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This invention relates to blast furnace installations and 
their operation and more particularly to improvements in 
blast furnaces and to improvements in the method of op 
erating blast furnaces when an oxygen rich blast is used 
to burn the carbonaceous material and smelt the iron ore 
to produce molten pig iron. 

Conventional blast furnaces comprise a lower hearth, a 
Stack and a bosh between the hearth and the stack. A 
blast, comprising essentially compressed air, is blown 
through tuyeres mounted below the bosh into the upper 
portion of the hearth, and the burden, including limestone, 
ferrous bearing material and carbonaceous material, is 
charged into the furnace at the top of the stack. The 
ferrous bearing material is usually iron ore and may in 
clude some scrap metal, sinter or other material, and 
the carbonaceous material is usually coke. The charge 
moves down the shaft of the furnace, and when it reaches 
a Zone adjacent the tuyeres, the coke is burned by the 
incoming blast to smelt the iron ore and produce molten 
pig iron. The hot gaseous products of combustion flow 
up through the stack and out the top of the furnace. As 
the hot gases flow up the stack, they preheat the descend 
ing charge and reduce the iron ore as it approaches the 
combustion zone. The molten pig iron collects in the bot 
tona of the furnace beneath a layer of molten slag. Blast 
furnace installations also include a number of stoves for 
preheating the blast to an elevated temperature. The 
Stoves are usually employed in groups and while some 
of the stoves are being heated, by burning top gas from 
the top of the blast furnace for example, at least part 
of the air blast is warmed upon flowing through the re 
maining stoves which have been previously heated. In 
many cases part of the blast is by-passed around the heated 
stoves and is then mixed with the hot blast from the stoves 
before the blast is discharged through the tuyeres into 
the furnace. By varying the quantity of cold blast, it is 
possible to compensate for variations in stove temperature 
and maintain the hot blast discharged into the furnace 
at a substantially constant temperature which may, for 
example, be at 1000 F. Turboblowers are usually em 
ployed for compressing the air and for blowing the blast 
through the stoves into the furnace. The blowers may be 
controlled by manually operable or automatically operable 
means to maintain the amount of blast blown into 
the furnace substantially constant. The volume of air 
blown into the furnace will vary depending upon the size 
of the furnace and the charge and upon the character 
of the ferrous bearing material. For example, a blast 
furnace intended to produce about 1000 tons of pig iron 
per day will require an air blast at the rate of about 75,000 
cubic feet per minute. It is to be noted that the air con 
stitutes the largest mass of material introduced into the 
blast furnace. 

In blast furnace operation the quantity of material dis 
charged into the top of the furnace and the rate and mass 
of blast blown into the furnace are calculated and con 
trolled, taking into consideration, of course, the character 
of the ferrous bearing material, to maintain the highest 
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possible rate of pig iron production of desired characteris 
tics without exceeding a maximum permissible loss due to 
flue dust production. The amount of blast necessary for 
a given set of conditions is very critical and must be care 
fully calculated and continuously maintained for a smooth 
operating blast furnace. It is also well known that if the 
blast is insufficient a low rate of pig iron production will 
be obtained, while if the blast is excessive the rate of flue 
dust production will rapidly increase as a result of the in 
crease in the amount of gases flowing upwardly through 
the furnace, and will nullify any increase in scrap-free 
pig iron production. 

Inasmuch as it is the oxygen in the blast which burns 
the coke to smelt the iron, there has been considerable 
discussion of the advantages and disadvantages of enrich 
ing the blast with oxygen as a means to increase pig iron 
production without a corresponding increase in flue dust. 
Many of the articles and patent teachings are contra 
dictory, and this contradiction may result from the fact 
that substantially all of the discussion is based on theory 
and not on practice. In addition, and despite the long use 
of blast furnaces, those skilled in the art do not know 
for certain what takes place in the blast furnaces. The 
expected increase in production with an oxygen enriched 
blast is based upon the increased rate of combustion which 
would in turn develop a higher temperature in the hearth. 
However, this performance increases the rate of down 
ward movement of the burden in the shaft and the furnace 
will run "cold," that is, the descending burden is in 
sufficiently heated in the stack. In order to overcome this 
condition and transfer heat from the hearth up into the 
stack, it has been suggested that water be added to the 
blast as the water would enter into an exothermic reac 
tion with the carbon in the region of the hearth and 
produce hydrogen and carbon monoxide. Thus, the use 
of oxygen and water would appear to nullify each other, 
as oxygen is used to increase the rate of combustion and 
the hearth temperature, and water would in turn decrease 
the rate of hearth combustion and temperature. 

