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This invention relates to combustion apparatus 
for high temperature heating furnaces such as 
soaking pits and the like. In high temperature 
furnace Operation, it is common practice to pre 
heat the air for support of combustion by means 
of a recuperator heated by a stream of flue gas 
vented from the furnace. A refractory tile re 
cuperator is well adapted to Withstand the high 
temperatures of the fiue gas vented from the fur 
nace but is not Well adapted to withstand. Sub 
stantial differential pressure between the air and 
the flue gas streams flowing through the re 
cuperator and, therefore, it has been proposed to 
employ a hot fan for drawing the air rather than 
forcing it through the air passages of the re 
cuperator and for forcing the heated air to the 
furnace burner. However, because of bearing 
problems and temperature limitations of the ma 
terials of which the fan is constructed, the safe 
operating temperature of the fan is usually Sub 
stantially below the attainable preheat tempera 
ture of the air, hence in such cases the preheat 
temperatures must be limited to the safe operat 
ing temperature of the fan. The general object 
of the present invention is to make it practical : 
to employ a jet pump instead of a fan for draw 
ing the air through the recuperator and for forc 
ing it to the furnace burner whereby to permit 
full use of the attainable preheat temperature of 
the air and to avoid the numerous operating dif 
ficulties inherent in the use of a hot fan. For a 
consideration of what I consider to be novel and 
my invention, attention is directed to the follow 
ing specification and the concluding claims 
thereof. 

In the accompanying drawingsforming part of 
this specification, the single figure is a more or 
less diagrammatic view of a soaking pit with the 
present invention applied thereto. . . . . . 
The soaking pit comprises combined conbus 

tion and heating chamber 10 which is normally 
closed by a cover fi, the chamber normally be 
ing of a size to contain a plurality of steel ingots 
2 indicated in routine by discontinuous lines. 
Heating flame enters the chamber () from a fir 
ing port 3 whose inlet is coincident with the 
outlets of a burner i4 to which fuel is delivered 
by a supply pipe 5 having a control valve 6 and 
to which air for combustion is delivered by a duct 
T having a control valve 8. Flue gas (products 

of combustion) is vented from the chamber 0 
through an exhaust port 9. The heating unit 
thus far described represents nothing new and is 
usually one of several units having a common flue 
gas exhaust manifold 2 - and a common burner 
air distributing manifold 22. 
The flue gas exhaust manifold 2f connects with 

a-stack 27 through a connecting flue 30 and there 
is positioned in said flue next adjacent said ex 
haust manifold a refractory tile recuperator 3 
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Which may be considered as being of the type dis 
closed in patent to Stein 1,404,721. A refrac 
tory tile recuperator is preferred over a metal re 
cuperator because a tile recuperator is better 
adapted than a metal recuperator to withstand 
the relatively high temperature of the flue gas 
coming from Said exhaust, manifold. The cold 
air inlet for said recuperator is indicated at 33 
and the hot air outlet at 34. 
A hot air duct generally indicated at 35 con 

nects the recuperator hot air outlet 34 with the 
hot air distributing manifold 22 for the burners 
4 and the means for causing the heated air to 
flow from said outlet 34 to said manifold 22 com 
prises a jet pump in Said, duct, the pump.com 
prising an entraining tube 36 and a nozzle 37 for 
discharging motive fluid into the mouth of said 
tube across an intervening air space whereby to 
dira. Wheated air from said outlet and thence force 
it to Said air distributing manifold 22. The re 
Sulting partial vacuum at Said outlet 34 is suffi 
cient to cause air at atmospheric pressure to 
enter and flow through the air passages of the 
recuperator from the air inlet 33 of the same. 
The motive fluid for the jet pump is air under 

preSSure that has been preheated by being passed 
through the air passages of a metal recuperator 
46 positioned in the fiue 30 at a point between the 
Stack 27 and the tile recuperator 3, whereby the 
flue gas which heats the metal recuperator is flue 
gas Which has already passed through the tile re 
cuperator and which therefore is cool enough to 
make it practical to employ a metal recuperator 
at that point. The metal recuperator may be 
considered as being of the type disclosed in patent 
to Mantle 2,332,450. The motive air is delivered 
under pressure to the air intake side of the metal 
recuperator. 40 by a motor driven blower 4, the 
delivery conduit from the blower being indicated 
at -42. The delivery conduit from the metal re 
cuperator to the jet pump nozzle 37 comprises the 
conduit sections, 43,44, 45 and 46. 
The Stack 27 may be of the ejector type com 

prising a nozzle 5 for the discharge of motive 
fluid for drawing flue gas, from the flue 30. The 
motive fluid may be heated air coming from the 
metal recuperator 40, the delivery conduit in such 
case comprising the conduit sections 43 and 44, 
branch line 60, valve 6i and line 62. 
The air from the blower 4 can be by-passed 

around the metal recuperator. 40 during needed 
repairs to the latter by opening an outlet, valve 
14 between the blower discharge conduit 42 and 
the branch pipe 60, the recuperator being iso 
lated by the closing of valves 75 and 76 at the air 
inlet and outlet sides of the recuperator. 
Without intending to limit the application of 

the invention, it may be stated that depending 
On operating conditions the pressure of the air 
delivered by the blower 4 to the metal recupera 
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tor 40 may be about two pounds gauge pressure; 
that the exit temperature of the air from the 
metal recuperator will ordinarily be about 500 
600 deg. F., and that the air heating capacity of 
the tile recuperator 3 will Ordinarily be such 
that the mean temperature of the air at the 
burner air distributing manifold 22 will be about 
900-950 deg. F. 

