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Abstract

The shape of submerged entry nozzles (SENs) has a great influence on steel quality and stable

casting conditions in the continuous casting of steel. In order to increase casting velocity and

improve steel quality, it is important to select the optimal SEN shape corresponding to the casting

conditions.

Shinagawa discovered that the biased flow caused by slide gate throttling etc. can be eliminated

by placing projections on the lining of the bore of the SEN. We developed the annular step SEN in

1992, which has come to be widely used at many casters. And, we developed the mogul SEN which

is lined with many spherical convex projections on the bore in 2002 as a measure to meet

increasingly complex needs. The great effect of the mogul SEN has been confirmed in many

continuous casting machines. Application of the mogul SEN is increasing year by year.
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1. Introduction

Submerged entry nozzles (SEN) are used to pour
molten steel from the tundish into the mold in
continuous steel casting. SENs assume the impor-
tant role of preventing re-oxidation and controlling
the molten steel flow in the mold. To optimize the
flow pattern of molten steel in the mold, selection of
SEN design 1s important. In particular, it is impor-
tant to select a bore shape which eliminates the
biased flow caused by slide gate throttling.

Therefore, Shinagawa developed the “annular
step SEN” with our own technology in 1992. The
effect of annular step SEN has been confirmed in
many continuous casting machines and has come to
be widely used. However, there were still demands
for further improvement in SEN structure to
achieve a more desirable molten steel flow in the
mold. As a result, we continued SEN development
with our own technology and in 2002 produced the
“MOGUL SEN” which has many spherical convex
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Fig. 1

Inside bore appearance of mogul SEN.
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projections in the nozzle bore (Fig.1).

This report details the characteristics of the
MOGUL SEN confirmed in water model experi-
ments and its performance in practical use.

2. Characteristics and Effects of MOGUL SEN

The mogul SEN 1is able to eliminate the biased
flow which occurs from throttling with many
spherical convex projections which line the bore.
Because the downward molten steel flow becomes
even inside the bore, the distribution of flow veloc-
ity at the ports is also even. The most important
characteristic of the mogul SEN is creating an even
flow velocity distribution at the outlet ports.

Fig.2 is a flow chart about the characteristics and
effects of the mogul SEN.

2.1

Generally, when the conventional straight bore

Prevention of outlet port corrosion

SEN 1is used, a strong outlet flow occurs at the
lower portion of the outlet port. In addition, when
the outlet port is oversized and throughput is large,
negative flow tends to occur in the upper portion of
outlet ports (Fig.3). When negative flow occurs,
mold powder slag is sucked into the outlet port, and
corrosion of the ports or inside bore occurs. Fig.4 is
a comparison of a used straight bore SEN and a
mogul SEN, which were used simultaneously for
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Fig. 2 Effect of Mogul lined submerged entry nozzle.
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Fig. 3 Distribution of average flow velocity at outlet port.

Straight bore SEN
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Fig. 4 Comparison of outlet ports of SEN after high
speed casting.
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Fig. b Schematic drawing of flow pattern in SEN
and mold (Side view).

high-speed slab casting.

The upper portion of the outlet port of the
straight bore SEN was greatly corroded by the
powder slag which was sucked in by negative flow.
But since negative flow does not occur in the upper
portion of the outlet ports of the mogul SEN,
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Fig. 6 Schematic drawing of flow pattern in
mold (Front view).
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powder slag was not sucked in and the ports were

not corroded at all.

2. 2 Improvement of molten steel flow pattern in
the mold

When the distribution of flow velocity at the
outlet ports is even, the flow to the front and back
of the mold is balanced. Fig.5 shows the flow condi-
tion of gas bubbles injected from the porous upper
nozzle. In the case of the 3 plate system where the
middle plate slides in a perpendicular direction to
the mold wide face, the straight bore SEN shows
many gas bubbles rose at the back of the mold. On
the other hand, the mogul SEN shows well balanced
gas rising conditions between the front and back of
the mold.

In addition, in the straight bore SEN, the flow
pattern tends to differ between the right side and
left side in the mold due to the influence of throt-
tling (Fig.6). The gas bubble penetration depth is
shallow on one side, however, on the other side, the
gas bubbles penetration is deep. Generally, The
meniscus flow velocity is faster on the side of shal-
lower penetration depth than on the other side.
Therefore, flow behavior tends to become uneven
between the right side and left side of the mold,
however, in the case of the mogul SEN, flow behav-
ior tend to be even.

2. 3 Reduction of impacting force to mold
narrow face and molten steel surface
fluctuation

Balancing the flow velocity distribution at the

Fluctuation height of molten steel surface (mm)

Straight bore Mogul

Fig. 7 Fluctuation height of molten steel surface
in mold.
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Annular step SEN Mogul SEN

Fig. 8 Comparison of outlet ports of gas injection
SEN after use.
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Fig. 9 Splashing of molten steel at casting start.

outlet ports means not only balanced flow in the
mold but also a reduction of fast flow from the
lower portion of outlet ports. Reduction of fast flow
from this portion reduces the impacting force to the
mold narrow face. Since reduction of impacting
force decreases the downward flow caused by this
force, inclusions easily float to the surface. And
since the vigor of the upward flow is also sup-
pressed, the fluctuation of molten steel surface near
the mold narrow face and the incidence of powder
slag inclusions decreases (Fig.7).
2. 4 Suppression of alumina buildup in outlet
port

Suppression of alumina buildup in the outlet port
is not always achieved when the mogul SEN is used.
However, when the relationship between bore di-
ameter, outlet port design, throughput and injected
gas 1s correct, alumina adhesion may be suppressed
by the mogul SEN. Fig.8 shows the results of a
strand comparison between gas injection type
annular step SEN and gas injection mogul SEN. In
severe casting conditions alumina adhesion occurred
with the gas injection annular step SEN to which
alumina adhesion does not easily occur. However,
especially little alumina adhesion occurred in the
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Table 1  Type of mogul projection
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side of the outlet port in the mogul SEN.
2. b Suppression of molten steel splashing at
start of casting

At the start of casting, splashing of molten steel
from outlet ports is obviously suppressed with
mogul SEN in many casters (Fig.9). This suggests
that the vigor of downward flow inside the bore is
reduced by the mogul projections, even in the situa-
tion where the SEN is not immersed in molten steel

yet.

3. Various Mogul Projections

At first, the mogul projection was a spherical
convex. After that, Shinagawa developed teardrop
shapes, and currently we can select the most suit-
able projection shape according to the casting
conditions (Table 1).

4. Conclusion

The advantages of the mogul SEN observed in use
in actual steel plants are as follows,

(1) Prevention of corrosion of the outlet port
caused by powder slag sucking.

(2) Reduction of steel defects in the slab corners
due to reduction of the impacting force at the
mold narrow face.

(3) Reduction of fluctuation of molten steel surface
during hi-speed casting and in small-section
molds.

(4) Improvement of steel quality due to balanced
flow in the mold.

(5) Suppression of molten steel splashing at start
of casting (safe operating conditions).

Now, a much more effective inside bore shape has
been developed by combining the spherical mogul
projection with the teardrop mogul etc. Moreover,
in order to maintain the effect of mogul projections,
CaO+ZrO, material is also applied as the inside bore
material. We are furthering development aiming at

more functional submerged entry nozzle.
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