I have found in practice, however, that the addition of 
oxygen to the air blast does increase production but tends 
to increase the variation in furnace operation. The addi 
tion of oxygen to the blast also causes the furnace to tend 
to run cold. I also have found that a smoothly operating 
furnace providing an increase in production of scrap-free 
pig iron can be obtained while at the same time actually 
decreasing the production of flue dust by the controlled 
additions of predetermined amounts of moisture to the 
blast in specific relation with the percentage of oxygen 
enrichment. 

In actual operation of blast furnaces it is not uncom 
mon to experience erratic operation even in the absence 
of substantial changes in the burden constituents or in the 
relationship between the burden and the blast. In such 
cases difficulty has been encountered when attempting to 
smooth out the operation of the furnace since a change in 
the burden is not immediately effective as it requires a 
number of hours for the burden to reach the hearth. 
Also, while the amount of hotblast blown into the furnace 
can be changed, only minor adjustments can be made 
in this manner due to effect of the blast on pig iron 
and flue dust production. have found that such erratic 
operations may be relatively quickly overcome without 
material reduction of scrap-free pig iron production by 
controlling the percentage of oxygen enrichment and mois 
ture content of the blast gas and their relationship with 
each other. 

it is an object of the invention to provide an improved 
method of and apparatus for using an oxygen enriched 
air blast in a blast furnace. 
Another object is to provide an improved method of 

and apparatus for using an oxygen, enriched air blast in 
a blast furnace and thereby effect an increase in pro 
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duction and satisfactory reduction of the iron ore in the 
Sk without increasing the rate of flue dust produc 
O 

Another object is to provide an improved method of 
and apparatus for using an oxygen enriched air blast in 
a blast furnace and thereby effect an increase in pro 
duction and Satisfactory reduction of the iron ore in the 
stack without increasing the rate of flue dust production. 
Another object is to provide an improved method of 

and apparatus for using an oxygen enriched blast in a 
blast furnace and to add moisture to the OXygen enriched 
air blast in Such a manner as to not lose the advantages 
obtained from the use of oxygen and without causing 
the furnace to perform erratically. 

Still another object is to provide an improved blast 
furnace installation constructed and arranged to utilize an 
oxygen enriched air blast in such a manner as to improve 
the heat balance between the charge in the stack and the 
combustion Zone while obtaining an increase in the rate 
of production of pig iron without increasing the produc 
tion of flue dust. 
A still further object of the present invention is to 

provide an improved blast furnace installation constructed 
and arranged to enrich the blast with oxygen and mois 
ture in such a manner as to promote an increase in pro 
duction of uSeable pig iron without causing the furnace to 
perform erratically and without increasing the produc 
tion of flue dust. 

9ther objects and features of the present invention 
will appear more fully from the following detailed de 
Scription considered in connection with the accompanying 
drawing which discloses a single embodiment of the 
invention. It is expressly understood however that the 
drawing is designed for purpose of illustration only and 
not as a definition of the limits of the invention, reference 
for the latter purpose being had to the appended claims. 
The single figure of the drawing is a diagrammatic 

view illustrating a blast furnace installation embodying 
the principles of the present invention. 
With reference more particularly to the drawing, a 

