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[57] ABSTRACT 
An injector for a combustible mixture, to be dis 
charged across the tuyeres of a blast furnace, has an 
‘inner tube for the passage of a stream of liquid fuel 
and an outer tube traversed by a flow of oxidizing gas 
(air or oxygen) under pressure, the fuel stream passing 
through an obliquely perforated insert which directs it 
along helicoidal paths onto the peripheral tube Wall to 
form a layer progressing toward the discharge end of 
the injector. Between that discharge end and the in 
sert, the fuel ‘layer is subjected to radially outwardly 
acting pressure from a gas, which may be branched off 
the surrounding ?ow of oxidizing gas, admitted gener 
ally tangentially into the inner tube through a set of 
nozzles extending skew to the tube axis, thereby re 
ducing the thickness of the fuel layer. The surrounding 
gas flow, also set in swirling motion by passing through 
a ?uted or perforated ring, impinges upon this thinned 
fuel layer at the discharge end and atomizes it. The 
exit speed of the fuel stream may be increased by dis 
posing an inwardly pointing axial cone in the dis 
charge end of the inner tube, leaving a narrow annular 
channel through which the fuel and its entraining gas 
pass into contact with the surrounding gas ?ow exiting 
through a narrow gap between the tubes. 

20 Claims. 9 ‘Drawing Figures 
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FUEL INJECTOR FOR BLAST FURNACE 

FIELD OF THE INVENTION 

Our present invention relates to an injector for the 
introduction of a combustible mixture into blast fur 
naces used in the production of molten metals. 

BACKGROUND OF THE INVENTION 1 

To improve the efficiency of blast furnaces and to re 
duce the required quantity of solid fuels such as coke, 
liquid combustibles are frequently utilized. Often, how 
ever, difficulties are experienced in insuring adequate 
dispersion of the liquid fuel in the hot-air blast ?owing 
at high velocity through the tuyeres of the furnace. It 
has therefore already been proposed to atomize the 
preferably preheated liquid fuel by high-pressure gas 
admitted into an expansion chamber in the interior of 
an injector, the energy of the gas ?ow being used in 
part to disperse the liquid and in part to convert the re 
sulting droplets into a mist issuing at high speed from 

y‘ the injection nozzle.v Structural complications arise 
from the need for generating the necessary high gas 
pressure; moreover, variations in that pressure may se 
riously impair the performance of the injectors. 

OBJECTS OF THE INVENTION 

It is, therefore, the principal object of our invention 
to provide an improved system for the injection of liq 
uid fuels into a combustion space, such as the interior 
of a blast furnace, with the aid of a low-pressure gas 
?ow whereby the aforementioned disadvantages can be 
obviated. 
Another object of the invention is to provide a com 

pact injector of this character generating a sharply di 
verging out?ow to produce a short ?ame with wide dis 
persion of the fuel droplets facilitating complete com 
bustion. 

SUMMARY OF THE INVENTION 
We realize the foregoing objects by the use of a tube 

provided with a discharge end and connected at its op 
posite end to a supply of liquid fuel to be atomized, 
such as extra-heavy hydrocarbon oil, the interior of this 
tube being provided with guide means such as a perfo 
rated insert directing an entering, preferably preheated 
fuel stream toward the inner tube wall as a peripheral 
layer progressing, preferably by a helicoidal motion, 
toward the discharge end. At an intermediate location 
between the guide means and the discharge end, a ?rst 
?ow of gas is admitted into the tube with a velocity 
component directed toward the discharge end and with 
exertion of radially outward pressure upon the periph 
eral fuel layer in the tube whereby the thickness of that 
layer is reduced; a second ?ow of gas is trained at the 
discharge end upon the exiting fuel layer entrained by 
the ?rst ?ow whereby the fuel is dispersed in the ac 
companying gas. At least the second gas ?ow should be 
of oxidizing character (air or oxygen); the ?rst one 
could be of the same nature, and may in fact be split off 
that second ?ow, but can also be a combustible ?uid 
such as natural gas. Both gas ?ows may be under a rela 
tively low pressure, e.g., on the order of 4 kg/cm2 (i.e., 
about four atmospheres gauge). 
According to another feature of our invention, a con 

