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Description

[0001] The present invention relates to a submerged
entry nozzle, particularly to a submerged entry nozzle
through which molten steel can be poured from a tundish
into a mould.
[0002] In the continuous casting of metal, especially of
steel, the molten metal is poured from a tundish into a
mould by means of a submerged entry nozzle. Such sub-
merged entry nozzles are generally comprised of a sub-
stantially tubular body extending from a first end to a sec-
ond end of said tubular body. For conducting molten met-
al through said tubular body, submerged entry nozzles
comprise a passageway, i.e. a bore, extending through
said tubular body along a longitudinal axis from said first
end towards said second end. For conducting molten
metal from a tundish into said passageway, the nozzle
comprises at least one inlet port, opening into said pas-
sageway at said first end of said tubular body. Said at
least one inlet port is capable of receiving molten metal
from a tundish and conducting the same into said pas-
sageway. The molten metal is conducted from said inlet
port through said passageway to a plurality of outlet ports,
opening into said passageway in a region adjacent to
said second end of said tubular body. Said plurality of
outlet ports is capable of conducting molten steel, deliv-
ered from said passageway, through the outlet ports to
the outside of said tubular body and into a mould of the
continuous casting machine. In its use position in the
continuous casting machine, the nozzle is arranged gen-
erally vertically, with the central longitudinal axis of the
passageway extending vertically and with the first end of
the tubular body positioned upside and the second end
of the tubular body positioned downside. Accordingly,
molten metal can be conducted through the nozzle from
said inlet port into the passageway, through said pas-
sageway, and through the outlet ports into the mould by
force of gravity. A submerged entry nozzle of this type is
disclosed, for example, in EP 1 671 721 B1.
[0003] To improve the homogeneity of the metal melt
and its solidification, in particular to avoid arbitrary solid-
ification of the outer shell of the (metallic) strand during
casting, continuous casting in some cases requires stir-
ring of the metal melt in the mould. To achieve such stir-
ring, it is known to install an electromagnetic stirrer
around the metal stream at a distance below the nozzle
bottom to induce a swirling motion to the metal melt,
poured into the mould from the outlet ports of the nozzle.
[0004] EP 2 769 786 B1 discloses a submerged entry
nozzle, comprising outlet ports having a geometry to pro-
vide the metal melt, flowing out of the outlet ports, with
a certain twist.
[0005] A nozzle, providing the outflowing metal melt
with a certain twist, allows to reduce or to even eliminate
the need for an electromagnetic stirrer.
[0006] Accordingly, it is an object of the present inven-
tion to provide a submerged entry nozzle, inducing a
swirling motion to the molten metal, flowing out of the

nozzle, i. e. flowing out of the outlet ports of the nozzle
into the mould.
[0007] The inventors of the present invention found out
that the stirring of the metal melt, flowing out of the nozzle,
and hence the homogeneity of the melt and its solidifica-
tion, can be improved when the swirling motion is in-
creased, i.e. when the metal swirls with a higher velocity.
[0008] Accordingly, it is an object of the present inven-
tion to induce a swirling motion to the molten metal, flow-
ing out of the nozzle, without the need of an electromag-
netic stirrer, being higher than the swirling motion of mol-
ten metal issued from the known nozzles.
[0009] To increase the swirling motion of the molten
metal, issued from the nozzle, the inventors of the present
invention made extensive investigations. In the course
of this investigations, the inventors found out that the
swirling motion of the molten metal can be increased
when the velocity of the molten metal, flowing through
the outlet ports, is increased.
[0010] Accordingly, based upon this finding, it is a fur-
ther object of the present invention to provide a sub-
merged entry nozzle, inducing a swirling motion to the
molten metal flowing out of the nozzle and, at the same
time, inducing a velocity to the molten metal, flowing out
of the nozzle, being higher than the velocity of the molten
metal, flowing out of the known nozzles.
[0011] Accordingly, in accordance with the present in-
vention, there is provided a submerged entry nozzle
through which molten steel can be poured from a tundish
into a mould, said nozzle comprising:

a substantially tubular body, extending from a first
end to a second end of said tubular body;
a passageway, extending through said tubular body
along a longitudinal axis from said first end towards
said second end;
at least one inlet port, opening into said passageway
at said first end;
a plurality of outlet ports, opening into said passage-
way in a region adjacent to said second end, wherein
each of said outlet ports is slit-shaped and extending
helically around said longitudinal axis;
and wherein said passageway terminates in the axial
direction of said longitudinal axis towards said sec-
ond end with a distance to said second end in said
region adjacent to said second end at a bottom,
wherein said bottom comprises a protrusion, pro-
truding into said passageway.

[0012] The submerged entry nozzle of the present in-
vention comprises outlet ports being slit-shaped and ex-
tending helically around said central longitudinal axis. By
means of such outlet ports, a swirling motion is induced
to the molten metal, issuing from the nozzle, i. e. flowing
out of the outlet ports of the nozzle.
[0013] To increase the velocity of the molten metal,
flowing through said outlet ports, the passageway of the
nozzle terminates - in the axial direction of its longitudinal
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axis towards said second end - with a distance to said
second end in said region adjacent to said second end
at a bottom, wherein said bottom comprises a protrusion,
protruding into the passageway. The provision of said
protrusion is based upon the inventors’ finding that such
a protrusion, protruding into the passageway, divides the
stream of molten metal, flowing through said passage-
way, and directs the stream of molten metal towards the
outlet ports. Preferably, said protrusion may comprise a
surface area, facing towards said outlet ports. By the aid
of such surface area, facing towards the outlet port, the
velocity of the stream of molten metal towards said outlet
ports is increased when the molten metal flows over such
surface area. Insofar, the inventors found out that with
an increased velocity of the molten metal, flowing in the
passageway towards the outlet ports, the velocity of the
stream of molten metal, flowing through the outlet ports
and finally flowing out of the outlet ports into the mould
of the continuous casting machine, may be increased.
Accordingly, with such a protrusion, the velocity of the
molten metal, issued from the nozzle and, hence, the
velocity of the swirling motion, induced to the molten met-
al, can be increased.
[0014] Generally, said protrusion at the bottom of the
passageway may have any shape of a protrusion, for
example the shape of a pyramid, a cone or a truncated
cone. According to a preferred embodiment, the protru-
sion is dome-shaped. According to the invention, it was
found out that with such a dome-shaped protrusion, the
stream of molten metal can be divided and directed to-
wards the outlet ports with an increased velocity and at
the same time without the appearance of any turbulences
in the stream of molten metal.
[0015] Generally, the protrusion preferably tapers in a
direction from the second end towards first end of the
tubular body, i.e. in a direction from the bottom of the
passageway into the passageway.
[0016] According to a preferred embodiment, the pro-
trusion comprises at least one groove in the surface area
thereof, particularly preferred in the surface area thereof
facing towards the outlet ports. According to a particularly
preferred embodiment, the protrusion comprises at least
one groove in the surface area thereof extending helically
around the longitudinal axis. According to a further pre-
ferred embodiment, the protrusion comprises at least two
grooves in the surface area thereof extending helically
around the longitudinal axis, particularly preferred two to
five and even more preferred three to five grooves in the
surface area thereof extending helically around the lon-
gitudinal axis. Preferably, the helically extending grooves
have the same direction of rotation as the outlet ports.
The inventors found out that which such helically grooves
in the surface area of the protrusion, the stream of molten
metal can be directed towards the outlet ports in such
that the velocity of the molten metal leaving the outlet
ports can be increased.
[0017] Generally, said grooves may have any shape.
According to a preferred embodiment, the grooves have

