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VORTEX INHIBITOR FOR MOLTEN METAL 
DISCHARGE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a continuation of reissue application Ser. No. 
08/277,374 filed on Jul 19, 1994 now abandonded, which is 
a continuation of reissue application Ser: No. 07/770, 128 
filed Oct. 2, 1991 now abandonded which is a reissue of U.S. 
Pat. No. 4,871, 148 issued Oct. 3, 1989. 

BACKGROUND OF THE INVENTION 

I. Field Of The Present Invention 
The present invention relates generally to metal making 

apparatus, and more particularly to apparatus for Separating 
Slag from molten metal as the molten metal is transferred 
from a receptacle. 

II. Description Of The Prior Art 
In metal making processes, the flow of molten metal 

through the discharge nozzle of a receptacle Such as a 
furnace, tundish or ladle induces a Swirl to the molten metal 
above the discharge nozzle. At a critical level, the energy of 
the Swirl creates a vortex, whereby the Slag layer lying on 
top of the molten metal is Sucked into the nozzle and mixes 
with the molten metal being poured through the nozzle. 
Several devices have been known to inhibit introduction of 
the slag to the discharge nozzle in order to avoid the 
contamination of the poured metal. Before Such devices 
were introduced, it was necessary to terminate pouring by 
closing the nozzle while the molten metal is at a level above 
the point at which Suction action of the Vortex draws slag 
downwardly into the discharge nozzle. Such a procedure 
traps a large amount of molten metal in the receptacle and 
reduces effective yield of the melt. 

U.S. Pat. No. 4,494,734 to LaBate, et al. discloses a dart 
incorporating a depending guide member engageable in the 
tap hole to direct accurate placement of the Stopper body 
toward the tap hole. The patent discloses alternate configu 
rations of the Stopper body which are taught to cause 
Swirling of the metal. The patent teaches that Visual obser 
Vation of the Swirling metal and slag indicates when tapping 
of the furnace is to be terminated. 
Many of the previously known devices for restricting slag 

from flowing through the discharge nozzle were in the form 
of plugs which lodge in the discharge nozzle to prevent 
further pouring through the nozzle. For example, U.S. Pat. 
No. 2,810,169 to Hofer discloses the use of a slag dam as 
well as a plug. 3 which is mechanically controlled for 
placement during the pouring operation. However, Such 
units are large and expensive to build, and numerous parts 
are Subjected to the harsh environmental conditions of 
molten metal. Consequently, the cost of repairing or replac 
ing the parts Substantially increases the costs of metal 
making. 

Other known devices for Separation of Slag and molten 
metal during discharge comprise bodies which are Self 
Supporting in the molten metal layer. This is accomplished 
by constructing the body with a Specific gravity between the 
Specific gravity of the molten metal and the Specific gravity 
of the slag layer. One such device with such controlled 
density is a spherical body which is drawn by the vortex into 
the nozzle and lodges in the nozzle to obstruct further flow. 
However, such a device is difficult if not impossible to 
remove, and frequently required replacement of the nozzle 
sleeve. 
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2 
U.S. Pat. No. 4,526,349 to Schwer discloses an annular 

disc having a specific gravity which permits it to Separate 
Slag at the interface between the Slag and Steel. However, 
this patent also contemplates that a spherical body is drawn 
by the Suction of the Vortex into the discharge nozzle 
opening to cut off fluid flow. The patent discloses that two 
discrete articles are necessary. While the ring is taught to 
counter the effect of the vortex formed over the discharge 
nozzle, the Sphere merely closes off pouring when slag is 
about to be introduced to the discharge no ZZle. 
Consequently, the problems previously discussed are 
encountered. 
A Self-Supporting device particularly developed to inhibit 

the Vortex formation was disclosed in the present applicant's 
previous U.S. Pat. No. 4,601,415. That patent defined a 
tapered, polygonal body designed to generally conform with 
the shape of the Vortex along its length So as to extract 
energy from Swirling movement of the molten metal. Unlike 
previously known plug bodies, the patented Vortex inhibitor 
was taught to be Self-orienting by its Vortex conforming 
shape. However, to assure apex downwardly positioning, the 
patent also disclosed a weighting means embedded in the 
refractory body. Moreover, while the patent teaches that the 
shape of a polygonal cross-section may be changed to adjust 
the degree of plugging or the throttling effect as the body 
enters the discharge nozzle, it was found that changing the 
shape of the vortex inhibitor from the tetrahedral shape of 
the preferred embodiment could affect the orientation sta 
bility of the body. In particular, as the body is subjected to 
outside influences during placement in the molten metal bath 
or during movement of the receptacle from which the molten 
metal is being discharged, the geometrical proportion can 
disrupt the apex downward orientation desired. Moreover, 
the use of a separate weighting means, Such as a core, 
Substantially increases the complexity of producing the 
vortex inhibitor and has been disfavored. 