duit delivering the second gas ?ow forms a preferably 
coaxial outer tube or jacket about the fuel tube and de 
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2 
?nes therewith an annular gap which converges on the 
axis of the latter tube around the discharge end thereof 
for training that gas at an acute angle onto the fuel/gas 
stream exiting therefrom. Part of the gas traversing an 
annular duct formed by these two tubes, and terminat 
ing at that gap, may be branched off by a set of nozzles, 
preferably skew to the tube axis, to form the first gas 
?ow entering the interior of the tube to radially com 
press the fuel layer. Similar ?ow-guiding means, setting 
the second gas ?ow in codirectional swirling motion 
about the tube axis, may be provided in the annular 
duct between the tubes downstream of the nozzle ar 
ray. 
The vortical motion of the fuel and gas within the 

inner tube may be further intensi?ed by the provision 
of inclined ribs or vanes at the discharge end of that 
tube; these ribs may also be used to support an axially 
inwardly pointing cone defining with the inner tube a 
constricted exit channel in the vicinity of the aforemen 
tioned annular gap whose width is advantageously ad 
justable by a relative axial shifting of the two nested 
tubes. 
We have found that best results are obtained, in 

terms of an effective distribution of the incoming fuel 
stream over the inner tube wall, by providing the perfo 

> rated tube’insert with a flat, smooth upstream surface 
confronting the entrance end of thetube and with a set 
of perforations, skew to the tube axis, for imparting the 
desired helicoidal motion to the peripheral fuel layer. 

BRIEF DESCRIPTION OF THE DRAWING 

The above and other objects, features and advan 
tages of the present invention will become more readily 
apparent from the following description, reference 
being made to the accompanying drawing in which: 
FIG. 1 is a diagrammatic axial cross-sectional view 

through an injector embodying our invention; 
FIG. 2 is a cross-sectional view of a guide ring, taken 

on the line II -— II of FIG. 1'; ' 

FIG. 2A is a view similar to FIG. 2, showing a modi 
?ed guide ring; 
FIG. 3 is a side-elevational view of the guide ring 

shown in FIG. 2; 
FIG. 4 is a top view of a perforated insert, taken on 

the line IV — IV of FIG. 1; 
FIG. 5 is a side-elevational view of the insert shown 

in FIG. 4; 
FIG. 6 is a cross-sectional view of the discharge end 

of the injector, taken on the line VI - VI of FIG. 1; 
FIG. 7 is a cross~sectional view of the fuel chamber 

of the injector taken on line VII -'— VII of FIG. 1; and 

FIG. 8 is an overall, schematic view showing the em 
placement of a set of injectors according to our inven 
tion in a blast furnace. 

SPECIFIC DESCRIPTION 

In FIGS. 1-7 we have shown an injector 20 receiving 
liquid fuel, such as a heavy oil, through a central pipe 
310 which is coaxially surrounded by an outer barrel 
101 carrying an oxidizing gas such as air or oxygen at 
a relatively low pressure of several atmospheres gauge. 
The body of the injector 20 comprises a pair of coaxi 
ally nested tubes, i.e., an outer tube 100 and an inner 
tube 300, threadedly connected at 340, 350 to conduits 
101 and 310, respectively. Tubes 100 and 300 de?ne 
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between them an annular duct 200 containing, near its 
downstream end, a ring 210' provided with bores 21] 
lying skew to the tube axis A. A cylindrical insert 320 
is seated near the entrance end of tube 300, being held 
in position between a shoulder 302 of that tube and the 
adjoining extremity of pipe 310, and is formed with a 
set of inclined bores 321 which also lie skew to the axis 
A in the same sense as the bores 211 of ring 210. As 
speci?cally illustrated in FIGS. 3 and 5, bores 211 and 
321 include angles of 30° with a direction (here vertia 
cal) parallel to axis A when viewed at right angles to a 
vertical plane containing their own axis; their upper 
and lower ends lie on two circles C and D, centered on 
axis A, which are the larger and the smaller base of a 
frustocone with a 30° vertex angle (see FIG. 5). The 
upper surface 322 of insert 320, confronting the on 
coming preheated fuel stream (arrow B in FIG. I), is 
?at and smooth. 
Between the upstream region of insert 320 and the 

