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1. 

This invention relates to a plant for the pro 
duction of compressed air, e. g. blast furnace air, 
in which air is brought in at least one compressor 
to a higher pressure than the pressure required 
in the compressed air consumer, then heated in 
a heater by a supply of heat derived from an 
external Source, and afterwards expanded (whilst 
giving up energy) in at least One turbine which 
drives the compressor. 

In such plants if it is at all possible, an opera 
tion without Supply of external power is aimed 
at, that is to Say endeavour is made to produce 
in the turbine just so much energy as the com 
pressor requires. It is however important that 
even under altered Working conditions, e.g. par 
tial loads, an operation without Supply of external 
power shall be still ensured. In order to attain 
this, it is already known to adapt the consump 
tion of energy by the compressor to the particular 
working conditions of the moment by varying the 
degree of intermediate cooling during the process 
of compression, or to Vary the amount of air con 
pressed in the compressor to the final pressure 
or the amount of air expanded in the turbine to 
the final pressure. 
The object of the present invention is to pro 

vide further means which will render an opera 
tion without supply of external work possible 
under different working conditions, and this in a 
manner involving a Small consumption of heat 
and allowing of a rapid adaptation to the working 
conditions at any particular moment. For this 
purpose according to the present invention, a 
quantity of air which is greater than the quantity 
required by the compressed air consumer is with 
drawn from the turbine at least before the last 
stage thereof and passed again into the heater. 
The part which is to be passed to the consumer 
is then branched off from this quantity of air. 
heated for the Second time, and the remainder 
together with the quantity which has not been 
passed for the second time through the heater, 
expanded still further in the turbine, after which 
this remainder serves, at least in part, as air to 
support combustion in the heater. t 
Two simplified constructional forms of the Sub 

ject matter of the invention are shown in the 
accompanying drawing in which: 

Fig. 1 represents a plant for the production and 
heating of blast furnace air, in which the com 
pression of the air takes place without interne 
diate cooling and 

Fig. 2 represents a plant for the production of 
blast furnace air in Which the Bir is internae 
diately cooled once during the compression 
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2 
thereof, and in which also a part of the fuel is 
introduced into a combustion chamber placed 
between two systems of pipes. 

In Fig. 1 of the drawing f denotes ablast fur 
nace. The compressed air required in this latter 
is supplied by a compressor 2, which draws air 
in from the atmosphere. This compressor 2 not 
only draws in the quantity of air required in the 
blast furnace but also the additional quantity 
which it requires to be able to drive the com 
pressor 2 in the way to be hereinafter described. 
The compressor 2 compresses the whole of the 
quantity of air drawn in to a pressure which is 
higher than that which corresponds to the con 
sumption pressure at the blast furnace in 
creased by the normal additional losses of pres 
sure in the pipes and apparatus. The compreSSOr 
2 forces the compressed air through a pipe 2 into 
a system of pipes 3, which, for the greater part, 
are accommodated in a second flue 5 of a heater 
4. This system of pipes 3 is traversed by the air 
to be heated from below upwards, i. e. in the 
opposite direction to that in which the flue gases 
pass. The air heated therein passes through a 
pipe 6 into the high pressure part of a two cas 
ing turbine the low pressure part of which is 
denoted by 3. In the high pressure part of the 
turbine the air expands, giving up energy, as it 
does so, to the compressor 2 and after having 
passed through all the stages of this part it 
passes into a pipe 9 which is connected to a second 
system of pipes of the heater 8. This system 
of pipes is accommodated in a first fue 5 of 
the heater 4 and the air therein which is to be 
heated flows through them likewise from the bota 
torn upwards, but in the same direction as the 
heating gases. The air heated for the second 
time in the system of tubes to passes into a pipe 

, which is connected to the inlet to the low 
pressure part 8 of the turbine. At the point 2 
on the pipe the quantity of compressed air 
required in the blast furnace is branched off 
from the current of air which has been heated 
for the second time. The remainder of this cur 
rent of air is expanded still further in the low 
pressure part 8 of the turbine giving up energy 
as it does so to the compressor 2 and passes finally 
through the pipe 3 into the burner 6 of the 
heater 4 there to serve as air for the Support of 
combustion, 5 denotes the combustion chamber 
of the heater. From the pipe 9 there branches 
of a by-pass pipe 6, which is connected to the 
pipe and in which an adjustable regulating 
device is inserted. A quantity of the air ex 
panded in the high pressure part of the turbine 

  



sure section of the turbine 27. 

