United States Patent 119 o 3,833,356
Luth [45] Sept. 3, 1974
[54] METHOD AND APPARATUS FOR 1,393,749  10/192]1  Carstens ......ccecoevrinneienne 266/29 X
INJECTING OIL INTO THE TUYERES OF A ;?;;2:3 }g;:ggg g’_utemel 43 ; /5 1/ iz
175, 11 1< JONROUTTUUOYRORO
BLAST FURNACE 2,965,163 12/1960 Lange etal...cccoceocrnnns 239/425 X
[76] Inventor: Friedrich August Karl Luth, 3,154,134  10/1964 Bloom.....cccooenicniiinin 239/431 X
Luegplatz 3, Dusseldorf-Oberkassel, 3,197,305  7/1965  Carlson.......coceomenininenneninnns 75142
Germany 3,207,597  9/1965  Hashimoto et al......cooveeninnne 75/42
[22] Filed: Oct. 21, 1971 Primary Examiner—Carroll B. Dority, Jr.
[21] Appl. No.: 191,451 Attorney, Agent, or Firm—Holman and Stern
[30] Foreign Application Priority Data [57] ABSTRACT
Oct. 21, 1971 Germany.....ccoo.omveeeereerece 2051676 A method and an apparatus for injecting oil into the
tuyeres of a blast furnace preferably if the substitution
(521 US. Cle.ooviiininiinines 75/41, 75/42, 266/41, ratio is above 50 to 100 kg oil/ton of pig iron. The oil
266/29, 239/425, 239/431 is injected into the blast current with a speed at which
[51] IRt Cloveveerrcveiieieierereercrerceneseresannnas C21b 5/00 it is not atomized when leaving the nozzle but injected
(58] Field of Search.......... 266/41, 29, 30; 239/425,  as coherent jets, preferably in radial direction, main-
239/426, 430, 431; 431/4, 8, 187; 75/41, 42, taining their coherence a substantial distance in front
118 of the nozzle. In this way the combustion of the oil is
improved and its utilization can be increased to far
[56] References Cited greater amounts of oil which can be economically in-
UNITED STATES PATENTS jected into the blast furnace in substitution of coke.
290,343 12/1883 Morgan et al. ....coeeviierienennen 75/42 9 Claims, 3 Drawing Figures

=

L

. )j:\}/]? _ SL
T




PAIENTEDSEP} 31874 . 3,833,356

12 Fig. 1
k g |
PR AN s [l
15 &g AT Tu.




3,833,356

1

METHOD AND APPARATUS FOR INJECTING OIL
INTO THE TUYERES OF A BLAST FURNACE

BACKGROUND OF THE INVENTION

The invention relates to a method of adding fuel oil
to a blast furnace, in which fuel oil is added to the
stream of combustion air supplied by a tuyere, and to
a device for carrying out this method.

It is known that the introduction of fuel oil instead of
coke into the blast furnace is effected by spraying the
fuel oil into the furnace blast, i.e. the combustion air
supplied to the blast furnace, and this takes place inside
the tuyeres.

However, the economics of adding fuel oil are con-
siderably limited, because above a certain amount of
oil, generally above 50 to 100 kg oil/ton of pig iron, the
substitution ratio, i.e. the amount of coke effectively
replaced by the addition of oil falls from 1.5 to under
1.0 and below, and at the same time a thick black
smoke occurs, which causes the undesirable settlement
of soot coming from the fuel oil in the flue dust collec-
tor. This flue dust means wasted fuel.

