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This invention relates to the operation of 
blast, furnaces under interial pressure substa2 
tially greater than at nospheric pessuse, and 
has particular reference to the provision of Enea 2.8 
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whereby power may be recovered by expansion 
in an engine of the resulting high pressure ill 
nace output gases, without seriously affecting 
the operation of blast gas blowei's, coaga'es 
sors or the like, when the blast pressure 2,223 
voluzine are altered. 

in my copending application Serial No. 849, 
fled June 12, i936, nowy Fatent No. 2, 3,033, 
issued September 27, 1938, there is describeds, 
noveli method of operating olast furnaces Li Zhdier 
internal pressures substantially in excess of in OSe 
enployed in norrinal practice. Oasily, the 
pressure of gases leaving a blast furnace, i.e., 
the pressure in the furnace top, usually called. 
"top pressure', is, as stated in the aforemente 
tioned application, merely that resulting froix. 
back-pressure developed by the frictional 'e- 
sistance to the flow of the gases through pipes, 
conduits, stoves, gas burners and the like, and 
it is well known that he top pressures is us 
developed are ordinarily iess than about one 
fourth atmosphere gauge. In the proposed 
method of pressure operation, the internal press 
sure, and consequently the top pressure, is in 
creased by controlling the back pressure on the 
gases leaving the furnace, hereinafte" called the 
furnace gases, by any convenient ineans such 
as a throttle or expansion valve, or expansion 
engine. As the top pressure is thus increased, it 
will be obvious that to maintain a given last 
late the blast pressure aust also be increased, 
which requires additional blast power for a given 
blast rate. However, as the top pressure is int. 
creased, it will be evident that at Sone pressure, 
the exact value of which will depend upon local 
conditions, it becomes economically advantageous 
to recover power from the furnace gases by exe 
panding them through a suitable engine, which 
may be an expansion engine or an internal com 
bustion engine, or the like. 
As pointed out in the aforementioned copending 

application, the volume of furnace gases is al 
ways greater than the blast volune, because 
each molecule of oxygen in the blast is converted 
by combustion in the tuyere Zone into two vol. 
umes of carbon monoxide: 

(CE, 75-43) 
the resultant increase a volute being spox 
sately in the ratio 

6 
is 1.2 

or about 20%. This inizintain increase in volune 
is fathex considerabiyalagasaerted Roy the voisie 
nette of the carorasceolag fuel charged, by 
deco position of noisture is he last, of direct, 
Oidation of carbon to carbor nooxide y the 
oxygeia contained in the charge, by carbon di 
O2 die evolved from the linestone in the charge, 
3.Ed. by Water vapor diver of in drying the 
charge, 2, considerable Orion of whic, together 
wit: the blast noisture, sually reacts with car 
303 a to for in hydrogers and carton Rogozide. 
Tauis, while the Stainirau I, increase in Yolarine 
of furnace gases as compared with blast, voice 
is about 20%, the increase may be and usually 
is very nuch greater, i. e., on the order of 50%, 
depending upon conditions of operation. 

Witnir econonica, Sanges of operatisag pies. 
Suare, when handling reasonably large folynes of 
gas at suitable initial terraparatures, modern ex 
pasion engines, as for example, gas turbines 
show efficiencies on the order of 20%. 
that if the extra, blast power required to congress 
tie blast for pressure ope'ation, as compared 
with that required for normal operation, is A, 
the amount of power recoverable by expanding 
the ful inace gases at suitaile initial terrperature 
and Wii reasonably high initial pressure, is on 
the order of Axi.40x0.70=0.98, or approximately 
the Enont of extra, blast power required. As 
a na&ite of fact, the ratio of recoveralole power 
to blast power is sonnewiaat, greater than is 
rough calculation Would indicate, because, as 
pointed out in seid patent, as the top pressure 
is increased the pressure drop through the flix, 
Basace for £, give blast rate decreases, so that, g, 
part of the 'no'nal' best power which is ordi 
inarily absorbed by frictional resistance, and is 
thus entirely wasted, becomes available for re 
COVery by exp2ision in the nanner mentioned, 
It will this be evident that as top pressure and 
the blast pressure are increased, the extra, power 
required to compress the blast increases as corn. 
pared with normal operation, while the power 
recoverable frox, the furnace gases increases 
roughly in like quantity; and conversely. 