SUMMARY OF THE PRESENT INVENTION 

The present invention overcomes the abovementioned 
disadvantages by providing a Vortex inhibitor made from a 
uniform castable refractory body having a regular pyramidal 
shape geometrically proportioned to maintain the center of 
gravity below the center of buoyancy and closer to the apex. 
AS a result, the tapered body orients itself apex downwardly 
in the molten metal without the time consuming and labo 
rious efforts require to embed a weighting core within the 
refractory body. Furthermore, by uniformly tapering the 
body with the predetermined geometrical proportions of the 
present invention, the body making molds can be partially or 
fully filled without affecting the relative positions of the 
center of gravity and the center of buoyancy to maintain the 
Self-orienting characteristic of the body. 

In general, the Vortex inhibitor of the present invention 
comprises a body made of uniform castable refractory 
material. It is to be understood that the term uniform does 
not require complete homogeneity of material and includes 
the intermixture of shot, steel fiber or other materials which 
may be consistently mixed with a castable refractory mate 
rial to adjust the Specific gravity of the body. In any event, 
the Specific gravity of the uniform mixture is Selected So that 
it is buoyantly Supported at the interface of the slag layer and 
the molten metal layer. 
The body has a Substantially regular pyramidal shape. AS 

used herein, the term regular is to be understood as meaning 
defined by a base Substantially perpendicular to the longi 
tudinal axis, whereby the body has a Substantially consistent 
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shape at any perpendicular cross-section and where each 
Such cross-section is centered on the longitudinal axis of the 
body. Moreover, the terms pyramidal shape mean any body 
tapered toward an apex from a base, regardless of whether 
the base is formed as a simple or complex polygon, or a 
rounded or circular figure. The taper is preferably consistent 
along the length of the body. Such bodies generally conform 
with the shape of the vortex formed by the Swirling molten 
metal above the discharge nozzle. Moreover, as opposed to 
previously known plugs or darts used for the purpose of 
plugging or throttling the nozzle, the body is formed as a 
Vortex inhibitor, that is, it includes Some means for inhib 
iting continuous laminar flow about the body. For example, 
Vortex inhibiting Surface features include discrete, noncon 
tinuous SideS Such as those extending from a regular polygo 
nal base or a complex polygonal base, as well as flats, 
recesses or projections extending lengthwise along the body. 

The shape of the body is further defined as geometrically 
proportioned to maintain the center of gravity below the 
center of buoyancy. In bodies having a regular pyramidal 
shape as discussed above, the geometric proportion may be 
defined in relation to a base length defined as the diameter 
of a circle scribed by the outermost points of the base of the 
body. In this case, the ratio of the longitudinal height 
dimension of the body to the base length is preferably within 
the range of 0.5:1 to 1:1. Optimally, the ratio of the longi 
tudinal height to the base length is one-half of the Square 
root of two to one (v2/2:1) i.e. the longitudinal length is 
about 0.707 times the base length. Such structural relation 
ships of the uniform castable refractory body with controlled 
density assure that the center of gravity is Sufficiently 
Separated from and below the center of buoyancy toward the 
apex to buoyantly Support the body apex downward. Of 
course, the base length is Selected to be longer than the 
diameter of the discharge nozzle So that the body can be 
lodged in the nozzle. 

Thus the present invention provides a uniform body 
which is simple to make Since it is easily formed by pouring 
a Single mixture into a mold. Nevertheless, the body is 
automatically Self-orienting So that its apex extends down 
Wardly toward the discharge nozzle of a molten metal 
receptacle. As a result, the Vortex inhibitor is Self-aligning 
within the vortex Swirl caused by the discharge of molten 
metal. In addition, a vortex inhibitor body constructed in 
accordance with the present invention maintains the Sepa 
ration of the center of gravity and the center of buoyancy 
relationship regardless of the number of Sides, projections, 
recesses or other configurations used to deemergize the 
Vortexinducing Swirl. As a result, the Vortex inhibiting body 
can be constructed regardless of the throttling ratio neces 
Sary to interrupt discharge of the molten metal through the 
nozzle while maintaining Separation between the Slag layer 
and molten metal in the receptacle during a pouring opera 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly understood by 
reference to the following detailed description of a preferred 
embodiment when read in conjunction with the accompa 
nying drawing in which like reference characters refer to 
like parts throughout the views and in which: 