blast furnace installation constructed in accordance with 
the principles of the present invention is disclosed therein 
including a blast furnace 10 having a vertical, substan 
tially cylindrical stack 11 provided with a large bell 12 
and a small bell 13 for facilitating the charging of the 
solid burden in the top of the furnace. There is also at 
the top of the stack 11, one and usually more off-take 
pipes 15 for conducting the top gas from the top of the 
furnace. The stack is supported at its lower end by a 
plurality of pillars 16 arranged around the lower periphery 
of the furnace. At the lower end of the furnace, there 
is a furnace hearth 17 supported by a base 18. Between 
the hearth 17 and the stack 11, there is a bosh 20. A 
bustle pipe 22 encircles the lower portion of the furnace 
for Supplying blast gas under pressure to the hearth. A 
plurality of tuyeres 23 extend around the upper portion 
of the hearth and project through the wall defining the 
hearth. Each tuyere 23 is connected by a blowpipe 24 
to the bustle pipe 22 so that the compressed blast gas in 
the bustle pipe flows through the blowpipes 24 and then 
through the tuyeres and into the furnace hearth. The 
molten slag and iron collect in the hearth and an upper 
tap hole 27 is provided for periodically tapping molten 
slag from the furnace. An iron notch 28 is provided in 
the hearth at a level below the tapping hole 27 for pe 
riodically tapping molten pig iron from the furnace. 
The blast gas supplied to bustle pipe 22 customarily 

is an air blast which has been preheated. Usually, at 
least three stoves 30 are provided for each blast furnace 
and are used separately for preheating the blast. For 
example, while a hot stove is being used to preheat cold 
blast gas, the other stoves are being heated, usually by 
burning top gas withdrawn from the top of the blast 
furnace it. This is a customary construction, and only 
one stove 30 is shown in the drawing. 
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4. 
Large capacity compressor means, such as a blower 

3i, is provided for compressing the blast for the furnace. 
The blower 3i may be driven by a steam turbine or by 
an electric motor 32 connected to the blower through a 
shaft 33. The blast gas discharged from the biower 31 
is conducted to the stove by a large pipe or conduit 35, 
and the stove is in turn connected to the bustle pipe 22 by 
a large pipe 36 which conducts the preheated blast in the 
Stove 30 to the bustle pipe 22. A by-pass pipe 37 in 
cluding a valve 39 is connected to the pipe 35 and the 
pipe 37. During operation, the temperature in the stove 
varies and a major portion of the blast flows through 
the stove 36 and is preheated therein. A minor portion 
of the blast flows through the pipe 37, and this coid blast 
is discharged into pipe 36 where it mixes with the hot 
or preheated biast from the stove 30. Thus by varying 
the setting of the valve 39, the proportions of cold and 
hot blast can be varied to maintain the temperature of 
the preheated blast supplied to bustle pipe 22 at a sub 
stantially constant value. The intake side 40 of blower 
3 is connected to one end 41 of a large pipe 43, the 
other end 44 of the pipe 43 communicates with a source 
of blast gas, such as the atmosphere. A filter 45 mounted 
in a casing 46 is deposed in the conduit 43 adjacent the 
end 44 so that the incoming gas, usually atmospheric air, 
is filtered to remove dirt and dust therefron. 

Apparatus for maintaining at a predetermined value the 
quantity of blast gas blown into the furnace includes a 
venturi type measuring device 47 mounted in the conduit 
43 and a blower control 48 connected to the venturi meas 
uring device through loading lines 49 and 59. The venturi 
measuring device is of conventional construction and in 
cludes a compensator 5i connected to the loading lines 
49 and 59 by conduits 52. The compensator functions to 
indicate in what manner the venturi indications must be 
changed to compensate for deviations in barometric pres 
Sure and temperature relative to the designed constants. 
The biower control 48 is also of conventional construc 
tion and is preferably of the type including a calibrated 
manually operable element for determining the desired 
blower output in terms of cubic feet of blast gas per 
minute, for example. Setting of the manually operabie 
element establishes a proportional force which is applied 
against a force derived from the measuring device 47 
proportional to the rate of flow of the blast gas through 
the conduit 43. Unbalancing of these forces produces a 
control signal of the proper characteristic which is trans 
mitted to the motor 32 through lead S3 to increase or de 
crease the output of the blower and maintain the rate 
of flow through the conduit 43 equal to the desired rate 
of flow as determined by the calibrated manually oper 
able element of the blower control. 48. In this type of 
control the loading lines 49 and 50 are usually connected 
to closed chambers having a common diaphragin wall 
which moves in opposition to the force established by the 
manually operable element. With this arrangement a 
predetermined quantity of blast gas may be constantly 
maintained automatically with only slight adjustments 
necessary to compensate for variations in temperature 
and barometric pressure. Also, the operator may easily 
determine the quantity of the blast from a Suitabie gauge 
indicating directly the rate of flow of blast gas as de 
termined on the device 47 and may readily change the 
rate of flow as required by merely adjusting the cali 
brated manually operable member of the blower control 
48. 