downstream region of guide ring 210, tube 300 is pene 
trated by at least two symmetrically positioned nozzles 
331 (best seen in FIG. 7) which open into the interior 
330 or this tube with an inclination similar to that of the 
bores 211 and 321 so as to deviate part of the ?ow E 
of lowapressure oxidizing gas from duct .200 to fuel 
chamber 330. The fuel stream, which by virtue of the 
aforedescribed inclination of the bores 321 is directed 
with helicoidal motion onto the inner tube wall to form 
a layer thereon, is further accelerated by this gas flow 
toward an annular channel 340 at the exit end of the 
tube, this channel being de?ned by the tube mouth and 
by a conical guide member 332 held centered on axis 
A by a set of vanes 333. The vanes, as best seen in FIG. 
6, are inclined to set the out?owing fuel-gas stream in 
rotation about the axis in the same sense (here counter 
clockwise) as imparted to them by the bores 321 and 
the nozzles 331. On exiting from the channel 340, this 
composite stream encounters the tubular ?ow of the 
remaining gas from duct 200 which leaves that duct 
through a narrow annular gap 220 of frustoconical 
shape whose generatrices converge on the axis A be 
yond the exit at an angle of 30°. It will be noted that the 
gas passing through gap 220 strikes the exiting stream 
from channel 340 at a large acute angle, thus nearly or 
thogonally, as the two ?uid volumes revolve in the 
same counterclockwise sense about the axis. 
The nozzles 331 enter the chamber330 nearly tan 

gentially but open into that chamber at locations radi 
ally inward of the inner surface of the annular fuel layer 
which forms on the wall of tube 300 and has been indi 
cated at F in FIG. 7. Thus, the gas discharged by these 
nozzles into the chamber 330 acts radially outwardly 
upon this fuel layer F to compress it into a thin film as 
it travels toward the exit channel 340. The body of liq 
uid remains substantially coherent at this stage and 
does not mix with the accompanying gas. The outer gas 
stream striking that ?lm at the tube mouth disintegrates 
it into a mass of small droplets dispersed throughout 
the surrounding gas volume so as to produce a ?ne mist 
that burns with practically no residue; the geometry of 
the exit end of the injector 20 causes this mist to spread 
from the end face 221 of the injector in the form of an 
expanding cone with partial vaporization of the fuel 
particles distributed throughout the gas volume. 
The conical insert 332, which further increases the 

exit speed of the fuel/gas stream, is not essential and 
may be omitted in some instances. 
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4 
As shown in FIG. 2A, guide ring 210 may be replaced 

by a modi?ed ring 210A having external ?utes 211A in 
lieu of bores 211 of ring 2P0. These ?utes, of course, 
have the same inclination as the bores, lying skew to 
the axis A at an angle of about 30° in the present in 
stance. 

The necessary fluidtightness at the junction of con 
duits 101 and 100 is ensured by the provision of an an 
nular gasket 111 as illustrated in FIG. 1. The gasket en 
ables a certain relative axial adjustment of tubes 100 
and 300 to vary the effective width of gap 220. 
The gas stream entering the fuel chamber 330 by 

nozzles 33] or similar adjutages need not be branched 
off the ?ow (arrows E) passing through duct 200 but 
could also be supplied by a separate source. In the lat 
ter instance, if desired, a hydrocarbon gas could be 
used to increase the ratio of combustible ?uid in the ex 
iting composite stream. 

In FIG. 8 we have illustrated part of a blast furnace 
10 provided with the usual set of tuyeres 12 which are 
supplied by air or oxygen under pressure via a manifold 
13 and open into a hearth 14 below a bosh 11. Injectors 
20, as described above, open into respective tuyeres 
12, at an acute angle to their axes, just ahead of the tu 
yere outlets to introduce theirfuel/air or fuel/oxygen 
mixture into an air blast feeding a ?ame in the hearth 
14. The ferrous melt produced by the furnace accumu 
lates at 15, together with accompanying slag. 

In a practical realization of an injector as shown in 
FIG. 1, but with omission of the cone 332, extra-heavy 
fuel oil preheated to 110°C was introduced into tube 
300 under a pressure of 6 kg/cm2 at a rate of 70 grams 
per cubic meter of hot air blown through the associated 
tuyeres under a pressure of about one atmosphere 
gauge. Air at 25°C was delivered through conduit 101 
at a pressure of four atmospheres gauge. Complete 
combustion with a short, stable ?ame was achieved. 
We claim: 
1. A fuel injector for a blast furnace, comprising: 
a tube provided with a discharge end and connected 

at its opposite end to a supply of liquid fuel to be 
atomized; 

guide means in said tube directing an entering stream 
of said fuel toward the tube wall as a rotating pe 
ripheral layer progressing toward said discharge 
end; 

feed means between said guide means and said dis 
charge end opening into said tube at a location in 
ward of the inner boundary of said layer for admit 
ting into said tube a ?rst ?ow of gas with a velocity 
component toward said discharge end and with ex 
ertion of radially outward pressure upon said layer 
to reduce the thickness thereof; and 

conduit means terminating at said discharge end for 
training a second flow of gas upon the fuel layer en 
trained by said ?rst flow and exiting from said inner 
tube, at least said second flow of gas being of oxi 
dizing character, thereby dispersing the fuel in the 
gas admixed therewith. 