In accordance with the present invention, ad. 
vantage is taker of the condition of increased 
potential energy in the furnace gases as the 
result of operation at a top pressure in excess of 
&oot one-fourth atmosphere gauge, by “floating' 
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across the blast gas line and the furnace gas 
line 8 blast gas compressor, hereinafter called a 
booster, and an expansion engine respectively, 
the two machines being mechanically or elec 
trically linked together so that the power re 
covered by expanding the furnace gases in the 
engine is employed in whole or in part, either 
to boost the initial blast gas pressure to the 
desired blast pressure, or to compress the blast 
gas to some desired initial pregs are, in which 
case the Sinal blast pressure may be obtained 
by means of a separate auxiliary booster. In 
either cage, one or both of the blast gag con 
pressors or blowers may be and is preferably 
equipped with other driving means, such as an 
electric motor, in order to provide control of the 
blast gas pressure without necessarily relying 
upon the power recovered from the furnace gases. 
In carrying out the invention I prefer to con 

press the blast gas to an initial pressure on the 
Order of from A to 1% atmospheres gauge, as in 
normal furnace practice, by means of a con 
pressor of conventional type. This makes pos 
sible the useful employment of present blowing 
equipment on a furnace converted for pressure 
operation, and at the same time facilitates oper 
ation under normal conditions if for any reason 
pressure operation is discontinued, or the pres 
sure is temporarily sharply decreased, as, for ex 
ample, during the tapping period. When using 
this preferred system of operation, the additional 
blast gas pressure is developed by a booster, pref 
erably of the centrifugal type, and this booster 
may be alternatively connectible to an expansion 
engine of the turbine type driven by the furnace 
gases, and to an auxiliary engine or electric no 
tor. By controlling the discharge pressures of 
the compressor and blower, either automatically 
or by hand, it is then possible to distribute the 
total work of blast gas compression between the 
compressor and the booster, so that the booster 
uses to maximum advantage all of the power de 
livered by the expansion engine, while variations 
in the total blast power required, not automatical 
ly compensated by the action of the expansion 
engine, are taken care of by variations in the 
power consumed by the initial compressor. 
For a more complete understanding of the in 

vention, reference may be had to the accom 
panying drawings, in which 
Figure 1 illustrates diagrammatically a pre 

ferred arrangement of the present invention, 
whereby the potential power of the furnace gases 
produced by a blast furnage operated under pres 
sure may in large part be secovered and employed 
to maximum advantage; 

Figure 2 is a diagrammatic showing of a pres 
sure-actuated control mechanism for a compres 
sor motor; and / 

Figure 3 is a diagrammatic showing of a modi 
fled form of pressure-actuated control mecha 
nism. 

In the drawings, numeral designates a blast 
furnace of more or less conventional design and 
construction, but modified in the manner de 
Scribed in the aforementioned patent to operate 
under a top pressure in excess of about one 
fourth atmosphere gauge. So modified, the fur 
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nace to may include the double bell and hopper 
arrangement at the top of the furnace, adapt 
ed to serve as a pressure lock whereby pressures 
built up in the shaft of the furnace C may be 
maintained by proper manipulation of the pres 
sure lock fl. Preferably, a by-pass f2, provided 
with a valve , connects the furnace with the 
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pressure lock so as to equalize the pressure be 
tween the furnace O and the lock during 
charging operations, whereby the lower bell may 
be readily lowered without the additional force 
which would otherwise be required to lower it 
against the furnace pressure. 
The bustle pipe 4' supplying the tuyères 5 

may be also of conventional construction and sup 
piled Vyth blast air or other gas by the blast feed 
duct & connected to the compressor 6, with 
O' without an auxiliary booster between the 
contagessor 6 and the bustle pipe fé, depending 
upon pressure and other operating requirements. 
Preferably such an auxiliary booster is pro 
vided and may be of the centrifugal type. Both 
the blast gas compressor 6 and the booster 
may be provided with auxiliary driving engines 
or motors 3 and 8, respectively, connectible and 
disconnectible at will by means of respective 
clutches 28 and 2. 