3 
and adjustable at any time, can pass over directly 
into the low pressure part 8 of the turbine without 
going through the system of tubes fo. With the 
help of the quantity of air passing through the 
pipe 6 the temperature at the inlet to the low 
pressure part 8 can be controlled. This enables 
firstly the energy produced in the low pressure 
part 8 to be controlled and secondly if a higher 
temperature is desired for the air to be supplied 
to the blast furnace, correspondingly highly 
heated air can be prevented from passing into 
the low pressure part 8, it being always possible 
to allow such a quantity of colder air to pass 
through the pipe 6 into the pipe i? that the air 
passing into the low pressure part 8 shall have 
approximately the temperature for which this 
part is designed. For the sake of completeness 
it should also be stated that 8 denotes a pre 
heater for the fuel which flows to the burner f4 
through a pipe 9. 20 is an auxiliary motor, 
which serves to start up the plant. 
The constructional form shown in Fig. 2 differs 

in the main from that just described only by 
the fact that the compressor 2 in which the 
whole of the quantity of air drawn in is com 
pressed, is built with two casings and that the 
air is cooled intermediately during the process 
of compression in a cooler 22. In consequence of 
the provision of a short-circuit pipe 23 with a 
regulating device 24 the quantity of air which 
is subjected to intermediate cooling, can be reg 
ulated and therefore also the energy absorbed 
by the compressor 2. In other respects the 
second constructional form of the plant differs 
from the one previously described also by the 
fact that a further combustion chamber 29 is 
provided between the system of pipes 25 in which 
the whole of the quantity of air drawn in is 
heated, and the system of pipes 26 in which at 
least part of the air expanded in the high pres 
Sure stages of the turbine 27 is heated for the 
second time. 
The quantity of air required in the blast fur 

nace 32 is likewise branched off from the quantity 
of air heated for the Second time in the system 
of pipes 26, at the point 30 on the pipe 3, which 
leads from the System of pipes 26 to the low pres 

The remainder 
of this quantity of air is expanded still further 
in said low pressure section of the turbine 27 
giving up, as it does So, energy to the compressor 
2. The air escaping from the turbine 27 is sup 
plied through pipes 40, 4, 42 as air to support 
combustion to the burners 33 and 34 of the heater 
35. A short-circuit pipe 36 with an adjustable 
regulating device. 37 permits of an adjustable 
quantity of the air escaping from the high pres 
sure part of the turbine 27 into pipe 38 to pass 
directly into the pipe 3 without passing through 
the system of pipes 26, so that any desired tem 
perature may be adjusted at the inlet to the low 
pressure section of the turbine 2. According 
to the adjustment therefore of the regulating 
device 37 the whole or only a portion of the air 
expanded in the high pressure part of the tur 
bine 27 flows through the system of pipes 26 in 
which air is heated for the Second time. 
The air escaping from the low pressure part of 

the turbine need not be wholly used as air for 
the support of combustion. Part of it may be 
used for preheating purposes for example. 
The above described possibility of being able 

to influence the temperature of a quantity of 
air withdrawn from the turbine and heated a 
second time in the heater prior to its entry into 75 
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4. 
the turbine again so as to regulate the energy 
supplied by the compressor, can be used simul 
taneously with one or more other means for in 
fluencing the amount of energy consumed by the 
compressor or produced by the turbine. Such 
further known means are for example varying 
the amount of air serving as an excess in the 
heater, and varying the amount of air com 
pressed in the compressor to the final pressure 
or that expanded in the turbine to the final 
pressure. 
What is claimed is: 
1. A plant for compressing and heating air 

and delivering the heated compressed air at a 
desired rate at desired temperature and pressure, 
comprising in combination at least one com 
pressor arranged to draw air from the atmos 
phere at a rate greater than said desired rate 
and compress it to a pressure greater than said 
desired pressure; a heater structure enclosing 
a combustion space and an offtake passage lead 
ing therefrom; combustion means in said space; 
a primary heat exchanger and a secondary heat 
exchanger mounted in said offtake passage so 
as to derive heat from products of combustion 
flowing therethrough from said combustion 
means; a staged turbine connected to drive said 
compressor and subdivided into two units in the 
first of which air can be expanded from the pres 
Sure to which it is compressed by the compressor 
approximately to said desired pressure and in 
the second of which air can be expanded from 
said desired pressure to a pressure suited to 
said combustion means; connections for leading 
air from the compressor outlet to the inlet of 
the primary exchanger and from the outlet of 
said exchanger to the inlet of the first turbine 
unit; connections from the outlet of the first 
turbine to the inlet of the secondary heat ex 
changer and from the outlet of said exchanger 
to the inlet of the second turbine unit; a final 
discharge connection for heated compressed air 
leading from the outlet of said secondary ex 
changer; a connection from the outlet of the 
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second turbine unit to said combustion means; 
a flow connection from the outlet of the first 
turbine unit to the inlet of the second turbine 
unit; and a regulating device controlling flow 
through the last named connection. 

2. The combination defined in claim 1 in which 
the compressor comprises two staged units con 
nected in series with an interposed intercooler; 
and means are provided to regulate the cooling 
action of said intercooler. 
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