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3 Claims. (C. 257-224) 

This invention relates to air heating, and more particul 
f larly to a method and apparatus for utilizing the heat in 

the waste gas from a fuel-burning furnace to heat the 
air which is used for combustion of the fuel in the fur 
aCe 

The usual apparatus employed for this purpose includes 
a bank of spaced parallel metal tubes through which 
the hot gas flows, these tubes extending through a cas 
ing. The air to be heated flows through the casing in 
contact with the outer surfaces of the tubes and in a 
direction generally counter to that of the gas flow through 
the tubes. In some installations and under certain op 
erating conditions the metal tubes corrode rather rapid 
ly, particularly adjacent their "cold" or discharge ends. 
This results in considerable expense for repairs and re 
placements of tubes. 
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It is accordingly one object of the invention to provide 
an improved method and apparatus for transferring heat 
from waste furnace gas to the furnace combustion air 
without causing corrosion of metal parts. 

It is a further object of the invention to provide an 
improved air heating apparatus having metal parts so 
constructed and arranged as to avoid corrosion of such 
parts during the operation of the apparatus. 
With these and other objects in view, as will be appar 

ent to those skilled in the art, the invention resides in 
the combination of parts and the steps of the process set 
forth in the specification and covered by the claims ap 
pended hereto. 

In accordance with the invention in its preferred form 
the air to be heated is brought into indirect heat ex 
change relationship with the hot waste gas from the fur 
nace, the heat exchange taking place through metal walls 
and preferably with the direction of the air flow generally 
counter to that of the gas flow. Air which has thus 
been heated is brought into heat exchange relationship 
with the air which is approaching the first-mentioned 
heat exchange. Thus the temperature of the air is in 
creased before it comes into contact with the metal walls 
through which it absorbs heat from the gas. This avoids 
condensation of vapors from the gas and resultant corro 
sion of the metal walls. In the preferred form of ap 
paratus, there is provided a group of spaced parallel 
metal tubes through which the hot gas is caused to flow, 
and these tubes are mounted in a casing through which 
the air is caused to flow in contact with the outer Sur 
faces of the tubes and in a direction generally opposed to 
that of the gas flow. After leaving contact with the 
tubes the hot air flows through a second heat exchange 
wherein it gives up a part of its heat to the air approach 
ing contact with the tubes. 

Referring to the drawings illustrating one embodiment 
of the invention, and in which like reference numerals 
indicate like parts, 

Fig. 1 is a side view of a steam boiler furnace and as 
sociated air heating apparatus, certain parts being bro 
ken away for clearness of illustration; and 
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bring about corrosion of the metal tube walls. 

2 
Fig. 2 is a fragmentary section taken on the line 2-2 

of Fig. 1. 
The embodiment illustrated comprises a steam boiler 

furnace 10 of well-known type fired with fuel, for ex 
ample pulverized coal, which is introduced into the fur 
nace through a burner 11. The burning fuel produces 
hot gas which flows in contact with the boiler water tubes 
12 and eventually escapes through a duct 14. The gas 
flowing through the duct 14 contains considerable heat, 
and it is desirable to utilize some of this heat to raise 
the temperature of the air which is employed for com 
bustion of the fuel. For this purpose there is provided 
a heat exchange apparatus 15. 
The apparatus 15 comprises walls forming a casing 16 

through which there extends a bank of upright metal 
tubes 18. The duct 14 leads the hot gases into the up 
per ends of these tubes so that the gases will flow down 
wardly through the tubes and then into an outlet duct 
19. The duct 19 may lead to an induced draft fan or 
stack (not shown). Air for combustion of the fuel in 
the furnace 10 is supplied by a forced draft fan 20 from 
which the air flows through a duct 22 into the lower 
portion of the casing 6 and around the lower portions 
of the tubes 18. This air then flows in a generally up 
ward direction through the casing and in contact with 
the outer surfaces of the tubes, so that a transfer of 
heat will take place from the hot gases through the metal 
walls of the tubes into the surrounding air stream. Pref 
erably, suitable baffles 23 are mounted within the cas 
ing 16 to direct the upwardly flowing air in a sinuous. 
path, as this increases the efficiency of the heat transfer. 
With the apparatus as so far described, under certain 

conditions vapors carried by the furnace gases may con 
dense within the lower portions of the tubes 18 and 

In or 
der to avoid such trouble, the heated air from the upper 
portion of the casing 16 is brought into heat exchange 
relation with the cool air approaching contact with the 
lower portions of the tubes. For this purpose there is 
provided a bank of upright metal tubes 24 which ex 
tend across the path of the air as it enters the casing 
16 and before it reaches the tubes 18. The casing 16 is 
shaped to provide a passage 25 through which the hot 
air may flow downwardly to the upper ends of the tubes 
24 and then through the tubes. From the lower ends of 
the tubes 24 the hot air enters a duct 27 which leads to 
the burner 11. 
The operation of the invention will now be apparent 

from the above disclosure. Fuel will be burned in the 
steam boiler furnace 10, and the hot waste gas will flow 
through the duct 14, and downwardly through the tubes 
18 to the duct 9. The fan 20 will cause air to flow 
through the duct 22 into contact with the tubes 24 and 
then into contact with the tubes 18 and upwardly along 
the same. The air will be heated by the transfer of heat 
from the hot gas through the metal walls of the tubes 
18. The heated air will flow downwardly through the 
passage 25 and the tubes 24 into the duct 27 and thence 
to the burner 1 and the furnace i) to support the com 
bustion of the fuel. As the heated air flows through 
the tubes 24 it will transfer some of its heat to the rela 
tively cool air flowing from the duct 22 toward the low 
er portions of the tubes 8. This will increase the tem 
perature of the cool air, and as a result there will be 
less chance of condensing vapors from the gas in the 
lower portions of the tubes 18 and causing corrosion 
of the metal tube walls. 