a semicircular cross-section or a cross-section in the form
of a circular segment.
[0018] The protrusion may seal the passageway in a
direction along the central longitudinal axis of the pas-
sageway towards the said second end of the tubular
body. In other words, the protrusion obstructs the pas-
sageway totally or partly towards the second end of the
tubular body. This has the advantage, that the flow of
molten metal is divided by said protrusion and directed
towards the outlet ports. The passageway may totally be
sealed by the protrusion. According to another preferred
embodiment, the base of the protrusion obstructs at least
80 % of the cross-sectional area of the passageway.
[0019] According to a preferred embodiment, the pro-
trusion tapers in a direction from said second end towards
said first end and terminates in a peak (i.e. a top) laying
on said longitudinal axis of the passageway. Accordingly,
starting from said base of the protrusion, the protrusion
tapers from its base towards a peak, wherein said peak
of the protrusion is laying on said longitudinal axis of the
passageway. In such case, the flow of molten metal can
be divided symmetrically by the protrusion, i. e. in several
identical streams with the same flow pattern. To further
improve such symmetrical stream of molten metal, ac-
cording to a preferred embodiment, the protrusion is dis-
posed symmetrically about the longitudinal axis of the
passageway. According to a further preferred embodi-
ment, the protrusion is rotationally symmetrical to the lon-
gitudinal axis of the passageway.
[0020] The inventors found out that the angle between
said surface area of the protrusion, facing towards the
outlet ports, and said longitudinal axis has an influence
on the velocity of the stream of molten metal conducted
towards the outlet ports. Insofar, if this angle is too small,
the molten metal is not conducted towards the outlet
ports. On the other hand, if this angle is too high, the
velocity of the stream of molten metal, flowing through
the passageway, can be decreased. According to a pre-
ferred embodiment, the angle between said surface ar-
eas of the protrusion, facing towards the outlet ports, and
said longitudinal axis of the passageway is between 20
and 60 degrees, more preferably between 30 and 50 de-
grees and most preferably between 30 and 45 degrees.
This embodiment not necessarily requires that the angle
between all surface areas of the protrusion and the lon-
gitudinal axis of the passageway is within this range but
at least preferable the angle between the surface area
of the protrusion, facing towards the outlet ports, and said
longitudinal axis. Insofar, the protrusion may comprise
surface areas, not facing towards the outlet ports, and
wherein the angle between such surface areas and the
longitudinal axis is not in the above range. For example,
when the protrusion has said preferred dome-like shape,
the angle between the surface areas of the protrusion in
region of the peak (i.e. in the top region) of the protrusion
and the longitudinal axis not necessarily have to include
an angle in the above range. For example, only the angle
between the surface area of the protrusion at the edge
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of the protrusion, i.e. the side walls of the protrusion, and
the longitudinal axis might be in the above-identified
range. According to a preferred embodiment, at least 70
%, and even more preferably 90% of the surface area of
the protrusion, in relation to the entire surface area of the
protrusion, is a surface area, the angle between such
surface area and the central longitudinal axis of the pas-
sageway is in the above range.
[0021] The inventors found out that the velocity of the
stream of molten metal can be further increased when
the orifices of the outlet ports, through which the outlet
ports are opening into the passageway, and the protru-
sion run side by side along said longitudinal axis for a
distance. Accordingly, according to one preferred em-
bodiment it is provided that each of said outlet ports
opens into said passageway through an orifice with each
of said orifices running along said longitudinal axis for a
first distance, and wherein said protrusion runs along said
central longitudinal axis for a second distance, and
wherein said second distance overlaps with said first dis-
tance for at least 50 % of the length of said first distance,
more preferably for at least 70 % and even more prefer-
ably for 100 % of the length of said first distance. In other
words: The orifices of the outlet ports and the protrusion
run side by side (in relation to the central longitudinal
axis) to each other over a length of at least 50 %, more
preferably at least 70 % and even more preferably 100
% of the length of the orifices.
[0022] Said longitudinal axis of the passageway is the
central longitudinal axis thereof. According to a preferred
embodiment, the passageway has a circular cross-sec-
tion and even more preferable has the shape of a cylin-
der, i.e. a cylinder with a circular cross section orthogonal
(i.e. rectangular) to the longitudinal axis of the passage-
way.
[0023] The tubular body is preferably made of a refrac-
tory material, preferably of a ceramic refractory material
or a carbon-bonded refractory material. The refractory
material of the tubular body can be any known refractory
material used for submerged entry nozzles, especially
any such ceramic refractory material or carbon-bonded
refractory material. As far as the tubular body is made of
a carbon-bonded refractory material, such material can
be at least one of the following materials: carbon-bonded
magnesia, carbon-bonded alumina, carbon-bonded spi-
nel (i.e. magnesia-alumina-spinel) or carbon-bonded zir-
conia.
[0024] The at least one inlet port, opening into the pas-
sageway at the first end of the tubular body, preferably
lays in the longitudinal axis of the passageway.
[0025] According to one preferred embodiment, the
outer contour of the tubular body has the shape of a cyl-
inder at least in the region of the outlet ports. The inven-
tors found out that with such cylindrical shape of the tu-
bular body in the region of the outlet ports, the swirling
motion of the molten, issued to the mould, can be further
increased. According to a preferred embodiment, said
part of the tubular body, having the outer contour of a