Attempts have already been made to increase the
amount of oil which can be added economically, by the
addition to the fuel oil of additives, but this has had
only limited success. Also a better atomization of the
oil supply jets, which previously blew practically solely
as a spray into the blast current, did not have the de-
sired success. However, on the other hand, a spraying
of this type, i.e. the addition of fuel oil to the furnace
blast in the form of an oil spray of fine little droplets,
which forms immediately before the oil jet, was not
successful even if the oil supply jets had a radial direc-
tion component when being sprayed into the blast cur-
rent. This is because the blast current has a compara-
tively high viscosity which is nearly the viscosity of the
oil and the oil spray cannot be homogeneously distrib-
uted over a broad portion of the cross-section of the tu-
yeres ready to be completely burned just in the mouth
of the tuyere. In the prior art method of injecting the
oil as a spray the oil spray is compressed within the cen-
tral area of the tuyeres and cannot be completely
burned on its way out of the tuyere within about 500
microseconds between the moment of injection until
passing the mouth area of the tuyere. Thus, only a frac-
tional burning is achieved which is not complete and
reduces the oil only to soot without heating effect, as-
suming more than 50 to 100 kg oil per ton of pig iron
are added to the blast.

SUMMARY OF THE INVENTION

Despite an addition of fuel oil of up to about 100 kg
oil/ton of pig iron or more, it is the object of the inven-
tion to obtain a favourable substitution ratio and thus
to avoid the formation of thick black smoke, i.e. unnec-
essary losses by way of soot.

It is also an object of the invention to achieve a broad
and improved homogeneous distribution of the substi-
tuted oil over the cross-section of the blast current
within the tuyeres.

It is a further object of the invention to improve the
injection of oil into the blast current by changing the
manner of the injection of the oil and finding an advan-
tageous ratio of the injecting speed of the oil in relation
to the speed of the blast current.
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Moreover it is an object of the invention to improve
the construction of the nozzles irijecting the oil into the
blast current.

Surprisingly, according to the invention it has been
found that this can be achieved if the oil is injected into -
the tuyere blast from the longitudinal centre of the tu-
yere in radial direction to the tuyere or at about right
angles to the flow of the tuyere blast by means of at
least one oil jet. There results an optimum economy, if
up to 15 percent by weight, preferably up to 10 percent
by weight of water or of water vapour is added to or in-
jected with the oil.

In this case, the injection of the oil in radial direction
should be understood to mean that the oil is injected
and distributed over a considerably wider crosssection

across the blast current than in the known methods.
Moreover, by injection of the oil jet it is meant that the
oil jet leaving the oil nozzle is not atomized into an oil
spray or disintegrated into fine droplets by the blast im-
mediately in front of the nozzle (as it is the case if the
speed of the oil when leaving the nozzle is to low in
comparison with the speed of the blast current), but the
coherency of each oil jet is largely maintained to a
greater distance in front of the nozzle, in order to
achieve a maximum distribution of fuel oil across the
blast current. Only in this way is it possible to distribute
the fuel oil as widely as possible across the furnace
blast, which at approximately 1,250° - 1,300° C has a
comparatively high viscosity. On the basis of the wide
distribution of the fuel oil according to the invention
the disadvantage of the need of excessively more fuel
is avoided which can result due to lowering the hearth
temperature of the blast furnace. This considerably im-
proved distribution of fuel oil is assured with the
method according to the invention especially inside the
tuyere or shortly in front of its orifice, since the possi-
bility of any mixing ocurring deeper in the hearth is lim-
ited on account of the relatively high viscosity of the
flue gases in the blast furnace. In order to keep the oil
jets compact to as far as possible in front of the oil noz-
zle, it is essential that the injection of the fuel oil takes
place at a comparatively high injection speed of at least
20 m/sec compared with the ten times as great (200
my/sec) speed of the furnace blast. In this way the oil
jets atomise only when there is an additional increase
in their speed due to the blast speed, so that their reac-
tion with oxygen occurs after a true mixing reaction,
which is increased widely over the cross-section of the
blast current. '

The value of 20 m/sec for the injection speed of the
oil depends, however, on the individual operation con-
ditions of the furnace. Thus, the scope of the invention
includes all such normal variations. :

Despite the cooling as a result of cracking or cleavag-
ing of the fuel oil caused initially with this fuel oil injec-
tion according to the invention, which cooling is also
shifted in radial direction, if the temperature increase
of the tuyere walls is too high under certain circum-
stances it can be further reduced by the addition of
water vapour or preferably of water to the fuel oil.
Thus, in addition to the effect of the water vapour or
superheated steam as a combustion accelerator, there
is also the cooling effect which occurs when it is added
to fuel oil distributed in a considerably uniform manner
over the entire cross-section of the tuyere.