According to the present invention the blast blown into 
the furnace 10 comprises a composite stream formed by 
combining the stream of atmospheric air flowing through 
the conduit 43 with separate streams of oxygen or oxygen 
rich gas and water vapor such as steam. The oxygen 
enriching stream is controlled relative to the composite 
stream so that the composite stream comprising the blast 
gas blown to the furnace includes a predetermined pro 
portion of oxygen which may be varied through fixed 
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limits, while the water vapor stream is adjusted to estab 
lish a constant moisture content in the composite stream, 
which can be varied, irrespective of the degree of natural 
moisture in the atmospheric air. The composite stream is 
formed so that a constant mass of blast gas may be con 
tinually blown into the furnace irrespective of changes in 
the natural moisture content of the atmospheric air, or 
changes in the moisture content and percentage of oxygen 
enrichment in the blast gas. 
A stream of oxygen or oxygen rich gas is added to the 

air stream flowing through the conduit 43 by means of a 
conduit 63 having its discharge end 6 terminated within 
the conduit 43 on the up-stream of the venturi measuring 
device 47. The oxygen is derived from any suitable 
scurce 62 which may comprise an air fractionating ap 
paratus capable of producing a large quantity of rela 
tively impure oxygen. The oxygen stream from the 
source 62 is passed through a flow meter 63, a conduit 64 
and a control valve 65 before entering the conduit 60. 
The oxygen stream is of substantially uniform purity and 
is maintained at substantially constant pressure and tem 
perature so that the amount of oxygen added to the air 
stream in the conduit 43 and hence the percentage of 
oxygen enrichment in the composite stream will depend in 
the most part upon the position of the oxygen control 
valve 65. A system is provided for controlling the valve 
65 to establish and maintain constant predetermined 
percentages of oxygen enrichment of the composite 
stream. For this purpose a ratio control 66 is provided 
which operates responsively to the rate of flow of the 
composite stream and to the rate of flow of the oxygen 
stream as determined by the venturi measuring device 47 
and the flow meter 63, respectively, to produce a propor 
tional centrol signal which determines the positioning 
of the oxygen valve 65 through operation of a suitable 
transmitter 67. The ratio control 66 may be of any 
suitable conventional construction and may be similar 
to the blower control 48 described above in which case a 
differential pressure actuated diaphragm controlled by the 
oxygen flow meter would replace the manually operable 
element and the desired proportioning would be obtained 
by adjustable spring biasing means in a conventional 
manner. Specifically, the loading lines 68 from the 
venturi measuring device 47 and the loading lines 69 from 
the flow raeter 63 may each communicate with individual 
chambers spaced by common diaphragms moving in op 
position and being adjustably biased to maintain the de 
sired percentage relationship between the oxygen flow 
and the rate of ficw of the composite stream. The re 
sultant movement of the diaphragms may be transmitted 
by means of a mechanical, hydraulic or electric medium 
f{} to the transmitter 67 for controlling the valve 65. 
With this arrangement the oxygen streams entering the 
conduit 43 may be accurately controlled so that the 
composite stream passing through the venturi measuring 
device 47 includes a fixed percentage of oxgyen as deter 
mined by the desired setting of the ratio control 66. 
The water vapor stream, shown as a stream of steam, 