cylinder, has an axis, being coaxial with said longitudinal
axis of the passageway.
[0026] According to one preferred embodiment, the
outer contour of the tubular body is rotationally symmet-
rical in view of said central longitudinal axis of said part
of the tubular body, having the outer contour of a cylinder.
[0027] According to a preferred embodiment, the outlet
ports allow discharging molten metal out of the tubular
body radially to said central longitudinal axis and at the
same time axially to said central longitudinal axis of the
passageway in a direction towards said second end. In
other words, said outlet ports of the nozzle are arranged
such that they allow discharging of molten metal out of
the tubular body into the mould not only in a radial direc-
tion (in view of the longitudinal axis), but as well in a
direction which runs parallel to the direction of the longi-
tudinal axis. To allow such discharging of molten metal
out of the tubular body radially and axially to the longitu-
dinal axis of the passageway, according to one preferred
embodiment, the outlet ports extend through the lateral
wall of the tubular body and the end wall of the tubular
body, delimiting the tubular body at said second end, at
the same time. Accordingly, the orifices of each outlet
port, opening to the outside of the tubular body, not only
lay at the lateral wall of the tubular body but also extend
into the end wall of the tubular body, delimiting the tubular
body at its second end. Insofar, the outlet ports may have
the shape as disclosed in figures 1-6 of EP 2 769 786
B1. The end wall of the tubular body, delimiting the tubular
body at the second end thereof, may be even (i.e. flat),
dome-like (i.e. convex when seen from the outside of the
tubular body) or concave when seen from the outside of
the tubular body.
[0028] The inventors further found out that the velocity
of the stream of molten metal, issued from the outlet ports
to the mould, can be further increased when the outlet
ports taper in a direction from the passageway towards
the outside of the tubular body, i.e. in a direction from the
orifice of the respective outlet port, opening into the pas-
sageway, towards the orifice of the respective outlet port,
opening to the outside of the tubular body. It is assumed
that the outlet ports in such case act like a jet that in-
creases the velocity of a fluid. In this regard, according
to a preferred embodiment, it is provided a cross sectional
area of said outlet ports, reducing in the direction from
said passageway to the outside of the tubular body. In
other words, the cross-sectional area of each outlet port
tapers in the direction from the passageway towards the
outside of the tubular body.
[0029] According to a preferred embodiment, the outlet
ports are disposed symmetrically about the longitudinal
axis of the passageway. Especially, it is preferred that
the outlet ports are disposed evenly (uniformly) about the
longitudinal axis, i.e. spaced at equal distance from one
another about the longitudinal axis. In such case, a very
symmetrical and homogenous swirling motion can be in-
duced to the molten metal.
[0030] The inventors found out that at least two outlet
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ports should be provided to induce a swirling motion to
the molten metal issued from the nozzle. However, ac-
cording to a preferred embodiment, at least three, espe-
cially three to five outlet ports are provided. According to
a particularly preferred embodiment, four outlet ports are
provided which preferably are disposed symmetrically
about the central longitudinal axis of the passageway.
[0031] The outlet ports are slit-shaped, i.e. having a
larger expansion in a first direction than in a second di-
rection, running orthogonal (i.e. rectangular) to said first
direction. Preferably, the outlet ports have a rectangular
cross-section. According to a preferred embodiment, the
orifice of each of said outlet ports has a length (i.e. the
larger expansion of the slit) to width (i.e. the smaller ex-
pansion of the slit) ratio in the range from 2:1 to 8:1, and
even more preferably in the range from 3:1 to 7:1.
[0032] The outlet ports are extending helically around
said longitudinal axis, i.e. each of the outlet ports extends
spiral-shaped about said longitudinal axis of the pas-
sageway. The inventors found out that the gradient angle
of the outlet ports, i.e. the angle of the outlet ports in
relation to a plane, extending orthogonally (i.e. rectan-
gular) to the longitudinal axis of the passageway, should
be within a certain range to induce a swirling motion to
the molten metal. If the gradient angle of the outlet ports
is too small, the velocity of the molten metal can be de-
celerated too much. On the other hand, if the gradient
angle of the outlet ports is too high, the velocity of the
molten metal is high but the swirling motion, induced to
the molten metal, may be too small. Accordingly, the gra-
dient angle of the outlet ports preferably is in the range
from 20 to 80 degrees, more preferably in the range from
30 to 70 degrees and particularly preferred in the range
from 30 to 60 degrees.
[0033] Further features of the nozzle according to the
invention are disclosed in the claims and the exemplary
embodiment, disclosed hereinafter and illustrated in the
figures.
[0034] All features of the disclosed nozzle, either sin-
gular or in combination, can be combined with each other.
[0035] An embodiment of the nozzle according to the
invention is described hereinafter.
[0036] In the accompanying figures,