Since the method according to the invention is based
substantially on a better radial distribution of the fuel

4



3,833,356

3

oil injection, the advantages obtained therewith can
also be obtained if the oil is injected radially and diago-
nally against the blast flow.

Similarly, with a different construction of the tuyeres
an oil injection distributed uniformly over the tuyere
cross-section by means of an injection undertaken from
the periphery of the tuyere and occurring radially in-
wardly, can have advantages, although injecting the oil
in radially outwardly direction is much more preferred.

A preferred, advantageous execution of the method
is achieved with a device or an oil injection nozzle
lance, whose nozzle tip is located in the vicinity of the
longitudinal centre of a tuyere and which is character-
ised according to the invention in that the nozzle tip has
several nozzles distributed over its periphery and di-
rected in radial direction to the tuyere or in a direction
with a considerable radial component or at a steep
angle to the tuyere flow.

Thus, the individual oil nozzles preferably having a
certain length in jeting direction can start from a cen-
tral distribution chamber, in which there is located an
oil-flow nozzle directed in axial direction, in front of
which an eddy chamber is provided so that inside the
distribution chamber a turbulence of the oil/water or
steam mixture occurs.

Such a cooling of -the oil injection lance is essential
for the operation, because the high temperature of the
furnace blast formerly led within a few seconds to a de-
composition of the fuel oil within the lance and thus to
a clogging of the oil nozzle.

With an axially elongated distribution chamber, the
individual nozzles can be distributed over a greater
axial length, whereby instead of only a relatively flat,
radial injection plane, an axially extended injection
zone can be formed, in which the individual nozzles can
additionally inject with varying injection angles. Thus
the fongitudinal axes of the individual nozzles or their
injection directions can intersect, so that the turbu-
lence and atomization of the fuel oil, when having
reached the radially outward area of the cross-section
of the tuyere, is increased by mutual kinetic interfer-
ence of the oil outlet jets. With axially distributed noz-
zles the lance tip is longer, so that no additional ob-
struction of the free cross-section of flow in the tuyere
occurs. With the distribution of the nozzles axially over
the lance head the individual nozzles can also be ar-
ranged offset in their angle relationship.

An additional cooling of the front end of the oil injec-
tion lance is achieved if the oil flow leaving an oil flow
nozzle into the eddy chamber is directed against the
inner surface of the front end of the distribution cham-
ber in the blast direction.

Moreover the simple construction of the oil injection
lance according to the invention allows a construction
with which it can be exchanged easily and quickly in
the tuyere. :

The features according to the invention are moreover
not limited to blast furnaces, but may be applied for all
similar purposes.

The invention is described in detail in the following
in various embodiments with reference to the drawings.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic longitudinal sectional view of
the oil injection according to the invention inside the
tuyere of a blast furnace.

FIG. 2 is an enlarged longitudinal sectional view of a
nozzle tip according to the invention; and

FIG. 3 is a schematic view of a modified nozzle tip
having nozzles located in three different angular posi-
tions.

DETAILED DESCRIPTION OF INVENTION

According to FIG. 1 a nozzle lance 10, having an in-
ternal diameter of, for example, approximately 6 — 8
mm, projects, for example, into a water-cooled tuyere
11, through which there is injected into the hearth of
a blast furnace the furnace blast 12 pre-heated, for ex-
ample, to 1,000° C or more, having a speed, for in-
stance, of 200-320 m/sec. The supply of oil 13 is ef-
fected by means of the nozzle lance 10. Supply pipe 15
admits measured amounts of water or steam 16 passing
from needle valve 14 to lance 10. The amounts of water
or steam 16 varying according to the method of opera-
tion of the blast furnace, which is already available for
the indispensable pre-heating of oil having, for exam-
ple, a pressure of 6 atmospheres. The added amount of
water or steam can always be regulated in a different
manner according to the method of operation of the
blast furnace.