The furnace gases, issuing from the furnace 
top through down-take duct 22, are led through 
a conventional dust catcher 23 and scrubber 23 
OE the like, for removing the entrained dust and 
foreign material, so that the gases may be direct 
ly employed for operating the expansion engine 
26, which may be a reciprocating engine or a 
turbine, depending upon requirements. The ex 
pansion engine 25 thus replaces internal combus 
tion engines or the like customarily supplied with 
furnace gas cleaned in any conventional man 
ner, and at the same time performs the func 
tion of creating a back pressure on the furnace 
gases and thus building up pressure within the 
furnace to the desired amount for pressure 
Operation. 
The expansion engine 25 may be connected 

through a differential 26, gearing 2 and clutch 
28 to the compressor 6 and through a differen 
tial 28, gearing 29 and clutch 36 to the booster . 
It will be understood that as clutches 28 and 3e 
are disengaged the corresponding side of the dif 
ferential 25 is locked, either by locking the 
clutch or otherwise, and that when clutches 28 
and 36 are engaged the respective clutches 2 
and 2 are disengaged, and vice versa. Alterna 
tively, engine 25 may be an internal combustion 
engine, whose developed power will inherently 
vary with the initial pressure and thus the en 
gine automatically develops more or less blast 
power as required. In either case, instead of 
direct mechanical connection between the en 
gine 26 and the compressor 6 and/or the booster 

, the engine 25 may be used to drive an electric 
generator, and the compressor 6 and/or booster 

driven by electric motor or motors actuated by 
the generator or by other source of electric 
power. 

in operation, the compressor 6 may, for ex 
ample, be driven by an engine or motor 8 with 
clutch 28 disengaged as shown. Compressor 6 
then may compress the blast air or other gas to 
an initial pressure on the order of 4 to 14 at 
mospheres gauge, as in normal furnace prac 
tice. The expansion engine 25, or the equivalent 
internal combustion engine, by its resistance to 
motion, develops the requisite back pressure on 
the furnace gases to create the desired internal 
pressure within the furnace 0, as described, re 
quiring increasing blast pressure as the back 
pressure develops through the system and in 
creases to the desired degree. The booster 
may accordingly be placed into operation by con 
necting it through clutch 2 to its auxiliary mo 
tor 9, clutch 30 being disengaged. As the ex 
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pansion engine 25 develops power under opera 
tion by the furnace gases, the booster may then 
be disconnected from the auxiliary engine Or 
motor 9 by disengaging clutch 2, and connected 
to the expansion engine 25 by engaging clutch 
30, so that the requisite pressure of the blast feed 
gas for pressure operation of the furnace is 
maintained by the expansion engine 25 operat 
ing on the furnace gases in the manner described. 
Alternatively, the initial compressor engine or 
motor 3 may be adapted to provide pressure 
to cause the expansion engine 25 to become effec 
tive in driving the booster , in which case the 
booster automatically develops the required ad 
ditional pressure without provision of auxiliary 
engine or motor 9, 
With such arrangements the existing blowing 

equipment, i. e. the compressor 6, of a blast fur 
nace converted to pressure operation according 
to the invention of the aforementioned applica 
tion, may be usefully employed. It also enables 
the return to normal operation O' reduced blast 
pressure during the tapping period, signply by 
cutting out the booster 7, which may then be 
positioned in a valve-controlled by-pass of the 
blast gas duct G 3 in a nanner readily under 
stood. A by-pass 22 may also toleed of SOErie 
of the ful'aace gases for blast preheating equip 
inent O' te: ixe. 
Since the engine 25 and booster "float' ben 