FIG. 1 is a elevational view of a molten metal receptacle 
containing a Vortex inhibitor constructed in accordance with 
the present invention; 

FIG. 2 is a perspective view of the vortex inhibitor shown 
in FIG. 1; 
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4 
FIG. 3 is a sectional view taken substantially along the 

line 3–3 in FIG. 2; 
FIG. 4 is a top plan view of a modified vortex inhibitor 

constructed in accordance with the present invention; 
FIG. 5 is a sectional view taken substantially along the 

line 5–5 in FIG. 4; 
FIG. 6 is a top plan view of a further modification of a 

Vortex inhibitor body according to the present invention; 
FIG. 7 is a sectional view taken substantially along the 

line 7–7 in FIG. 6; 
FIG. 8 is a top plan view of another modified vortex 

inhibitor constructed in accordance with the present inven 
tion; 

FIG. 9 is an elevational view taken substantially along the 
line 9-9 in FIG.8; 

FIG. 10 is a top plan view showing further modification 
of a Vortex inhibitor constructed in accordance with the 
present invention; 

FIG. 11 is an elevational view taken Substantially along 
the line 11-11 in FIG. 10; 

FIG. 12 is a top plan view of a further embodiment of a 
Vortex inhibitor constructed according to the present inven 
tion; and 

FIG. 13 is a perspective view of the body shown in FIG. 
12. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring first to FIG. 1, a molten metal receptacle 10 is 
shown having a bottom wall 12 with a discharge nozzle 14. 
The receptacle 10 can be a furnace, ladle, tundish or other 
receptacle from which molten metal is discharged through 
the nozzle 14. Regardless of the type of receptacle, the 
receptacle 10 is shown containing a layer of molten metal 
16. A layer of Slag 18, having a specific gravity less than the 
Specific gravity of the molten metal 16, rests on top of the 
layer of molten metal 16. A vortex inhibitor 20 according to 
the present invention is shown Supported at the interface of 
the slag layer 18 and the molten metal layer 16 within the 
receptacle 10. 

Referring now to FIG. 2, the vortex inhibitor 20 com 
prises a body 22 having a hexagonal base 24. The outermost 
points of the base or vertices of the hexagon intersect a circle 
circumscribed about the base. The diameter of the circle is 
of course larger than the diameter of the nozzle opening 15 
so that only a portion of the body becomes lodged within the 
nozzle. Due to the harsh environmental conditions within 
the furnace, the diameter of the circle may be Substantially 
larger than the diameter of the nozzle opening 15 So that 
erosion of the body does not reduce the maximum diameter 
of the outermost points of the base to less than the diameter 
of the nozzle opening. 
The body 22 tapers downwardly from the base toward an 

apex 26. The resulting pyramidal shape is Substantially 
regular so that each of the triangular sides 28 of the body 22 
taper at Substantially the same slope toward the apex 26. 
However, Some variation in the Slope of the Sides can be 
accommodated. 
The apex 26 can be automatically oriented downwardly 

when the body is supported in the molten metal 16 by 
assuring that the center of gravity 34 of the pyramid extends 
below the center of buoyancy 36. In the present invention, 
this relationship is established by geometrically proportion 
ing the shape of the Vortex inhibitor, thereby eliminating the 
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need for a separate weighting means between the center of 
buoyancy and the apex 26. While the center of gravity is a 
function of the shape of the body, the center of buoyancy is 
also a function of the body shape as well as the relative 
Specific gravities of the molten metal 16 and the uniform 
castable refractory. 

In particular, the body of the vortex inhibitor 20 is 
geometrically proportioned So that the longitudinal height 30 
of the body is within the range of 0.5 to 1 times the diameter 
32 of the circumscribed circle 25. Optimally, the longitudi 
nal height 30 from the base to the apex is one-half the square 
root of two times the base length, or approximately 0.707 
times the base length 32, provides sufficient stability without 
permitting excessive penetration of the apex into the nozzle 
opening which interferes with throttling. A vortex inhibitor 
body may also be truncated short of an actual apex as shown 
at 31 So long as the narrowest portion of the body can enter 
the nozzle opening 15. However, the base length 32 to height 
30 relationship still applies. 