Generally, up to 15 per cent by weight of water or
water vapour is sufficient relative to the amount of oil.
However, in normal conditions, optimum efficiency lies
in the addition of up to 10 per cent by weight of water
or steam, whereby the increase in temperature, which
is normally involved with the addition of oil can be sta-
bilized.

The fuel oil 13 is injected through the nozzle tip, into
the blast stream transverse to the direction of the flow
at approximately 90° (arrow a). The oil injection direc-
tion according to the arrows shown schematically in
FIG. 1 can also deviate a certain amount from the 90°-
radial direction, either forwards (arrow b) or back-
wards (arrow c¢). The nozzle lance 10 or the nozzle tip
1 do not have to be located exactly co-axial the longitu-
dinal central axis L, but can lie off-centre correspond-
ing to the optimum direction of flow of the furnace
blast. Moreover there can also be provided several noz-
zle tips 1 distributed radially.

The nozzle tip illustrated on an enlarged scale in FIG.
2 is releasably connected at 7 to the lance 10 and has
a number, for example 6, 8 up to 12, of individual noz-
zles 2 directed radially outwardly, having a diameter,
for example, of 3 mm and a noticeable length of bore.
Through each tuyere and nozzle tip approximately 260
kg of fuel oil can be injected, at approximately 3 atmo-
spheres excess pressure in the nozzle lance 10 with re-
spect to the blast pressure, and a viscosity of 15 ¢St
having an outlet speed of approximately 20 - 25 m/sec.
The distance of the nozzle tip 10 from the front tuyere
aperture amounts to, 250 mm for example, with an av-
erage diameter of the tuyere of 200 — 300 mm.

The nozzle tip 1 has a central distribution chamber
3, from which the nozzles 2 start and into which an oil
flow nozzle 4 can project, which supplies the oil 13 to
the front end 6 of the distribution chamber 3 so that
this end can be cooled. In front of the oil flow nozzle
4 there is thus set up simuitaneously an eddy chamber
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5, from which the oil 13 is injected out through the noz-
zles 2.

An axially extended nozzle tip 1a, according to FIG.
3 can also be used in which the fuel oil reaches the fur-
nace blast 12 by means of an injection region 17 ex-
tending in axial direction of the tuyere. With this, the
injection angle of the individual nozzles can also be di-
rected obliquely according to the arrows d, ¢ and f in
FIG. 3, in particular obliquely or inclined to each other,
so that at the same time as the more regular distribution
of the oil supply over the tuyere crosssection the atom-
ization followed subsequently to the distribution is im-
proved. Moreover the front set of nozzles respectively
can have an injection direction which can be directed
backwards, in order to compensate for the effect in the
speed of the blast. At any rate, every injected jet of oil
first has a radial path which on the way radially out-
ward is similar to a parabolic curve which is changed
at about two-thirds of the inner radius of the tuyere
outward to the axial direction. The initial speed of the
oil is calculated such that the oil jets do not contact the
inner walls of the tuyeres. The desintegration or atom-
ization of the jet beams starts approximately in the area
at which their direction is turned to the axial direction.

The oil supply can be regulated by changing the sup-
ply pressure, but a better way is to replace the nozzle
tips 1. Nozzle tips for different total amounts of oil to
be injected can be kept available for 50 kg oil/h or 60
kg oil/h etc, so that the optimum injection characteris-
tics are attained at the time of changing the total of the
oil supply.

A further possibility for improving the uniformity of
the fuel oil injection, lies in forming the diameter of the
individual nozzles in a different manner systematically
so that, for example, one set of nozzles covers a narrow
injection area and another set of nozzles covers an
outer injection area.