Having thus described my invention, what I claim as 
new and desire to secure by Letters Patent is: 

1. A heat exchanger, comprising: a first end wall, a 
second end wall, and a longitudinal shell secured to said 

  

  



3 
end walls to define an elongated casing, a first baffle 
within said casing extending transversely adjacent the 
second end wall from one portion of the shell to a point 
adjacent an opposite portion of the shell, said baffle be 
ing parallel to the end walls, a longitudinal partition ex 
tending from the first baffle to a point adjacent the first 
end wall, a series of transverse baffles extending partially 
across the space between the partition and the said op 
posite portion of the shell to define a tortuous path in 
said space, a first tube bundle comprising a plurality of 
tubes having ends received in apertures in said end walls 
and extending longitudinally within the said space, a sec 
ond tube bundle comprising a plurality of tubes having 
ends received in apertures in the second end wall and 
the first baffle, the second tube bundle extending paral 
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lel to and spaced from the first tube bundle, an air inlet 
aperture in the shell between the first baffle and said 
second end wall adjacent the second tube bundle, an air 
outlet communicating with the ends of the tubes of the 
second tube bundle at the second end wall, a heating gas 
inlet communicating with one end of the first tube bundle, 
and a heating gas outlet communicating with the other 
end of the first tube bundle, whereby heating gases may 
flow longitudinally through the tubes of the first tube 
bundle in heat exchange relationship with air flowing 
serially over the tubes of the second and first tube bun 
dles and thence through the tubes of the second tube 
bundle. 

2. A heat exchanger, comprising: a first end wall, a 
second end wall, and a longitudinal shell secured to said 
end walls to define an elongated casing, a first baffle 
within said casing extending transversely adjacent the 
second end wall from one portion of the shell to a point 
adjacent an opposite portion of the shell, said baffle be 
ing parallel to the end walls, a longitudinal partition 
extending from the first baffle to a point adjacent the 
first end wall, a second transverse baffle extending from 
the end of the partition which is adjacent the first end 
wall partially across the space between the partition and 
the said opposite portion of the shell, a first tube bundle 
comprising a plurality of tubes having ends received 
in apertures in said end walls and extending longitudinal 
ly within the said space, the first baffle extending past 
the partition into the said space and across the first tube 
bundle, a third transverse baffle extending from said op 
posite portion of the shell partially across the said space 
to define with the other baffles a tortuous path in said 
Space, a second tube bundle comprising a plurality of 
tubes having ends received in apertures in the second 
end wall and the first baffle, said second tube bundle 
extending parallel to and spaced from the first tube bun 
dle, an air inlet aperture in the shell between the first 
baffle and said second end wall adjacent the second tube 
bundle, an air outlet communicating with the ends of 
the tubes of the second tube bundle at the second end 
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wall, a heating gas inlet communicating with one end of 
the first tube bundle, a heating gas outlet communicating 
with the other end of the first tube bundle, and a heat 
ing gas outlet communicating with the other end of the 
first tube bundle, whereby heating gases flow longitu 
dinally through the tubes of the first tube bundle in heat 
exchange relationship with air flowing serially over the 
tubes of the second and first tube bundles and thence 
through the tubes of the second tube bundle. 

3. A heat exchanger, comprising: a first end wall, a 
second end wall, and a longitudinal shell secured to said 
end walls to define an elongated casing, a first baffle 
within said casing extending transversely adjacent the 
second end wall from one portion of the shell to a point 
adjacent an opposite portion of the shell, said baffle be 
ing parallel to the end walls, a longitudinal partition ex 
tending from the first baffle to a point adjacent the first 
end wall, a series of transverse baffles extending partial 
ly across the space between the partition and the said op 
posite portion of the shell to define a tortuous path in 
said space, a first tube bundle comprising a plurality of 
tubes having ends received in apertures in said end walls 
and extending longitudinally within the said space, a 
second tube bundle comprising a plurality of tubes hav 
ing ends received in apertures in the second end wall 
and the first baffle, the second tube bundle extending 
parallel to and spaced from the first tube bundle, an air 
inlet aperture in the shell between the first baffle and 
said second end wall adjacent the second tube bundle, 
an air outlet communicating with the ends of the tubes 
of the second tube bundle at the second end wall, the 
ends of the second bundle of tubes at the end which is 
away from the Second end wall communicating with the 
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space between the casing and the longitudinal partition 
to receive heated air after it has passed over the first 
bundle, a heating gas inlet communicating with one end 
of the first tube bundle and a heating gas outlet corn 
municating with the other end of the first tube bundle, 
whereby heating gases may flow longitudinally through 
the tubes of the first tube bundle in heat exchange re 
lationship with air flowing serially over the tubes of the 
Second and first tube bundles and thence through the 
tubes of the second tube bundle, 
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