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mesne assignments, to Republic Steel Corpora-
* tion, Cleveland, Ohio, a corporation of New

Jersey

Application August 24, 1948, Serial No. 45,326
5 Claims, (CL 266—41)

‘This invention relates to the cooling of tuyéres
of the type commonly used in delivering the air
blast to blast furnaces. In particular, it relates
to a novel means of cooling the tuyéres.

As is well known, the severe operating condi-
-tions to which tuyéres are subjected, particularly
in the nose areas, cause rapid burning out unless
special means for protection are employed. The
special means heretofore proposed have taken
many forms; the forms now commonly used com-
prise circulating cooling water between double
walls provided in the tuyére body. Nevertheless,
and in spite of a number of ingenious systems for
increasing the effectiveness of this cooling water
with respect to transferring heat away from the
tuyére nose, the heat transfer through the wall
of the tuyére at its nose is insufficient to prevent
fairly frequent burn-outs.

In accordance with the present invention, part
or all of that nose area of the tuyére which is
exposed to the high temperature of the furnace
(i. e. the nose wall and adjacent areas of the
" concentrie side walls of the tuyére) is replaced
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by & permeable wall area of meta] or ceramic, -

and means are provided for conveying s fluid me-
dium through such permeable wall area from the
inside to the outside and toward the interior of
the furnace. The term “permeable nose” will
be used hereinafter to denote this nose area hav-
ing permeable walls, whether such permeable
walls are located entirely in what is ordinarily

termed the nose wall itself, or in the adjoining

concentric tuyére walls, or both. The fluid is
therefore not only in contact with the interior
surface of the permeable nose area, as is con-
ventional, but also with its exterior surface, which
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by the tuyére, they are of no effect upon the re-
actions taking place within the furnace. With
liquids, on the other hand, care should be taken
to avold introducing so much as to unbalance the
reactions taking place within the furnace. This,
however, may be readily accomplished by limiting
the number of ths permeable-nosed tuydres of
this invention to less than all of those in a given
furnace, or by limiting the permeable nose area,
or by modifying and adjusting the conditions and
controls of the furnace reaction in connection
with the supply of fluid through the permeable
noses, or by any appropriate combination of these
factors. o :

All of the fluid conveyed into the permeable
nose may be passed through the pores or holes
in the nose into the furnace, or only part of the
fluid may be so passed and the balance returned
for removal or recirculation or other disposal.
The fluid should be sufficiently free of suspended
solids, and also of dissolved solids, if the fluid is
a liquid, so that the suspended solids will not
plug the pores or holes, and the dissolved solids
will not form a crust which would cover or plug
the pores or holes at or adjacent the outside sur-
face where the liquid evaporates. It may, how-
ever, be advantageous to have a non-plugging de-
posit formed from the dissolved -solids and laid

- down on the outside surface of the permeable
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-S0 far as we are aware has never been suggested -

.heretofore. As a result, the cooling effect of the
cooling fluid extends throughout substantially the
_entire thickness of the permeable nose, thereby
reducing the number of burn-outs to g degree

which has not hitherto been believed possible. -

The permeable nature of the walls of the nose
area may be attained in any suitable manner, for
example by forming them porous initially, or by
perforation of initially impervious walls, as de-
scribed in more detail below. .
The cooling fluid may be a liquid, such as wa-
ter, or a gas, such as air. Liquids are advanta-
geous in that they absorb considerable heat when
vaporizing, as they do at or adjacent the out-
side surface of the permeable nose, thereby pro-
ducing added cooling effec. ‘Gases, on the other
hand, are advantageous in that, if of substan-
" tially the same.constitution as the blast delivered
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weall. " In such cases, the nature of the dissolved
solids and the pressure of the liquid passing
through the walls should be sufficient to avoid any
significant plugging of the pores.

" Furthermore the fluid, if a\ liquid, should be
sufficiently Jow in dissolved gases to obviate any
appreciable formation of \gaﬁi\]bbckets in the hol-
low nose or its permeable wall. Such pockets, if
of appreciable size, may interfere with the flow
of the liquid. .