tween the furnace gas and blast gas lishes, the 
booster nay supplement the corapressor SS, 
by performing its booster function and also part 
of the initial compression work of the coxapiress 
sor 6, at ties when he power outgut of Ele 
expansion engine 25 exceeds that recessary for 
operation of the booster alone. A that case the 
speed or pressure control of the compresso: 6 
and engine or motor 3 Snay be adjusted, such 
as with a tiarcitle 32 in he case of £2 engine or 
with a rineosat, in the cage of a Enotor, either 
manually or automatically by an electric control 
3 operated in response to changes is pressure is 
the blast gas duct, & above and/or below a pree 
determined degree. Typical mechanisms re 
sponsive to pressure in the blast duct, (3 for COX 
trolling operation of the motor 8 are disclosed 
in Sigures 2 and 3. In the device disciosed in 
Sigure 2, he automatic control 3S includes e. 
diaphrag 33 responsive to variation is a press 
Suire in duct, 33 and connected to 3 pivotally Sup 
ported arm 33 of a rheostat 36, which includes 
contacts 3 &nd interposed resistances. 3. As 
the diaphraga is moved inwardly or outwardiy 
in response to variation in pressure in the blast 
duct it, the resistance in circuit, with the electric 
motor 8 is varied, reducing the speed of the 
motor 8 as the pressure in the duct 3 incresses 
and increasing the speed of the motor. 3 as the 
pressure decreases, w 

If a gas engine 3 is used, the rheostat 33 is 
connected in circuit with a solenoid 33 which con 
trols a throttle valve 39 in the fuel line of the 
engine, as illustrated in figure 3. In this device 
as the pressure in the duct ( increases the re 
sistance of tile rheostat is decreased so that the 
throttle is partially or completely closed against 
the tension of the spring 33. As the pressure in 
the duct & decreases, the resistance of the rheos . 
stat 35 is increased, thus reducing the attrac 
tion of the solenoid and allowing the spring to 
open the throttle 39 and increase the speed of 
the notor. In this way, the booster may be 
caused to employ to maximum advantage all of 

the power delivered by the expansion engine 
2, 

If desired or feasible, as previously intimated, 
the auxiliary motor 9 for booster may be dis 
pensed with by providing the initial compressor 
6 of sufficient capacity to build up a pressure 

Substantially in excess of its normal operating 
pressure, and if this method is followed, the dis 
charge pressure of the initial compressor 3 will 
necessarily be varied to compensate for the pres 
Sure developed by the booster as soon as it 
begins to function under operation by engine 25, 
as determined by the automatic pressure respon 
sive control 3?, for example. Thus, as the top 
pressure begins to increase, the power developed 
by the engine 25 and transmitted to booster G 
will increase, so that the pressure developed by 
compressor 6 may be gradually decreased in or 
der to maintain the desired blast pressure. This 
is the ideal method of operation of the arrange 
anent of the invention, for variations of blast 
pressure and OS top pressure are automatics ly 
compensated with only slight variations in the 
Operating conditions of the initial compressor 
6. This is especially advantageous in case it 

is desired to decrease the last pressure when 
slag or Snetal is apped from the furnace. 

Alternatively, the furnace may be started 
and operated with the booster , disconiaected by 
disengeged clutch 30 from the expansion enging 
2S and connected by engaged clutch 26 to a no 
tor 9, while conpressor 8 may be connected by 
engaged clutch 26 to the expansion engine 23 
and disengaged froin its motor A3 by, disengaged 
clutch 28. bapending upon the pressure cord 
tions equired, a large capacity compressor G6 
Inay provide all of the blast from the power fur 
inished by the expassion engine 23, the autoratic 
pressure-responsive cut-out or control 36 regu 
iating the operation of the booster motor 3 in 
accordance with the blast pressure requirements 
by adjusting the throttle or rheostat 32. 