is conducted to the conduit 43 by way of a conduit 72 
having an end 73 terrhinated within the conduit 43 up 
stream of the ineasuring device 47. The other end of 
the conduit 72 is connected to a control valve 74 joined 
by way of a conduit 75 to a source of moisture such as 
a steam source 76. In order to control the vapor stream 
so that the composite stream at all times includes a pre 
determined quantity of moisture, the moisture content of 
the composite stream is sampled, compared to a desired 
standard which may be adjustably varied and the con 
trel valve 4 then automatically adjusted responsively to 
the comparative result to increase or decrease the quantity 
of steam introduced into the conduit 43. For this pur 
pose, a dew cell 77 is connected through a conduit 78 
to the discharge side of the blower 31 or to any point 
in the system for sampling the composite stream and 
determining its moisture content. The dew cell 77 is of 
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conventional construction and is well known to the art 
comprising a humidity sensitive cell that may be adjusted 
to produce an output signal proportional to the absolute 
humidity of the composite stream. This output signal is 
fed through connector 79 to a moisture control 80. The 
noisture control 8t) is also of conventional construction 
and may be similar to the blower control 48 described 
above. With this type of control the signal supplied by 
the dew ceil 7, which is proportional to the moisture 
content in the composite stream, is balanced against a 
force reportional to a predetermined or desired moisture 
content value established by the position of a calibrated 
manually operable element. An error signal is generated 
responsively to any difference between these forces and 
the error signal is transmitted by way of an electrical, 
hydraulic or mechanical medium 8 to a suitable trans 
mitter 82 operatively connected to the valve 74. With 
this type of arrangement should the natural moisture 
in the atmosphere produce, for example, four grains of 
moisture per cubic foot of the composite stream, and 
should it be desired to establish and maintain a moisture 
content of eight grains per cubic foot of the composite 
stream, the moisture control 80 would be adjusted by 
proper setting of its manually operable element to the 
desired moisture content. Thereupon the valve 72 would 
be automatically adjusted to continuously provide a stream 
of steam of the proper quantity to add a moisture content 
of four grains per cubic foot to the composite stream so 
that the total moisture content of the composite stream 
would equal eight grains per cubic foot which corre 
sponds to the desired value. Should the natural moisture 
content of the air change under these circumstances the 
waive 74 is automatically moved to a new position to 
inaintain a Supply of vapor to the composite stream equal 
to the difference between the desired moisture content and 
the natural moisture in the atmospheric air. Of course 
should the natural moisture content of the air exceed the 
desired value it may be necessary to add dry air to the 
composite stream. However, this condition is not likely 
to occur under circumstances that cannot be corrected by 
adjusting the relationship between the percentage of 
oxygen enrichment and moisture content. 
A heating element i80 is positioned in the casing 46 

for preheating the atmospheric air stream entering the 
conduit 43 when the temperature of the air fallis below 
approximately 60 F. The heat inay be supplied from 
any suitable medium such as steam and the heating ele 
ment 80 includes a steam inlet conduit 191 and a steam 
outlet conduit i?2. Also, heating jackets 103 may sur 
round the venturi measuring device 47 and the loading 
lines therefronn. The heating jackets iO3 may be pro 
vided with inlet and outlet conduits, not shown, for a heat 
transmitting nedium such as steam. Prehaating the air 
prevents occurrence of certain adverse conditions which 
would take place when operating the system during 
periods of low temperature. For example, the provision 
of the heater 109 prevents the condensation of water vapor 
from the incoming air and thus deters collection of mois 
ture in the loading lines leading from the venturi measur 
ing device 47, the collection of condensed moisture in 
the blower inlet and the collection of frost in the suction 
pipe and in the venturi measuring device. The occur 
rence of these conditions would effect the venturi meas 
urements and upset the blower and the oxygen enrich 
ment settings and may cause mechanical damage to the 
blower. The provision of the heating jackets around the 
venturi measuring device and the loading lines function 
to prevent formation of frost on their internal surfaces 
during severely cold atmospheric weather conditions. It 
is understood that air preheating alone may ordinarily be 
Sufficient to prevent these adverse conditions. 
As set forth in copending application Serial No. 312 