It Will be understood that the recuperator 40 
is made of metal primarily in order that air 
under pressure may be heated therein without 
leakage. However, a metal recuperator also has 
rapid heat transfer characteristics and is there 
fore particularly well adapted for use downstream 
from the tile recuperator 3 which of course has 
heat storage characteristics. Although the pre 
ferred location of the metal recuperator 40 is 
downstream in the flue 3 with respect to the tile 
recuperator 3 there may be cases where it may 
be otherwise located and therefore no limitations 
On its locations are intended except as expressed 
in the concluding claims hereof. 
Certain features herein disclosed but not 

claimed are claimed in application Serial No. 
130,294 filed concurrently herewith by C. Cone 
et al. and owned by the same assignee as the 
present application. 
What I cairn as new is: 
i. In combustion apparatus for a furnace hav 

ing a heating chamber, the combination which 
Comprises a burner arranged to fire into the 
chamber, an air heating recuperator, means for 
venting flue gas from the chamber through the 
recuperator, means forming an air passage con 
necting the hot air outlet of the recuperator with 
the burner, a jet pump in the passage for draw 
ing air through the recuperator and for forcing 
heated air therefrom to the burner, a source of 
r:lotive fluid under pressure for the pump, a sec 
Ond recuperator, conduit means for delivering 
Said motive fluid through said second recuperator, 
for heating therein, and thence to the jet pump, 
and means for venting flue gas from the chamber 
through the second recuperator. 

2. In combustion apparatus comprising means 
forming a combustion chamber, the combination 
Which comprises a burner arranged to fire into 
the combustion chamber, first and second air 
heating recuperators, means for venting flue gaS 
from the chamber through said recuperators, 
means forming an air passage connecting the hot 
air outlet of the first recuperator with the burner, 
a jet pump in the passage for drawing air through 
the air passages of the first recuperator and for 
forcing heated air therefrom to the burner, means 
for producing air under pressure to serve as mo 
tive fluid for operating the jet pump, and conduit 
means for routing Said fuid through the air heat 
ing passage of the Second recuperator and deliver 
ing Said motive fluid to the jet pump whereby 
motive fluid is preheated before it is delivered 
to Said pump, 

3. In combustion apparatus for a furnace hay 
ing a Work heating chamber, the combination 
Which comprises a burner arranged to fire into 
the chamber, a first air heating recuperator, 
means for venting flue gas from said chamber 
through the recuperator, means forming an air 
preSSure Connecting the hot air outlet of the first 
recuperator With the burner, a jet pump in said 
passage for drawing air through the air passages 
of the first recuperator and for forcing heated 
air therefrom to the burner, the jet pUmp COrn 
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4 
prising an entraining tube and a nozzle for dis 
charging notive fluid thereinto, a blower con 
stituting a source of air under preSSure to serve 
as motive fluid for operating the jet Oll), a 
Second air heating recuperator arranged to be 
heated by flue gas which has already heated the 
first recuperator, and conduit means for routing 
Said notive fluid from the blower through the air 
passages in the second recuperator and to the 
nozzle. 

4. Air Supply apparatus for Supplying air to a 
burner for combustion in a furnace COmprising, 
in combination, flue means forming a flue gas 
paSSage from the furnace, first and Second recup 
erators disposed in said paSSage and each having 
an air conduit therethrough, first duct means Oila 
necting the first recuperator air Conduit to the 
burner, a jet pump in the first duct SeaS for 
drawing air from the first recuperator and de 
livering at least a portion of Said air to the 
burner, Second duct means Connecting the second 
recuperator air conduit to the jet pump to Supply 
air under pressure thereto for Operating the jet 
pump and means comprising a blower for Supply 
ing air to the Second recuperator and air conduit. 

5. Air Supply apparatus for Supplying combus 
tion air to a furnace Comprising, in combination, 
fitte means forming a flue gas paSSage from the 
furnace, first and second recuperators disposed in 
Said passage and each having an air conduit 
therethrough, first duct, means connecting the 
first recuperator air conduit to the furnace, a jet 
pump in the first duct means for drawing air 
from the first recuperator and delivering at least 
a portion of said air to the furnace, second duct 
is Connecting the second recuperator air on 

duit to the jet pump to Supply air under pressure 
thereto for operating the jet pump and means 
conprising a blower for supplying air to the sec 
Ond recuperator air conduit. 

6. Air Supply apparatus for Supplying air to 
burners for combustion in a plurality of furnaces 
comprising, in combination, fiue means forming 
at least two flue gas passages from the furnaces, 
first and second recuperators disposed in said pas 
Sages and each having an air Conduit there 
through, an air Supply conduit for Supplying air 
to Said burners, first duct means connecting the 
first recuperator air conduit to the air Supply con 
duit, a jet pump in the first duct means for draw 
ing air from the first recuperator and delivering 
at least a portion of said air to the air Supply 
Conduit, Second duct means Connecting the sec 
Ond recuperator air conduit to the jet pump to 
Supply heated air under pressure thereto for 
Operating the jet plump and means comprising a 
blower for Supplying air to the Second recuperator 
air conduit. 
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