Fig. 1 is a perspective view of a submerged entry
nozzle in accordance with an embodiment of the
present invention;

Fig. 2 is a perspective view of the nozzle according
to Fig. 1 in the region adjacent to the second end
thereof;

Fig. 3 is a perspective view of the nozzle according
to Fig. 1, wherein the inner contour of the nozzle in
said region is illustrated by dashed lines;

Fig. 4 is a perspective cutaway view of the nozzle
according to Fig. 1 in the region adjacent to the sec-

ond end thereof;

Fig. 5 is another perspective cutaway view of the
nozzle according to Fig. 1 in the region adjacent to
the second end thereof;

Fig. 6 is a cross-sectional view of the nozzle accord-
ing to Fig. 1, taken along the longitudinal axis thereof;

Fig. 7 is a cross-sectional view of the nozzle accord-
ing to Fig. 1, taken along the longitudinal axis thereof,
in the region adjacent to the second end thereof; and

Fig. 8 is a cross-sectional view of the nozzle accord-
ing to Fig. 1, taken along the longitudinal axis thereof,
in the region adjacent to the second end thereof,
wherein the inner contour of the nozzle in said region
is illustrated by dashed lines.

[0037] The nozzle 1 according to the illustrated em-
bodiment comprises a substantially tubular body 2, ex-
tending from a first end 3 towards a second end 4 thereof.
In the illustrated embodiment, the nozzle 1 is illustrated
in its use position, i. e. with the first end 3 of the tubular
body 2 positioned upside and the second end 4 of the
tubular body 2 positioned downside. The tubular body 2
is made of a carbon bonded refractory material.
[0038] The submerged entry nozzle 1 further compris-
es a passageway 5, extending through said tubular body
2, along a longitudinal axis A from said first end 3 towards
said second end 4. Said passageway 5 has the shape
of a cylinder, i. e. a cylinder with a circular cross section
orthogonal to the longitudinal axis A, wherein said pas-
sageway 5 is rotationally symmetrical about said longi-
tudinal axis A. In the use position of the nozzle 1 accord-
ing to the Figures, said longitudinal axis A is extending
vertically.
[0039] At said first end 3, one inlet port 6 opens into
said passageway 5.
[0040] In a region 7 adjacent to said second end 4, four
outlet ports 8 open into said passageway 5. Each of said
outlet ports 8 is slit shaped and extends helically around
said longitudinal axis A.
[0041] In said region 7 adjacent to said second end 4,
in the axial direction of said longitudinal axis A towards
said second end 4, said passageway 5 terminates with
a distance to said second end 4 at a bottom 9. Said bottom
9 comprises a protrusion 10, protruding into said pas-
sageway 5.
[0042] Said protrusion 5 is dome-shaped and, accord-
ingly, tapers in a direction from said second end 4 towards
said first end 3 and terminates in a peak 11, laying on
said longitudinal axis A. Said protrusion 10 is disposed
rotationally symmetrical about said longitudinal axis A.
[0043] The side walls 12 of the protrusion 10 provide
a surface area of the protrusion 10, facing towards said
outlet ports 8, whereas the top region of the protrusion
10, adjacent to the peak 11, is facing upwards towards
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said inlet port 6 and provides a surface area 13 of the