it will be seen that the arrangement, of 8he 
pieSeat invention provides a very effective means 
for recovering potential power of expansion iron 
the furnace gases as the result of operation of a 
blast furnace under pressure in accordance with 
the invention of said patent, and while certain 
preferred arrangernets of the invention have 
been illustrated and described herein, it is to be 
understood that the invention is not limited 
thereby, but is susceptible of changes in form 
and det2.ii within the scope of the appended 
clairas. 

claim: 
i. The method of operating a sealed blast fur 

nace, which comprises supplying the blast feed 
gas at Superatziospheric pressure by neans of a 
COrapressor, in airtaining the furnace under 
Superatospheric top pressure in excess of about 
one-fourth atmosphere gauge, operating a pres 
Sure-responsive engine with the furnace dis 
charge gases, and 2 tilizing the power output of 
Said engine to aid in driving said compressor. 

2. The method of operating a sealed blast fur 
Inace, which comprises supplying the blast feed 
gas at Superatinospheric pressure by means of a 
compressor, maintaining the furnace under 
Superatmospheric top pressure in excess of about 
One-fourth at nosphere gauge, operating a com 
bustion engine with the combustible furnace dis 
charge gases, and utilizing the power output of 
said engine to aid in driving said compressor. 

3. The method of operating a sealed blast 
furnace, which comprises supplying the blast feed 
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gas at superatmospheric pressure by means of 
a driven compressor, creating back pressure on 
the gas discharged from the furnace by means 
of an expansion engine to maintain a superat 
mospheric top pressure within the furnace in 
excess of about one-fourth atmosphere gauge, 
and utilizing the power dutput of said engine to 
aid in driving said compressor. 

?i. The method of operating a sealed blast fur 
nace, which comprises starting the furnace by 
supplying the blast feed gas with a driven con 
pressor, increasing the pressure of the blast feed 
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gas with a driven auxiliary compressor, main 
taining the furnace under Superatmospheric top 
pressure in excess of about one-fourth atmos 
phere gauge, operating an engine with the fur 
nace discharge gases, using the power output of 
said engine to drive the auxiliary compressor 
when the power output of the former substan 
tially equals the power required by the auxiliary 
compressor, and disconnecting the original drive 
of the auxiliary compressor to allow said engine 
to operate the auxiliary compressor. 

5. The method of operating a blast furnace, 
* Which comprises starting the furnace by Sup 
plying the blast feed gas at Superatmospheric 
pressure with a primary compressor and an aux 
iliary compressor, maintaining the furnace un 
der superatmospheric top pressure in excess of 
about one-fourth atmosphere gauge, operating 
an expansion engine with the furnace discharge 
gases, driving said auxiliary compressor with 
said engine, and reducing the blast of said pri 

..mary compressor as the auxiliary compressor 
increases the blast feed gas pressure in response 
to the increasing power output of said engine. 

6. In a blast furnace having a blast feed pipe 
and a gas discharge pipe, the combination of a 
sealed furnace shaft capable of Operation at 
Superatmospheric pressure, means for compress 
ing the blast feed gas supplied to the blast feed 
pipe to superatmospheric pressure, an engine 
connected to the gas discharge pipe for operation 
by the furnace discharge gases and exerting a 
back pressure to maintain a superatmospheric 
internal pressure in Said furnace, and diving 
connections between said engine and said com 
pressing means, said engine supplying at least 
part of the power required to drive said means 

... during operation of the furnace. 
7. In a blast furnace having a blast feed pipe 

and a gas discharge pipe, the combination of a . 
sealed furnace shaft capable of operation at 
superatmospheric pressure, a compressor for 
compressing the blast feed gas supplied to the 
blast feed pipe, driving means for said com 
pressor, a booster compressor between said fur 
nace and the compressor for increasing the blast 
feed gas pressure, an expansion engine Con 
nected to the gas discharge pipe for Operation 
by the furnace discharge gases, driving conneca 
tions between said engine and said booster Com 
pressor, and means for decreasing the rate of 
operation of said compressor as the power sup 

8. In a blast furnace having a blast feed pipe 
and a gas discharge pipe, the combination of a 
sealed furnace shaft capable of operation at su 
peratmospheric pressure, a compressor for com 
pressing the blast feed gas supplied to the blast 
feed pipe, a booster compressor between said fur 
nace and the compressor for increasing the blast 
feed gas pressure, driving means therefor, an 
engine connected to the gas discharge pipe for 

2,192,885 
operation by the furnace discharge gases, driving 
connections between said engine and said booster 
compressor, and means responsive to a prede 
termined degree of pressure in the blast feed pipe 
for disconnecting said driving means from the 
booster compressor, said engine, only, then driv 
-ing said booster compressor. 