2. A fuel injector as de?ned in claim 1 wherein said 
conduit means forms an annular gap, converging on the 
tube axis, around said discharge end for training said 
second ?ow of gas at an acute angle onto the exiting 
fuel/gas stream. 

3. A fuel injector as de?ned in claim 2 wherein said 
conduit means forms a jacket around said tube, said 
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second flow of gas passing through an annular duct be 
tween said tube and said jacket to said gap. 

4. A fuel injector as de?ned in claim 3 wherein said 
feed means comprises a set of nozzles traversing said 
tube wall and communicating with said annular duct, 
said ?rst flow of gas being branched off said second 
How of gas by said nozzles. 

5. A fuel injector as ‘de?ned in claim 3, further com 
prising ?ow-guiding means in said space for imparting 
a swirling motion to said second flow of gas ahead of 
said gap. 

6. A fuel injector as de?ned in claim 3 wherein said 
tube and said jacket are relatively axially adjustable for 
varying the effective width of said gap. 

7. A fuel injector as de?ned in claim 3, further com 
prising an axially inwardly pointing cone at said dis 
charge end for de?ning with said tube a constricted exit 
channel for said fuel/gas stream in the vicinity of said 
gap. 

8. A fuel injector for a blast furnace, comprising: 
a tube provided with a discharge end and connected 

at its opposite end to a supply of liquid fuel to be 
atomized; 

guide means in said tube directing an entering stream 
of said fuel toward the tube wall as a peripheral 
layer progressing toward said discharge end; 

a set of nozzles traversing said tube wall between said 
guide means and said discharge end for admitting 
into said tube a ?rst flow of gas with a velocity 
component toward said discharge end and with ex 
ertion of radially outward pressure upon said layer 
to reduce the thickness thereof; and 

conduit means forming a jacket around said tube and 
de?ning therewith an annular duct for the convey 
ance of the second ?ow of gas to said discharge 
end, said jacket forming around said discharge end 
an annular gap converging on the tube axis for 
training a second ?ow of gas at an acute angle upon 
the fuel layer entrained by said ?rst flow and exit 
ing from said inner tube, at least said second ?ow 
of gas being of oxidizing character, thereby dispers 
ing the fuel in the gas admixed therewith, said noz 
zles communicating with said annular duct for 
branching said ?rst ?ow of gas off said second ?ow 
of gas. 

9. A fuel injector as defined in claim 8 wherein said 
nozzles are skew to the tube axis for imparting a gener 
ally helicoidal motion to said ?rst ?ow of gas. 

10. A fuel injector for a blast furnace, comprising: 
a tube provided with a discharge end and connected 

at its opposite end to a supply of liquid fuel to be 
atomized; - 

guide means in said tube directing an entering stream 
of said fuel toward the tube wall as a peripheral 
layer progressing toward said discharge end; 

feed means between said guide means and said dis 
charge end for admitting into said tube a ?rst ?ow 
of gas with a velocity component toward said dis 
charge end and with exertion of radially outward 
pressure upon said layer to reduce the thickness 
thereof; 

conduit means forming a jacket around said tube and 
de?ning therewith an annular duct for the convey 
ance of a second ‘?ow of gas to said discharge end, 
said jacket forming around said discharge end an 
annular gap converging on the tube axis for train 
ing said second flow of gas upon the fuel layer en 
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6 
trained by‘ said ?rst flow and exiting from said inner 
tube, at least said second flow of gas being of oxi 
dizing character, thereby dispersing the fuel in the 
gas admixed therewith; and 

flow-guiding means in said space for imparting a v 
swirling motion to said second ?ow of gas ahead of 
said gap. 

11. A fuel injector as de?ned in claim 10 wherein 
said guide means comprises an insert in said tube with . 
perforations skew to the tube axis for imparting a gen 
erally helicoidal motion codirectional with said swirling 
motion to said layer. 