protrusion 10 which is not facing towards the outlet ports
8.
[0044] The angle α between said surface area 12 and
said longitudinal axis A is between about 30 and 45°.
[0045] The four outlet ports 8 are disposed symmetri-
cally about said longitudinal axis A. Insofar, the four outlet
ports 8 are spaced at equal distance from one another
about said longitudinal axis A. The four outlet ports 8
extend through the lateral wall 14 of said tubular body 2
and the end wall 15 of said tubular body 2, delimiting the
tubular body 2 at its second end 4. The gradient angle
of each of said outlet ports 8 is about 45°.
[0046] In said region 7 adjacent to said second end 4,
the tubular body 2 has a cylindrical outer contour with
said outer contour being rotationally symmetrical about
said longitudinal axis A. The tubular body 2 features such
cylindrical contour in a region 16, starting at said second
end 4 and terminating at a distance of about 70 % of the
length of said tubular body 2 towards said first end 3. The
outer contour of the tubular body 2 continues in a coned
portion 17, tapering slightly outwardly. The outer contour
of the tubular body 2 further continues in a portion 18
with a cylindrical outer contour, forming a region adjacent
to said first end 3. The entire outer contour of the tubular
body 2 is rotationally symmetrical about said longitudinal
axis A.
[0047] The cross section of each of said outlet ports 8
tapers in a direction from said passageway 5 towards the
outside of the tubular body 2.
[0048] Each of said outlet ports 8 opens into said pas-
sageway 5 through an orifice 19, with each of said orifices
19 running along said longitudinal axis A for a first dis-
tance 20, and wherein said protrusion 10 runs along said
longitudinal axis A for a second distance 21, and wherein
said second distance 21 overlaps with said first distance
20 for about 80 % of the length of said first distance 20.
[0049] When using the submerged entry nozzle 1, the
submerged entry nozzle 1 is arranged such at a tundish
of a continuous casting machine that the outlet of the
tundish opens into the inlet port 6 of the nozzle 1.
[0050] Further, according to the art, the region 7 of the
tubular body 2 of the nozzle 1, adjacent to said second
end 3, is arranged in a mould.
[0051] Accordingly, molten metal can be poured from
the tundish through the inlet port 6 into said passageway
5, through said passageway 5 to the protrusion 10, is
divided by the protrusion 10 and directed towards the
orifices 19 of the outlet ports 8, and finally conducted
through the outlet ports 8 to the outside of the tubular
body 2 and into the mould.
[0052] When flowing through the nozzle 1, the velocity
of the stream of molten metal is increased when it flows
over the surface area 12, facing towards the outlet ports
8 or the orifices 19 thereof, respectively. The velocity of
the stream of molten metal, running through the outlet
ports 8, is further increased due to the cross-sectional
area of the outlet ports 8, tapering from said passageway

5 towards the outside of the tubular body 2.
[0053] Consequently, the stream of molten metal,
charged through the outlet ports 8 into the mould, has a
high velocity, and thus a high swirling motion is induced
to the molten metal, issuing from the nozzle 1.