878, filed October 3, 1952, now Patent No. 2,735,758, 
for Method of Operating Metallurgical Furnace it is 
necessary in order to obtain full advantage from an 
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oxygen enriched blast to add moisture to the blast in 
fixed relationship with the percent of oxygen enrichment, 
taking into consideration the character of the burden and 
the silicon content of the pig iron desired. When it is 
designed, for example, to provide a blast for the blast 
furnace 10 of 75,000 cubic feet per minute the calibrated 
manually operative element of the blower control 48 is 
adjusted so that the blower 3 produces the desired out 
put. The blower 31 will maintain this output substantial 
ly constant through control of the venturi measuring de 
vice 47 coupled to the blower control 48. i he oshiy ina 
terial variations in the blower output will occur upon 
changes in barometric pressure and changes in tempera 
ture of the atmospheric air. The necessary control of the 
blower output to overcome these variations are provided 
by the compensator 51. 
Should the characteristics of the blast furnace and the 

burden dictate the use of a blast having 2% oxygen en 
richment and moisture content of 8 grains per cubic foot, 
the ratio control 66 would be adjusted to maintain the de 
sired oxygen percentage while the moisture control 88 
would be set to give the desired moisture content. In the 
case of the oxygen, the ratio control 66 would function 
to compare the rate of flow of the composite stream 
through the venturi measuring device 47 and the rate of 
flow of the oxygen stream through the flow meter 63 and 
properly positioned the oxygen valve 65 to establish the 
relative rates of flow so that the composite stream enter 
ing the inlet 4 of the blower 3 would consist of 2% 
oxygen. The moisture control 80 functions to set the 
valve 74 so that the stream of steam entering the conduit 
43 by way of the conduit 72 will continuously supply the 
number of grains of moisture per cubic foot equal to the 
difference between the natural moisture in the air and 
the desired moisture content as determined by the setting 
of the moisture control 80. Any changes in the natural 
moisture content of the atmospheric air therefore will 
have no effect upon the moisture content of the blast 
entering the blast furnace. 
The present invention thus provides a novel method 

of and apparatus for maintaining a blast of constant mass, 
in which the blast comprises a composite stream includ 
ing air, oxygen and moisture in fixed, predetermined per 
centages. The mass of the blast is maintained constant 
throughout a wide range of oxygen enrichment percent 
ages and relative moisture content values and independ 
ent of variations in the natural moisture content of the 
air and in the barometric pressure and the temperature of 
the air. This is accomplished by forming a composite 
stream of the desired components and by blowing this 
composite stream to the furnace at a constant, prede 
termined rate, and by providing an arrangement for ac 
curately establishing and continuously maintaining the 
percentages of oxygen enrichment and relative values of 
water moisture additions. 

Although only one embodiment of the invention has 
been disclosed and described herein, it is expressly under 
stood that various changes and substitutions may be made 
without departing from the spirit of the invention as well 
understood by those skilled in the art. Reference there 
fore will be had to the appended claims for a definition 
of the limits of the invention. 
What is claimed is: 
1. In a blast furnace installation including a blast 

furnace having tuyere means through which compressed 
blast gas is discharged into the furnace, compressor means 
for compressing blast gas and blowing compressed blast 
gas to the tuyere means, a first conduit means for conduct 
ing blast gas to the compressor means, the blast gas in 
cluding atmospheric air containing a varying amount of 
water vapor, measuring means in the first conduit means 
for measuring the rate of flow of the blast gas, control 
means operative responsively to the measuring means for 
controlling the compressor means, a second conduit means 
for introducing oxygen to the blast gas, a third conduit 
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8 
means connected to the first conduit means up-stream of 
the measuring means for introducing water vapor into the 
blast gas, and means for controlling the flow of water 
vapor through the third conduit means to maintain a con 
stant quantity of water vapor in the blast gas. 