The preferred controlled density of the uniform refractory 
material occurs when the Specific gravity of a body is greater 
than, and preferably much greater than, about 0.296 times 
the Specific gravity of the metal. The minimum figure 
represents the lowest Specific gravity with which the inven 
tion is expected to operate in the absence of a Slag layer. 
Since a significant amount of Slag is typically involved, the 
much greater relationship is important as a practical matter. 

Referring now to FIG. 4, the vortex inhibitor 20 is there 
shown comprising a body 42 having an octagonal base 44. 
AS with the embodiment shown in FIG. 2, the vertices of the 
octagonal base 44 interSect a circle 25 circumscribed about 
the base and having a diameter dimensioned to exceed the 
diameter of the nozzle opening 15. In addition, the body 42 
tapers downwardly toward an apex 26 due to Substantially 
regular manner. AS shown in FIG. 5, the longitudinal height 
30 is limited to the preferred range with respect to the base 
length 32 So as to assure that the uniform castable refractory 
material is shaped to assure that the center of buoyancy 34 
is above the center of gravity 36 over the apex. 

FIG. 6 shows a further modification of a regular pyrami 
dal body of a vortex inhibitor 20. As shown in the drawing, 
a body 52 has a substantially circular base 54. However 
unlike the flat sides of the bodies 22 and 42 shown in FIGS. 
2 and 4 respectively, Surfaces for inhibiting the Vortex are 
formed by recesses 58 extending along the sides of the 
refractory body 52. Nevertheless, the periphery of the cir 
cular base 54 has a base length 32 related to the longitudinal 
height 30 in the same manner as discussed with respect to 
FIGS. 2 and 4 as shown in FIG. 7. 
The embodiment as shown in FIG. 8 is similar to FIG. 6 

except that the Vortex inhibiting means is provided in the 
form of projections extending outwardly from the periphery 
of a substantially conical body 62. Like the recesses 58 
shown in the body 52, a projection 62 can be tapered from 
the base toward the apex 26. Alternatively, like the recesses 
58 in the body 52, the projections 68 can be of uniform width 
from the base 54 to the apex 26 as shown in phantom line 
at 67. Moreover, while the recesses 58 or the projections 68 
are most effective when extending along the entire length 
from the base to the apex, it may be understood that Such 
projections and receSSes may be truncated short of the entire 
length of the body as shown in phantom line at 69. Variations 
in the width and the depth of the projections or recesses are 
also possible, as indicated by the constant height projections 
illustrated in phantom line at 71 in FIG. 9. In any event, even 
if the body itself is truncated, the base length to longitudinal 
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6 
height relationship is consistent with the previous embodi 
ments as shown in FIG. 9. In addition, a combination of 
Vortex inhibiting Surfaces, for example, a combination of 
recesses and projections, can also be employed as desired 
without departing from the Scope of the present invention. 
As a further example, flat sided recesses 59 are shown in 
phantom line at 59 in FIG. 8. 

While the previously described embodiments have a base 
with a simple geometrical shape, it is also to be understood 
that complex geometrical shapes can also be employed in 
producing the Vortex inhibitor according to the present 
invention. FIG. 10 discloses a refractory body 72 having a 
complex polygonal base 74. In particular, the base 74 
combines a plurality of Simple polygonal shapes emanating 
outwardly from the center of the body 72. The intersection 
of the rectangular polygons 75 form planar surfaces 76 and 
77 which intersect in a “V” and inhibit vortex action, while 
the depth of the V-shaped recesses control the throttling 
effect once the body penetrates the nozzle opening 15. 
Again, the base length 32 to longitudinal height 30 ratio is 
consistent with the embodiments previously discussed as 
shown in FIG. 11. 

Each of the above-described embodiments can include a 
simple ring 38 partly embedded in the body as shown in FIG. 
3, or other looped Support member, for initially introducing 
the vortex inhibitor into the receptacle with the aid of a gaff, 
control arm or the like. However, some throttling bodies 
have been positioned by rolling a spherical body down a 
chute or other guide to a position over the nozzle 14. A 
vortex inhibitor 20 which can be positioned in the same 
manner is shown in FIG. 12. 
A substantially spherical body 82 has been modified to 

include Vortex inhibiting Surfaces by cutting regular recesses 
in the spherical structure. The modification shown in FIGS. 
12 and 13 is formed by truncating the sphere at the inter 
Sections of a regular tetrahedron and the Sphere. The circle 
25 circumscribing the base of the tetrahedron defines the 
base length 32 used to determine the height dimension from 
the base to the apex of the tetrahedron. The flat sides 86 taper 
downwardly toward the apex 26 without substantially inter 
fering with the ability of the body to roll. 
As in the previously discussed embodiments, the body 82 