Claims

1. Submerged entry nozzle (1) through which molten
steel can be poured from a tundish into a mould, said
nozzle comprising:

1.1 a substantially tubular body (2), extending
from a first end (3) to a second end (4);
1.2 a passageway (5), extending through said
tubular body (2) along a longitudinal axis (A)
from said first end (3) towards said second end
(4);
1.3 at least one inlet port (6), opening into said
passageway (5) at said first end (3);
1.4 a plurality of outlet ports (8), opening into
said passageway (5) in a region (7) adjacent to
said second and (4), wherein each of said outlet
ports (8) is slit-shaped and extends helically
around said longitudinal axis (A);
1.5 and wherein said passageway (5) termi-
nates in the axial direction of said longitudinal
axis (A) towards said second end (4) with a dis-
tance to said second end (4) in said region (7)
adjacent to said second end (4) at a bottom (9),
wherein said bottom (9) comprises a protrusion
(10), protruding into said passageway (5).

2. Nozzle according to claim 1, wherein said protrusion
(10) has the shape of a pyramid, a cone, a truncated
cone or is dome-shaped.

3. Nozzle according to at least one of the preceding
claims, wherein said protrusion (10) comprises a sur-
face area (12), facing towards said outlet ports (8).

4. Nozzle according to at least one of the preceding
claims, wherein said protrusion (10) comprises a sur-
face area (12), facing towards each of said outlet
ports (8).

5. Nozzle according to at least one of the preceding
claims, wherein said protrusion (10) tapers in a di-
rection from said second end (4) towards said first
end (3).

6. Nozzle according to at least one of the preceding
claims, wherein said protrusion (10) tapers in a di-
rection from said second end (4) towards said first
end (3) and ends in a peak (11) lying on said longi-
tudinal axis (A).
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7. Nozzle according to at least one of the preceding
claims, wherein the angle (α) between said surface
area (12) of said protrusion (10) and said longitudinal
axis (A) is between 20 and 60 degrees.

8. Nozzle according to at least one of the preceding
claims, wherein each of said outlet ports (8) opens
into said passageway (5) through an orifice (19) with
each of said orifices (19) running along said longitu-
dinal axis (A) for a first distance (20), and wherein
said protrusion (10) runs along said longitudinal axis
(A) for a second distance (21), and wherein said sec-
ond distance (21) overlaps with said first distance
(20) for at least 50 % of the length of said first distance
(20).

9. Nozzle according to at least one of the preceding
claims, wherein said passageway (5) has a circular
cross-section.

10. Nozzle according to at least one of the preceding
claims, wherein said passageway (5) has a cylindri-
cal contour.

11. Nozzle according to at least one of the preceding
claims, wherein said tubular body (2) has a cylindri-
cal outer contour at least in the region (7) of said
outlet ports (8).

12. Nozzle according to at least one of the preceding
claims, wherein said outlet ports (8) allow discharg-
ing of molten metal out of said tubular body (2) radi-
ally to said longitudinal axis (A) and axially to said
longitudinal axis (A) in a direction towards said sec-
ond end (4).

13. Nozzle according to at least one of the preceding
claims, wherein said outlet ports (8) extend through
the lateral wall (14) of said tubular body (2) and the
end wall (15) of said tubular body (2), delimiting said
tubular body (2) at said second end (4).

14. Nozzle according to at least one of the preceding
claims, with a reducing cross-sectional area of said
outlet ports (8) in the direction from said passageway
(5) to the outside of said tubular body (2).
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