2. In a blast furnace installation including a blast 
furnace having tuyere means through which compressed 
blast gas is discharged into the furnace, means forming a 
composite stream including atmospheric air, oxygen and 
moisture, a compressor means for compressing the com 
posite stream, a first conduit means for conducting the 
composite stream to the compressor means, second con 
duit means for conducting the compressed composite 
stream to the furnace as blast gas, measuring means in the 
first conduit means for measuring the rate of flow of the 
composite stream to the furnace and control means opera 
tive responsively to the measuring means for controlling 
the compressor means. 

3. In a blast furnace installation including a blast 
£urnace having tuyere means through which compressed 
blast gas is discharged into a furnace, means forming 
streams of atmospheric air, oxygen rich gas and water 
vapor, means combining the streams to form a composite 
stream, a compressor means for compressing the com 
posite stream, a first conduit means for conducting the 
composite stream to the compressor means, a second con 
duit means for conducting the compressed composite 
stream to the tuyere means as blast gas for the furnace, 
measuring means in the first conduit means for measuring 
the rate of flow of the composite stream to the furnace, 
and control means operative responsively to the measur 
ing means for controlling the compressor means, 

4. In a blast furnace installation according to claim 3 
comprising means for measuring the rate of flow of the 
stream of oxygen rich gas and means for comparing the 
rate of flow of the stream of oxygen rich gas and the rate 
of flow of the composite stream to determine the per 
centage of oxygen in the composite stream. 

5. In a blast furnace installation according to claim 3 
comprising moisture measuring means for measuring the 
moisture content of the composite stream on its way to 
the furnace, and moisture control means operative respon 
sively to the moisture measuring means for controlling the 
rate of flow of the stream of water vapor. 

6. In a blast furnace installation according to claim 3 
comprising means for measuring the moisture content of 
the composite stream on its way to the furnace, moisture 
control means including comparing means for comparing 
the moisture content of the composite stream and a pre 
determined moisture content, and means for controlling 
the rate of flow of the stream of water vapor respon 
sively to the comparing means to thereby maintain a 
moisture content in the composite stream substantially 
corresponding to the predetermined moisture content ir 
respective of the natural moisture content of the stream 
of atmospheric air. 

7. In a blast furnace installation including a blast fur 
nace having tuyere means through which compressed blast 
gas is discharged into a furnace, means forming streams of 
atmospheric air, oxygen rich gas and water vapor, means 
combining the streams to form a composite stream, a com 
pressor means for connpressing the composite stream, a 
first conduit means for conducting the composite stream 
to the compressor means, a second conduit means for 
conducting the compressed composite stream to the tuyere 
means as blast gas for the furnace, measuring means in 
the first conduit means for measuring the rate of flow of 
the conposite stream to the furnace, control means opera 
tive responsively to the measuring means for controlling 
the compressor means, means for measuring the rate of 
flow of the stream of oxygen rich gas, means for comparing 
the rate of flow of the stream of oxygen rich gas and the 
rate of flow of the composite stream to determine the 
percentage of oxygen in the composite stream, moisture 
measuring means for measuring the moisture content of 
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the composite stream on its way to the furnace, and mois 
ture control means operative responsively to the moisture 
measuring means for controlling the rate of flow of the 
stream of water vapor. 

8. In a blast furnace installation including a blast fur 
nace having tuyere means through which compressed blast 
gas is discharged into a furnace, means forming streams of 
atmospheric air, oxygen rich gas and water vapor, means 
combining the streams to form a composite stream, a 
compressor means for compressing the composite stream, a 
first conduit means for conducting the composite stream to 
the compressor means, a second conduit means for con 
ducting the compressed composite stream to the tuyere 
means as blast gas for the furnace, measuring means in 
the first conduit means for measuring the rate of flow of 
the composite stream to the furnace, control means op 
erative responsively to the measuring means for controlling 
the compressor means, means for measuring the rate of 
flow of the stream of oxygen rich gas, means for comparing 
the rate of flow of the stream of oxygen rich gas and the 
rate of flow of the composite stream to determine the 
percentage of oxygen in the composite stream, means for 
measuring the moisture content of the composite stream on 
its way to the furnace, moisture control means including 
comparing means for comparing the moisture content of 
the composite stream and a predetermined moisture con 
tent, and means for controlling the rate of flow of the 
stream of water vapor responsively to the comparing 
means to thereby maintain a constant predetermined mois 
ture content in the composite stream irrespective of the 
natural moisture content of the stream of atmospheric 
2. 