It is therefore advantageous to provide a tuyére
having its main body of the usual hollow double-
wall construction, and to have the psrmeable
nose portion also hollow but compartmentalized
by a suitable barrier from the hollow body of the
tuyére. A separate water supply means is pro-
vided for each of said two hollow parts. Thus it

* is possible to lead the ordinary cooling water into
- and through the hollow main body of the tuyére,
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and to lead the solids-free cooling fluid into the
hollow permeable-walled nose portion of the
tuyére. Since the said ordinary cooling water

- will usually constituie the main bulk of cooling

fluid furnished to the entire tuyére; it becomes
unnecessary to supply purified cooling. fluid ex-
cept to the hollow permeable-walled nose por-
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tion. The purified cooling fluid may advanta-
geously be conducted from its source by conduits
passing through the hollow space in the main
body of the tuyére formed by the inner and outer
walls thereof, and thence to the hollow perme-
able-walled nose portion. Sufficlent pressure is
applied to said purified cooling fluid to cause it
to pass through the pores or holes of said nose
portion. On the other hand, when the cooling
water supplied to the main body of the tuyére
also has properties which render it suitable for
supplying to the permeable nose, it may be used
for both purposes. In such instances no barrier
is necessary between the meain body and the nose
portion of the tuyére, and no separate means of
supply is required for the nose portion. The
tuyére then may be of conventional contruction
but with a permeable insert in the nose area, or
with fine holes drilled or formed in said area, for
example.

The permeable wall of -the nose portion may
be made in any suitable manner, of which sev-
eral are known, and set into the body of the
tuyére by suitable means. The said wall may
convenicntly be made from a mass of particles
suitably sized to ensure proper porosity, which
mass is shaped and sintered, or otherwise proc-
essed, to produce the final structure of the desired
shape and porosity. For example, the said mass
may be pressed or jiggled or otherwise formed
into the desired shape with or without the aid
of a temporary binder, and then sintered to cause
the particles to bond and any binder to vola-
tilize, but at a temperature insufficient to cause
melting with consequent plugging of the pores.
If the said mass is composed of metallic particles,
the final shape may be brazed, welded, or other-
wise joined to the metallic tuyére body. On the
other hand, if the said mass is composed of
ceramic particles, it may be attached to the tuyére
body by suitable projections, fins, or other engag-
ing parts, or by cementing. Alternatively, the
permeable nose portion may bes initially made
with impermeable walls, and these walls may then
be provided with many small holes, as by punch-
ing or drilling, at the desired areas.

The tuyéres of blast furnaces have a tendency
to burn out first around the bottom portion of
the nose. It has already been indicated herein
that the amount of cooling fluid to be passed
through the nose, when this fluid is a liquid, may
desirably be limited so as not to unbalance the
furnace operation. It follows accordingly that,
under some conditions, only that portion of the
tuyére nose near the bottom may be made per-
meable instead of more or all of the hose por-
tion.

This invention will be more fully understood
by reference to the accompanying drawings,
which are to be considered as illustrative and
not limiting, and wherein:

Fig. 1 is a side elevation showing the back wall
of a tuyére and illustrating one embodiment of
this invention; )

Fig. 2 is a sectional view along the plane indi-
cated by the arrows 2—2 of Fig. 1;

Fig. 3 is a sectional view along the plane in-
dicated by the arrows 3—3 of Fig. 1;

Fig. 4 is a sectional view taken similar to that
of Fig. 3 but showing a modification thereof;

Fig. 5 is a sectional view of a modified form of
the permeable nose portion shown in Figs. 2, 3
and 4;

Fig. 6 is a.slde elevation showing the lower
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4
able Insert therein; according to another embodi-
ment of this invention;

Fig. 7 is a sectional view along the plane indi-
cated by the arrows T-—T7 of Fig. 6;

Fig. 8 is a sectional view taken similar to that
of Fig. 7 but showing a modification thereof; and

Fig. 9 is a sectional view similar to Fig. 8 but
without the barrier walls between the nose por-
tion and the main body of the tuyére.

