 10 (° )

Upward 10 (° )

Swirl blade

90

Fig. 5. Dimension of swirling flow

nozzle.

{0°

10>

80

90

Fig. 6. Dimension of swirl blade.

Fig. 7. Dimension of conventional noz-
zle (Wakayama).

Table 3. Specification of conventional nozzles.

Wakayama caster

Kashima caster

Internal diameter

80 (mm)

83 (mm)

Cross—section of outlet port

55w X 90h (mm)

90w X 92h (mm)

Upper wall angle of outlet port

Upward 10 (° )

Downward 30 (° )

Lower wall angle of outlet port

Upward 10 (° )

Downward 30 (° )

Clockwise Vortex
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Nozzle

Outlet Port
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Port Height

(Bottom:
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] Outlet Port
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0. Top=1) _
0

Flow Velocity (m/s)
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Horizontal Outlet

Port Width
(Left Side End=-0.5, Right Side End=0.5)

Fig. 8. Outlet flow velocity distributions of conventional nozzle under two directions of vortex in port (Wakayama, corresponding
casting speed=1.6 m/min).
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Fig. 9. Outlet flow velocity distributions of swirling flow
nozzle (Wakayama, corresponding casting speed=
1.6 m/min).
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Fig. 12. Effect of swirling flow nozzle on stability of outlet
flow velocity.
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Fig. 13. Effect of swirling flow nozzle on surface

Surface Flow Velocity in Mold (m/s)

\l flow stability in mold (Wakayama, corre-
sponding casting speed=1.6 m/min).
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Fig. 15. Transition of surface flow velocity with

swirling flow nozzle (Kashima, corre-
sponding casting speed=1.5 m/min).
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Fig. 16. Effect of swirling flow nozzle on flow velocity
control in mold.
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Fig. 25. Comparison of internal view of port after casting
(Wakayama).
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Table 4. Casting condition (Wakayama).

Items Specifications

Mold Size (mm) | 210t x 1780-1880w

Ultra Low Carbon Steel
for Automobile Panels

Steel Grade

Swirling Flow Nozzle | Max. 1.5-1.8 m/min.

Casting Speed

Conventional Nozzle | Max. 1.3 m/min.

Table 5. Casting condition (Kashima).

Items Specifications

Mold Size (mm) | 270t X 1500-1625w

Ultra Low Carbon Steel
for Automobile Panels

Steel Grade

Swirling Flow Nozzle | Max. 1.4-1.6 m/min.

Casting Speed

Conventional Nozzle | Max. 1.4 m/min.
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Fig. 24. Effect of swirling flow on prevention of outlet port
clogging.
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