9. In a blast furnace having a blast feed pipe 
and a gas discharge pipe, the combination of a 
sealed furnace shaft capable of operation at su 
peratmospheric pressure, a compressor for com 
pressing the blast feed gas supplied to the blast 
feed pipe, a booster compressor between said fur 
nace and the compressor for increasing the blast 
feed gas pressure, driving means therefor, an 
engine connected to the gas discharge pipe for 
Operation by the furnace discharge gases, driv 
ing connections between said engine and said 
booster compressor, and means responsive to 
predetermined higher and lower degrees of pres 
Sure in the blast feed pipe for respectively discon 
necting and reconnecting said driving means to 
the booster compressor, said engine supplying 
all of the power for driving said booster com 
pressor When the driving means is disconnected 
and part of the power when the driving means 
is connected to the booster compressor during 
operation of the furnace. 

10. In a blast furnace having a blast feed pipe 
and a gas discharge pipe, the combination of a 
Sealed furnace shaft capable of operation at su 
peratmospheric pressure, a compressor for com 
pressing the blast feed gas supplied to the blast 
feed pipe to superatmospheric pressure, driving 
means therefor, an expansion engine connected 
to the gas discharge pipe for operation by the 
furnace discharge gases, a booster compressor 
connected to said blast feed pipe between said 
furnace and the compressor, driving connections 
between said engine and said booster compres 
sor, and means for decreasing the output pres 
sure of Said compressor as the Supplemental out 
put pressure Supplied by said booster compressor 
increases. 

1. In a blast furnace having a blast feed pipe 
and a gas discharge pipe, the combination of a 
sealed furnace shaft capable of operation at su 
peratmospheric pressure, a compressor for com 
pressing the blast feed gas supplied to the blast 
feed pipe to Superatmospheric pressure, driving 
means-therefor, an engine connected to the gas 
discharge pipe for operation by the furnace dis 
charge gases, a booster compressor connected to 
said blast feed pipe between said furnace and the 
Compressor, driving connections between said 
engine and said booster compressor, and means 
for regulating the speed of said compressor driv 
ing means to compensate for variations in the 
pressure output of said booster compressor. 

12. In a blast furnace having a blast feed pipe 
and a gas discharge pipe, the combination of a 
Sealed furnace shaft capable of operation at su 
peratmospheric pressure, a compressor for com 
pressing the blast feed gas supplied to the blast 
feed pipe to superatmospheric pressure, driving 
means therefor, an engine connected to the gas 
discharge pipe for operation by the furnace dis 
charge gases, a booster compressor connected to 
said blast feed pipe between said furnace and the 
compressor, driving connections between said 
engine and said booster compressor, and means 
responsive to a predetermined increased blast 
feed pressure for reducing the Speed of Said COm 
preSSO driving means, 
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13. In a blast furnace having a blast feed pipe 

and a gas discharge pipe, the combination of a 
Sealed furnace shaft capable of operation at su 
peratmospheric pressure, a compressor for com 
pressing the blast feed gas supplied to the blast 
feed pipe to superatmospheric pressure, driving 
means therefor, an engine connected to the gas 
discharge pipe for operation by the furnace dis 
charge gases, a booster compressor connected to 

Said blast feed pipe between said furnace and 
the compressor, Operative connections between 
said engine and said booster compressor, and 
means responsive to predetermined increased and 
decreased pressures in the blast feed pipe for re 
spectively decreasing and increasing the speed 
of said compressor driving means. 
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