12. A fuel injector for a blast furnace, comprising: 
a tube provided with a discharge end and connected 

at its opposite end to a supply of liquid fuel to be 
atomized; _ 

guide means in said tube directing an entering stream 
of said fuel toward the tube wall as a peripheral 
layer progressing toward said discharge end; 

feed means between said guide means and said dis 
charge end for admitting into said tube a ?rst flow 
of gas with a velocity component toward said dis 
charge end and with exertion of radially outward 
pressure upon said layer to reduce the'thickness 
thereof; and 

conduit means forming a jacket around said tube and 
de?ning therewith an annular duct for the convey 
ance of a second ?ow of gas to said discharge end, 
said jacket forming around said discharge end an 
annular gap converging on the tube axis for train 
ing said second ?ow of gas upon the fuel layer en 

’ trained by said ?rst ?ow and exiting from said inner 
tube, at least said second ?ow of gas being of oxi 
dizing character, thereby dispersing the fuel in the 
gas admixed therewith, said tube and said jacket 
being relatively axially adjustable for varying the 
effective width of said gap. 

13. A fuel injector for a blast furnace, comprising: 
a tube provided with a discharge end and connected 

at its opposite end to a supply of liquid fuel to be 
atomized; 

guide means in said tube directing an entering stream 
of said fuel toward the tube wall as a peripheral 
layer progressing toward said discharge .end; , 

feed means between said guide means and said dis 
charge end for admitting into said tube a ?rst flow 
of gas with a velocity component toward said dis 
charge end and with exertion of radially outward 
pressure upon said layer to reduce the thickness 
thereof; 7 

conduit means forming a jacket around said tube and 
de?ning therewith an annular duct for the convey 
ance of a second ?ow of gas to said discharge end, 
said jacket forming around said discharge end an 
annular gap converging on the tube axis for train 
ing said second flow of gas at an acute angle upon 
the fuel layer entrained by said ?rst flow and exit 
ing from said inner tube, at least said second ?ow 
of gas being of oxidizing character, thereby dispers 
ing the fuel in the gas admixed therewith; and 

an axially inwardly pointing cone at said discharge 
end for de?ning with said tube a constricted exit 
channel for said fuel/gas stream in the vicinity of 
said tap. 

14. A fuel injector as de?ned in claim 13 wherein 
said cone is connected with said tube by radial ribs in 
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clined to help set said fuel/gas stream in rotation about 
the tube axis. 

15. A fuel injector as de?ned in claim 1 wherein said 
guide means comprises an insert in said tube with a flat, 
smooth upstream face confronting the entering fuel 
stream and with a set of perforations skew to the tube 
axis for imparting a generally helicoidal motion to said 
layer. 

16. A method of generating a combustible mixture 
for injection into a blast furnace, comprising the steps 
of: . 

feeding a stream of liquid fuel through a tube; 
distributing said stream as a rotating peripheral layer 
on the inner wall surface of said tube; 

?attening said layer by admitting a ?rst gas ?ow into 
said tube at a location inward of the inner bound 
ary of said layer with a radially outward pressure 
component and with a velocity component di~ 
rected towardan exit end of the tube for entrain 
ment of said layer toward same; and 

admixing an oxidizing second gas flow at said exit end 
with the resulting fuel/ gas stream for dispersing the 
fuel in the accompanying gas. ' 

17. A method as de?ned in claim 16 wherein said 
?rst and second gas flows are under a pressure on the 
order of several atmospheres gauge. 

18. A method as de?ned in claim 16 wherein said 
?rst and second gas ?ows are of the same composition. 
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19. A method as de?ned in claim 16» wherein said liq 
uid fuel is preheated before entering said tube. 
20. A fuel injector for a blast furnace, comprising: 
a tube provided with a discharge end and connected 

at its opposite end to a supply of liquid fuel to be 
atomized; 

an insert in said tube directing an entering stream of 
said fuel toward the tube wall as a peripheral layer 
progressing toward said discharge end, said insert 
being provided with a ?at, smooth upstream face 
confronting the entering fuel stream and with a set 
of perforations skew to the tube axis for imparting 
a generally helicoidal motion to said layer; 

feed means between said insert and said discharge 
end for admitting into said tube a ?rst ?ow of gas 
with a velocity component toward said discharge 
end and with exertion of radially outward pressure 
upon said layer to reduce the thickness thereof; 
and 

conduit means terminating at said discharge end for 
training a second flow of gas upon the fuel layer en 
trained by said ?rst flow and exiting from said inner 
tube, at least said second ?ow of gas being of oxi 
dizing character, thereby dispersing the fuel in the 
gas admixed therewith. 

* * * * * 