9. In a blast furnace installation as set forth in claim 8 
in which heating means is provided for preheating the 
stream of atmospheric air before the atmospheric air 
stream is combined with the streams of oxygen rich gas 
and water vapor to form the composite stream. 

10. In a blast furnace installation as set forth in claim 9 
in which the measuring means for measuring the rate of 
flow of the composite stream comprises a venturi measur 
ing device including heating means for preventing frost 
formations on the interior surfaces of the venturi and in 
the loading lines thereof. 

11. In a blast furnace installation including a blast 
furnace having tuyere means through which compressed 
blast gas is discharged into a furnace, means forming 
streams of atmospheric air, oxygen rich gas and water 
vapor, means for heating the stream of atmospheric air, 
means combining the heated stream of atmospheric air 
and the streams of oxygen rich gas and water vapor to 
form a composite stream, a compressor means for com 
pressing the composite stream, a first conduit means for 
conducting the composite stream to the compressor means, 
a second conduit means for conducting the compressed 
composite stream to the tuyere means as blast gas for 
the furnace, measuring means in the first conduit means for 
measuring the rate of flow of the composite stream to the 
furnace, and control means operative responsively to the 
measuring means for controlling the compressor means. 

12. In a blast furnace installation as set forth in claim 
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10 
11 in which the measuring means comprises a venturi 
type measuring device provided with heating means to 
prevent frost formation in the venturi passageways and 
the loading lines thereof. 

13. In a blast furnace installation including a blast 
furnace having tuyere means through which compressed 
blast gas is discharged into a furnace, means forming 
streams of atmospheric air, oxygen rich gas and water 
vapor, means combining the streams to form a composite 
stream, a compressor means for compressing the com 
posite stream, a first conduit means for conducting the 
composite stream to the compressor means, a second 
conduit means for conducting the compressed composite 
stream to the tuyere means as blast gas for the furnace, 
measuring means for measuring the rate of flow of the 
composite stream to the furnace, means for measuring the 
rate of flow of the stream of oxygen rich gas, means for 
comparing the rate of flow of the stream of oxygen rich 
gas and the rate of flow of the composite stream to de 
termine the percentage of oxygen in the composite 
stream, and means for maintaining at a predetermined 
value the quantity of blast gas passed through the tuyere 
means and discharged into the furnace. - 

14. In a blast furnace installation including a blast 
furnace having tuyere means through which compressed 
blast gas is discharged into a furnace, means forming 
streams of atmospheric air, oxygen rich gas and water 
vapor, means combining the streams to form a com 
posite stream, a compressor means for compressing the 
composite stream, a first conduit means for conducting 
the composite stream to the compressor means, a second 
conduit means for conducting the compressed composite 
stream to the tuyere means as blast gas for the furnace, 
measuring means for measuring the rate of flow of the 
composite stream to the furnace, means for measuring 
the rate of flow of the stream of oxygen rich gas, means 
for comparing the rate of flow of the stream of oxygen 
rich gas and the rate of flow of the composite stream 
to determine the percentage of oxygen in the composite 
stream, moisture measuring means for measuring the 
moisture content of the composite stream on its way to 
the furnace, moisture control means operative respon 
sively to the moisture measuring means for controlling the 
rate of flow of the stream of water vapor, and means for 
maintaining at a predetermined value the quantity of 
blast gas passed through the tuyere means and discharged 
into the furnace. 
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