In the drawings, Figs. 1 to 5 inclusive show an
embodiment of this invention wherein the entire
nose portion of the tuyére is permeable, and Figs.
6 to 9 inclusive show another embodiment where~
in the permeable portion of the nose wall is con-
fined to a small area located along the lower part

~of the nose.

Referring now to Figs, 1 to 5 inclusive, nu-
meral 10 represents the main body of a tuyére
having outer and inner concentric walls 12 and
14, respectively, back wall 16, and front or bar-
rier wall {8, all defining a generslly annular
chamber 20 for circulation of cooling fluid which
is supplied to said chamber in the conventional
manner by pipes (not shown) which engage the
threaded openings 22, 24 in the back wall {6 of
the tuyére. Numeral 26 represents the perme-
able nose of the tuyére, here shown as a piece of -
generally annular form and U-shaped cross see-

-tion, and attached in fluid-tight relation to front

or barrier wall {8 of the main body of the tuyére.
There is thereby provided the annular fluid space
28 within said nose 26. Space 28 is supplied with
fluid by pipe 30 which passes through chamber 20.
A smaller return pipe 32 may be provided (see
Fig. 3) for return of a portion of the fluid sup-
plied to space 28 by pipe 80. Alternatively (see
Fig. 4) there may be no return pipe if all the
fluid supplied through pipe 30 is passed through
the pores or holes in nose 26; hence pipe 32 may
be omitted and opening 34 plugged with plug 26.
In any event, pipe 30, and pipe 82 when used, are
arranged to keep out-of-contact with each other
the fluids within said pipes, on the one hand, and

- the fluld within annular chamber 20, on the other.

The permeable nose may have walls of porous
metal or ceramic as shown in Figs, 2, 3 and 4, or
may have otherwise impermeable walls which are
provided with drilled or punched holes 38, as

‘shown in Fig. 5.

In the operation of the tuyére shown in Figs.
1 to 5 inclusive, cooling water for the main body
10 of the tuyére is circulated through annular
chamber 20 thereof by means of supply pipes
(not shown) positioned in openings 22, 24, as al-
ready stated. Fluid (gaseous or liquid) is led
through pipe ‘30 into annular space 28 of the
nose 26, and passes through the pores or open-
ings in the walls of said nose. A portion of said
fluid may be returned through pipe 32.

The hot sir blast for the furnace of course
passes through the central opening 25 of the
tuyére, from right to left in Figs. 2, 3, and 4, from
the blast source into the furnace into which the
tuyére nose projects.

When a gas such as air is the cooling fluid sup-
blied to nose 26, through pipe 30, a modification
of the foregoing procedure may be employed, if
desired, to guard against the hazards of back-
drafts, which may cause explosions when mixing
with the air or gas coming through the porous
nose. According to such modification, when 2
back-draft occurs, pipe 32 is used to supply water
or other suitable liquid to space 28, and the sup- .
ply of air or gas through pipe 30 is cut off. After

part of the front wall of a tuyére with & perme- 78 the danger of back-draft is over, the water sup-
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ply through pipe 32 is discontinued and flow of
air or gas through pipe 30 is resumed.

In the embodiment shown in Figs. 6,7and 8, a
tuyére having outer and inner concentric walls
40 and 42, respectively, back wall 44, and nose wall
48, all defining a generally annular chamber 48
for circulating cooling fluid in conventional man-

ner (e. g. as shown in Figs. 1 and 2), is provided '

with a permeable portion 80 of the nose wall lo-
- cpted along the lower part of the tuyére nose.
Behind this permeable portion 58 are fluid-tight
walls 52, 54, forming fluid space 56. This space
8§ is supplied with cooling fluid by pipe §8, and
- this fluid passes out through the pores or holes
In permeable portion §0. If desired, a return
pipe 80 may be provided (see Fig. D, to convey
‘back a portion of the said fluid; this pipe, being
ordinarily considerably smaller than pipe .58,

may if convenient be placed within pipe 58; as

shown, If said fluid is a liquid which is likely to
result in some gas formation within space -56,
pipe 60 may be bent upwardly at its inner end, as
shown at §2, so as more readily to remove such
gas from said space. In fact, pipe 60 may be used
primarily for gas removal, with relatively little
liquid return therethrough. . .