Finally, the uniformity of the fuel oil injection can be
attained by the angularly staggered arrangement along
the periphery of the nozzle tip 1 of two axially spaced
sets of nozzles.

With the method and apparatus according to the in-
vention it is possible to achieve a comparatively high

specific heat capacity for each tuyere, which capacity
considerably exceeds the value of 1 Gcal/liter space of
the tuyere, which value in the known art up to now was
regarded as a maximum limit. This is achieved without
‘having additional amounts of soot.

What is claimed is:

1. A method for injecting more than 50-100 kg fuel
oil/ton of pig iron into a blast furnace or the like com-
prising the steps of passing combustion air at a temper-
ature of about 1,000°C through a tuyere having a longi-
tudinal axis and a smooth continuous inner wall having
a frusto-conical shape becoming smaller in cross sec-
tion in the direction of the combustion air flow; posi-
tioning at least the nozzle of an oil lance along the axis
of said tuyere, which oil lance has a plurality of nozzles
about the circumference of the lance, the axis of each
nozzle being generally directed radially outwardly in-
troducing up to 15 percent by weight of water to the
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fuel oil; then injecting a stream of liquid oil and water
through the nozzles generally radially outwardly to-
wards the inner wall of the tuyere at an exit speed rela-
tive to the speed of the combustion air passing through
the tuyere of approximately a ratio of 1:10 such that
the injected oil and water remains a coherent stream
until it has traveled the majority of the distance to the
inner tuyere wall at which time it atomizes thereby
achieving a greater distribution of oil in the combustion
air of a tuyere.

2. The method as claimed in claim 1 wherein the exit
speed of the fuel oil is at least 20 m/sec.

3. The method as claimed in claim 2 wherein the exit
speed is 25 m/sec.

4. The method as claimed in claim 1 wherein the noz-
zle is positioned from the exit of the tuyere along the
longitudinal axis of the tuyere a distance approximately
equal to the diameter of the tuyere.

5. The method as claimed in claim 1 wherein the
water is in the form of steam, 10 percent by weight is
introduced, and the steam condenses to liquid after it
is introduced into said fuel oil.

6. The method as claimed in claim 1 wherein some
of the radial nozzle axes being at a 90° angle to the lon-
gitudinal axis and other of the radial nozzle axes,
spaced downstream said 90° angle axes being inclined
towards the direction of flow of the combustion air so
that the coherent streams of oil injected through the
nozzles impinge at a radial distance from the lance
which augments the atomization.

7. The method as claimed in claim 1 wherein the oil
stream remains coherent following a parabolic curve
until about two-thirds of the radial distance from the
nozzle exit to the inner wall of the tuyere has been tra-
versed at which time the stream is atomized.

8. Apparatus for injecting fuel oil into a blast furnace
or the like comprising a tuyere having a longitudinal
axis and a smooth continuous inner wall; an oil lance
positioned along the axis of said tuyere; a cap on the
end of the oil lance and an oil flow nozzle of gradually
decreasing cross-section axially upstream said end so as
to form an eddy chamber between the end of the cap
and the oil flow nozzle; and at least one nozzle in the
wall of the eddy chamber which nozzle has an axis di-
rected radially outwardly so that the oil flows through
the oil flow nozzle directly impinging against the end of
the cap to cool same, changes direction in the eddy
chamber and exits from the nozzle in a coherent
stream.

9. Apparatus as claimed in claim 8 wherein there are
a plurality of nozzles in the wall defining the eddy
chamber; a first set of nozzles are arranged about the
circumference, their axes being 90° to the longitudinal
axis; a second set of nozzles arranged about the circum-
ference intermediate said first set and the end of the
cap, the axes of said second set being inclined upstream
the gas flow in the tuyere so that the coherent streams
of oil issuing from the second set of nozzles impinges
the coherent streams of oil issuing from the first set at
a radial distance from the nozzle exits to augment the

atomization of the oil.
* * * * *
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