is still configured so that the center of gravity 34 is below the 
center of buoyancy 36 and towards the apex of the body 82. 
The truncated sphere 82 formed by the tetrahedral truncation 
relationship maintains this geometrical relationship regard 
less of which side 84 is positioned as the base of the 
geometrical shape. In addition, it will be understood that the 
Surface features applied to the generally spherical body 82 
need not be planar, and that recesses tapering toward an apex 
16 from a base 84, as shown in phantom line at 86 in FIG. 
12, conform the body with the shape of the vortex formed in 
the molten metal. 

In any event, the vortex inhibitor 20 according to the 
present invention is easily positioned in previously known 
manners, for example, by hooking a gaff through the Support 
loop 38 and positioning it over the nozzle 14 in the molten 
metal layer 16 contained in the receptacle 10. Despite 
manipulation with the gaff or external forces applied to the 
receptacle 10, the vortex inhibitor 20 remains oriented with 
its apex downward So as to inhibit the Swirling energy of the 
molten metal above the discharge nozzle 14. Alternatively, 
with the embodiment shown in FIGS. 12 and 13, the vortex 
inhibitor can be rolled along a Suitable chute to the position 
over the nozzle opening 15. 

Regardless of the method by which the vortex inhibitor is 
introduced into the layer of molten metals, the Specific 
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gravity of the Vortex inhibitor Supports it at the interface of 
the slag layer 18 and the molten metal 16. Moreover, the 
shape of the vortex inhibitor 20 provides inertia against the 
Swirling motion of the molten metal above the discharge 
nozzle 14 and inhibits the formation of vortex Suction which 
draws the Slag layer into mixture with the molten metal 
pouring through the nozzle. Moreover, the Vortex inhibitor 
20 is easy to make since the body is formed of a uniform 
material which can be simply poured and does not require 
the insertion or embedding of a weighting core. 

Having thus described the present invention, many modi 
fications thereto will become apparent to those skilled in the 
art to which it pertains without departing from the Scope and 
Spirit of the present invention as defined in the appended 
claims. 

I claim: 
1. A vortex inhibitor for molten metal pouring from a 

discharge nozzle comprising: 
a uniform castable refractory body having a specific 

gravity less than the Specific gravity of molten metal 
and having a regular pyramidal shape geometrically 
proportioned So that its center of gravity is below its 
center of buoyancy buoyant Support and toward the 
apex of Said pyramidal shape, wherein Said geometric 
proportion comprises a height to base length ratio in the 
range of 0.5:1 to 1:1, wherein the base length is defined 
as the diameter of a circle circumscribing the Outermost 
edges of the base, whereby Said body is Self-orienting 
in an apex downward position when Supported in 
molten metal. 

2. A vortex inhibitor as defined in claim 1 wherein said 
height to base length ratio is one-half of the Square root of 
2 to 1. 
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3. A vortex inhibitor as defined in claim 1 wherein said 

body has a generally circular base and longitudinal periph 
eral recesses. 

4. A vortex inhibitor as defined in claim 1 wherein said 
body has a generally circular base and longitudinal, periph 
eral projections. 

5. A vortex inhibitor as defined in claim 1 wherein said 
body includes complex polygonal base. 

6. A vortex inhibitor as defined in claim 1 wherein said 
base is hexagonal. 

7. A vortex inhibitor as defined in claim 1 wherein said 
base is octagonal. 

8. A vortex inhibitor as defined in claim 1 wherein said 
body comprises a truncated Spherical body having a base, 
and a plurality of Surfaces tapering from Said base toward an 
apex, wherein Said tapering Surfaces geometrically propor 
tion Said body with Said center of gravity below Said center 
of buoyancy buoyant Support and toward the apex. 

9. A vortex inhibitor for improving the volume of molten 
metal available from a receptacle when pouring through a 
discharge nozzle, the inhibitor consisting essentially of 

a uniform castable refractory body not shaped as a 
regular tetrahedron having a Selected Specific gravity 
less than the specific gravity of molten metal and 
having a regular pyramidal Shape geometrically pro 
portioned by Shaping Other than as a regular tetrahe 
dron SO that its center of gravity is below its center of 
buoyant Support and toward the apex of Said regular 
pyramidal Shape, whereby said body is self-Orienting in 
an apex downward position when Supported in molten 
metal. 


