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Next Generation Submerged Entry Nozzle for Optimizing Molten Steel Flow

in Mold
mooR = E e N Z

Kanae NisHIO

3

[y N3RS
WICEETH D, FFI, BE/ AN S OMHFITE— )V FREHTENICKE 2

|y

=)V NN O EY 3% $ i & 6 E

Hiroyasu NirTsuma

=
=]

B8R
=

2 ANV okETIE
WHES A Do

=

BHZ L7280,

A ItHREA Iz 28 LWHHILTY A~ (DIA) ZBZS L 720 AiETIlEBIgs L7z ‘DiA%!

HHSL 2 AV 12OWTRAT 5,

Abstract

The role of the submerged entry nozzle is very important because of the great influence of

molten metal flow in the mold on stable continuous casting operation as well as on the qualities

of cast products. Especially, the molten steel stream discharged from the outlet of the submerged

entry nozzle greatly influences molten metal flow in mold. New outlet design, DiA type outlet, was

developed to lower the velocity of the molten steel stream running out of the outlet. The details of

the submerged entry nozzle with DiA type outlet are introduced in this report.
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1. Introduction

In the steelmaking process, molten steel with
properly adjusted alloying elements is cast in a
water cooled mold via submerged entry nozzle
(hereinafter referred to as SEN) in continuous
caster for solidification. In order to secure
sophisticated qualities as well as strict quality
control of cast products, optimization of the mol-
ten steel stream discharged from its outlet is
the most important issue in designing the SEN.
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For example, when velocity of the molten steel
stream discharged from the outlet increases,
as schematically illustrated in Fig. 1, the menis-
cus metal flow and/or downward metal flow
accelerate markedly. This increases the risk
of the deterioration of steel quality caused by
the entrapment of nonmetallic inclusions, mold
powder or gas bubbles. Many countermeasures
for suppressing or preventing such deterioration
of steel qualities have been used ™.

In general, in order to reduce the menis-
cus metal flow velocity, a downward angle is
adopted for the outlet so as to decelerate the
upward stream that bounces off of the mold
narrow face. Contrarily, an upward outlet angle
is adopted for lowering the velocity of the
downward stream after bouncing off the mold
narrow face. However, such outlet angle designs
result in contradictory alternatives, a softened
meniscus metal flow associated with deeply
penetrating downward stream or moderate
downward stream accompanied with relatively
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Schematic diagram of molten steel flow in mold.
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Fig. 2 Schematic diagram of DiA type SEN.
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violent meniscus disturbance. That is to say,
simultaneous suppression of the meniscus metal
flow and downward stream running along the
mold narrow face is extremely difficult.

It is thought that the ideal molten steel
stream discharged from the outlet which can
suppress both meniscus metal flow and down-
ward stream simultaneously should meet both
of the following descriptions;

(1) evenly discharged metal flow from the
whole outlet with moderate stream veloc-
ity

(2) horizontally spreading metal permeation
with moderate stream velocity

Various trials to materialize moderate molten
steel flow, such as a trumpet shaped outlet, have
been made with insufficient performance. By
carrying out investigations on the SEN outlet
design in order to create the above mentioned
ideal metal flow, a newly designed SEN char-
acterized by DiA (Different Angle Port) type
outlet, was developed. This newly developed
SEN can create horizontally spreading metal
permeation and moderate stream velocity with
optimized consistency between mild meniscus
flow and moderate downward stream. Details
of the newly developed DiA type SEN, simply
referred to as DiA nozzle, are introduced in this
report.

2. Concept for DiA type SEN

As indicated by its name, the DiA type SEN
iIs characterized by different tilting angles of
the upper and lower wall faces outlet. More spe-
cifically, as illustrated in Fig. 2, large downward
tilting angle and horizontal or slightly upward
tilting angle was adopted for the upper and lower
side profile line of the outlet, respectively.