The embodiment shown in Fig. 9 is suitable for

use when the cooling liquid for the main body. of

- the tuyére is of such properties that it can also
be used for passing through the permeable nose
portion. This embodiment is the same as that of
Fig. 8 except that the fluid-tight walls 52, 54 and
the pipe 58 are omitted. The cooling liquid- for

~-the tuyére may be introduced through a pipe
(not shown) which engages the threaded open-
ing 64, and after circulating- through the tuyere
and in part passing through permeable portion
80, it passes out through a similar opening else-
where in the back wall 44 of the tuyére, in the
usual manner,

Other modifications than those specifically i1~
lustrated above will occur to those skilled in this
art. However, it is intended to cover all such
modifications as fall within the scope of the ap-
Pended claims. :

What is claimed is: '

1. Ina tuyére, an inner wall defining a pas-
sageway through the tuyére, an outer wall spaced
from the inner wall, sald inner and outer walls
being generally annular in cross-section, a nose
wall, and a back wall spaced from the nose wall,
said nose wall and said back wall cooperating
with said inner and outer walls to define a jackep
for cooling fluid, said jacket surrounding said pag-
Sageway, m:ans for supplying cooling fluid to the
Jacket, and a permeable ares at least in part-in
sajd nose wall permitting passage of said fluid
therethrough. - e

2. In a tuyére, an inner wall defining a pas-
gageway through the tuyére, an outer wall spaced
from’the inner wall, a nose wall, and a back wall
apaced from the nose wall, said walls cooperating
Yo define s jacket for cooling fluid, said Jacket
Suwrrounding said passageway, g permeable area

~
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in said nose wall permitting passage of said fluid
therethrough, a barrier wal] between said nose
wall and said back wall and spaced from each to
divide said jacket into two parts, and means for
Separately supplying cooling fluid to each of said
parts.
3. In a tuyére, an inner wall defining a pas-
sageway for a gaseous fluid through the tuyére,
an outer wall spaced from the inner wall, a nose
wall permeable to a cooling fluid, and a back wall
spaced from the nose wall, said walls cooperat-
ing to define an annular jacket for cooling fluid,
said jacket surrounding said passageway, & bar-
rier within said jacket separating said jacket
into a first annular space defined in part by said
nose wall and a second annular space rearwardly
thereof and out of contact with said nose wall,
means for supplying cooling fluid to said first
Space under sufficient pressure to cause it to pass
through the pores in said nose, and means for sup-
plying another cooling fluid to said second space.
4. In a tuyére, an inner wall defining a pas-
sageway for a gaseous fluid through the tuyére,
an outer wall spaced from the inner wall, a nose
wall permeable to a cooling fluid, and a back wall
spaced from the nose wall, said walls cooperating
to define an annular jacket for cooling fluid, said
Jacket surrounding said passageway, a barrier
within said jacket separating said jacket into a
first annular space defined in part by said nose
wall and a second annular space rearwardly
thereof and out of contact with said nose wall,
means for supplying a gaseous cooling fuid to
sald first space under sufficient pressure to cause
it to pass through the pores in said nose, means

for supplying a liquid cooling fluid to said fArst

Space, and means for supplying another cooling
fluid to said second space.

5. In a tuyére, an inner wall defining a pas-
sageway through the tuyére, an outer wall spaced
from the inner wall, said inner and oufer walls
being generally annular in cross-section, a nose
wall and a back wall spaced from said nose wali,
sald nose wall and said back wall cooperating with
said inner and outer walls to define a jacket for
cooling fluid, said jacket surrounding said pas-
Sageway, means for supplying cooling fluid to the
jacket and a permeable area disposed at least in
part in said nose wall and in part in a portion of
one of said inner and outer walls contiguous with
the permeable area in sald nose wall permitting
bassage of said fluid therethrough. )

WILLIAM HINCKLEY AVERY.
BRUCE SCOTT OLD.
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