Because of a large downward angle of the
upper profile design, the molten metal flow
running from the inner bore to outlet bore is
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Fig. 3 Comparison of flow pattern at vicinity
of outlet.
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smoothly guided along the inner wall face of
the SEN, resulting in less flow separation from
the inner wall and minimized suction of counter
metal flow at the upper end of the outlet. Even
though the upper side profile line angle is modi-
fied or optimized in accordance with throughput
and/or inner bore shape, in comparison with
a conventional SEN, the upper side profile is
designed to create more intensive downward
stream. On the other hand, the lower side
profile line is horizontal or slightly upward aim-
ing to create upward stream. In addition, the
metal pool space is situated at the inner bore
bottom. In a conventional SEN design possess-
ing relatively large downward angle for lower
profile with the bottom metal pool, metal flow
toward the outlet after bounding on the metal
pool tends to induce flow separation. Because
of a horizontal or shallow upward profile line
to lower side of outlet in DiA type SEN, metal
flow bounding on the metal pool is smoothly
discharged along the profile line. A conceptual
diagram comparing the discharged metal flows
near the outlet in conventional SEN and DiA
type SEN is shown in Fig. 3.

As illustrated in Fig. 3, since the intensive
downward metal flow from above and moderate
upward metal flow along lower side profile col-
lide at the vicinity of the outlet and counteract
the opposing metal flow vectors each other, it
is highly expectable that an almost horizontal
direction metal flow would be generated. That
is, the above mentioned ideal situation where a
horizontally permeating metal flow with mod-
erate stream velocity would hit onto the mold
narrow face would be materialized.

3. CFD Calculation and Water Model
Experiment

CFD (Computational Fluid Dynamic) compar-
ative calculation was conducted on conventional
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Fig. 4 Metal flow velocity contour map obtained
by CFD calculation.
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SEN and DiA type SEN followed by validation
utilizing water model experiment.

The calculation results are comparatively
shown with a metal flow velocity contour map in
Fig. 4. It is clarified in Fig. 4 that, in comparison
with conventional SEN, the stream velocity of
the downward metal flow near the mold narrow
face is lowered in DiA type SEN along with
the reduced velocity of the meniscus metal flow
from the mold narrow face to the mold center.
Fig. 5 shows a calculated contour map of the
turbulent kinetic energy in the vicinity of the
outlet of a conventional and DiA type SEN. It is
observable that turbulent kinetic energy is gen-
erated broadly at the outer vicinity of the outlet
of the DiA type SEN. Such calculation results of
turbulent flow conform to the speculation men-
tioned in the previous section that downward
metal flow from above and moderate upward
metal flow from the bottom rebound collide at
the outer vicinity of outlet and counteract the
opposing metal flow vectors of each other.

Encouraged by affirmative CFD calculation
results that DiA type SEN materializes specu-
lative metal flow, a water model experiment
was conducted with conventional and DiA type
SEN in order to compare observed flowage
in the mold. Fig. 6 shows snapshots taken of

DiA nozzle

Fig. 5 Contour map of turbulent kinetic energy at outer vicinity of outlet.
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Fig. 6 Snapshots of water model experiment
with conventional and DiA type SEN.
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the water model experiment with conventional
and DiA type SEN. As is clearly observable in
the photographs, the penetration depth of the
gas bubbles accompanying the water stream
discharged from the DiA type SEN was much
shallower than those from conventional SEN.
Velocity of the meniscus water flow as well as
of downward water flow actually measured in
the water model experiment with the DiA type
SEN was smaller than those in water model
experiment with conventional SEN. Thus, favor-
able influence of DiA type SEN predicted by
CFD was validated by the water model experi-

ment.
4. Conclusions

The DiA type SEN was developed by design-
ing an appropriate submerged entry nozzle
outlet profile by which molten metal flow in the
continuous casting mold could be optimized.
After affirming improvement of flowage in
mold by CFD calculation and water model
experiment, a newly developed DiA type SEN
is adopted for several actual casting operations
with considerable reduction in nonmetallic
inclusion defects relating to deeply penetrating
metal flow. In addition, further improvement of
steel quality by reduction of various kinds of
defect can be expected by application of the
DiA type SEN that materializes moderate
collision of discharged metal flow to the mold

narrow face.
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