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UNITED STATES PATENT OFFICE 
2,479,940 

MULTIPLETUBE AIR HEATING FURNACE 

Max H. Kuhner, Worcester, Mass., assignor to 
Riley Stoker Corporation, Worcester, Mass, a 
corporation of Massachusetts 

Application September 28, 1944, Serial No. 556,256 
(C. 126-109) 5 Cairns. 

This invention relates to heating furnaces, and 
more particularly to furnaces for heating gases, 
Such as air, to relatively high temperatures for 
Use in drying or other industrial processes. 

it is one object of the inventnon to provide a 
gas heating furnace of relatively simple and in 
expensive construction which will be capable of 
Operating efficiently throughout a long life of 
useful Service. 

It is a further object of the invention to pro 
Wide a gaS heating furnace utilizing the heat of 
burning fuel and arranged to avoid any con 
tamination of the gas by the gaseous products 
of Cornbustion. 

It is a further object of the invention to pro 
Wide a gas heating furnace so arranged that the 
Various parts thereof will be adequately protected 
against Overheating. 
With these and other objects in view, as Will 

be apparent to those skilled in the art, the in 
vention resides in the combination of parts set 
forth in the specification and covered by the 
claims appended hereto. 

Referring to the drawings illustrating one em 
bodiment of the invention, and in which like 
reference nuInerals indicate like parts, 

Fig. i is a longitudinal Section through a gas 
heating furnace, taken on the line - of Fig. 2; 

Fig. 2 is a Section taken on the line 2-2 of 
Fig. ; 

Fig. 3 is a section taken on the line 3-3 of 
Fig. 1; 

Fig. 4 is a Section taken on the line 4-4 of 
Fig. 1; and 

Fig. 5 is an enlarged sectional view illustrating 
the application of refractory material to a tube 
Sheet. 
The embodiment illustrated comprises a fur 

nace conbustion chamber 0 having a front Wall 
f , a rear Wall 2, opposed side walls 4, a floor 
fi, and a roof 6, all constructed of suitable re 
fractory material. A burner 8 serves to dis 
charge fuel and air rearwardly through an open 
ing 3 in the front Wall , for combustion in 
the chamber it. Pulverized fuel is supplied to 
the burner 8 through a pipe 2 by means of a 
pulverizer 22 having an adjustable feeder 23. 
The floor 5 slopes downwardly toward the front; 
at a slight angle. Access to the combustion 
chamber may be had through doors 24 in the 
front Wall and doors 25 in the rear wall 2. 
These doors 24 and 25 are located immediately 
above the floor 5 and they can be used for the 
renova of ashes which accumulate on the floor. 
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arch of Well known construction having suitable 
supporting metal beams 27. The rear edge of 
this arch 6 terminates somewhat in front of 
the rear Wall 2 to provide a relatively narrow 
transverse slot 28 forming an upWardly directed 
outlet opening for the escape of the gaseous 
products of combustion from the chamber 10. 
Above the combustion chamber Othere is pro 

vided a horizontal longitudinally extending pas 
sage 3 through which the gas to be heated 
flows in a rearward direction. In the illustrated 
embodiment this gas is air, and it is Supplied 
under pressure to the front end of the passage 
by a suitable fan 3. through a connecting duct 
32. The paSSage 30 is formed of gas-tight metal 
Walls, the top and bottom Walls being parallel 
and the side Walls diverging gradually in the 
rearward direction to provide an increasing croSS 
Sectional area. Which Will accommodate the in 
creasing volume of the air as it is heated. The 
rate of air flow can be controlled by a manually 
adjustable louver damper 34 at the rear end of 
the passage. Preferably the fan 3 Supplies air 
not only to the passage 30 but also to the burner 
8 for combustion of the fuel. For this purpose 

the duct 32 is connected to the burner by means 
of a duct 35 provided with a damper 36. 

During its rearward flow through the passage 
30, the air is subjected to the heating effect of 
the gaseous products of combustion discharged 
through the outlet 28 of the furnace chamber 
lf. This heating is brought about by passing the 
hot gases through Vertical metal tubes mounted 
in the passage with their ends extending through 
the top and bottom walls thereof. As illustrated, 
there are three groups 38, 39 and 40 of these 
tubes providing three passes for the hot gases, 
The tube group 38 is located in the rear portion 
of the passage 30, the tube group 39 is located 
in front of the tubes 38, and the tube group 4 
is located in front of the tubes 39. The gases 
are conducted upWardly from the furnace out 
let 28 to the lower ends of the tubes 33 by a 
Vertical passage or conduit 4 of upwardly ex 
panding Cross-sectional area, constructed with 
walls 42 of refractory material. The upper ends 
of the tubes 38 are connected to the upper ends 
of the tubes 39 by a passage 43 formed by a casing 
44. The lower ends of the tubes 39 are con 
nected to the lower ends of the tubes 4 by a 
paSSage 46 formed by a hopper 4 in which ash 
particles may be deposited from the gases. The 
upper ends of the tubes 40 are connected to a 
duct 48 provided with a damper 49 and leading 

The roof f6 is in the form of a suspended flat 55 to a stack or induced draft fan (not shown), 
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Each group of tubes 38, 39 and 40 includes two 
separate banks which are Spaced apart longi 
tudinally of the passage 30, and the tubes in each 
bank are arranged in a staggered formation. 
There are fewer tubes in the group 39 than in 
the group 38, and still fewer tubes in the group 
40 than in the group 39. Thus the cross-sectional 
area available for the flow of the heating gases 
is reduced progressively to correspond With the 
shrinkage in the volume of these gases resulting 
from the cooling thereof. The tubes in the group 
38, which are subjected to the highest gaS tem 
perature, are preferably constructed of a suit 
able heat-iresisting metal or metal alloy. 
The top and bottom walls of the air passage 39 

serve as tube sheets and must be relatively thick 
to afford the requisite strength. It is therefore 
desirable to protect these sheets from contact 
with the high temperature gases. For this pur 
pose a layer 5 of a suitable refractory material 
may be applied to the Outer Surfaces of the sheetS. 
AS best showra in Fig. 5, the tubes may be ex 
tended beyond the sheets and flared outwardly. 
The refractory material 5 may be applied in 
plastic form, and during this application the 
tubes may be closed at their ends by tapered 
wooden plugs 52. In this way tapered openings 
are provided for the entrance and exit of the 
gases, thereby reducing the draft loss through 
the apparatus. Furthermore, the tapered ends 
of the tubes serve to anchor the refractory mate 
rial firmly to the tube sheets. The tube sheets 
Will ordinarily not require this refractory pro 
tection beyond the second gas paSS. 
The Suspended arch 6, its supporting struc 

ture 2, the walls 42, and the hopper 47 are pref 
erably cooled by a continuous circulation of air, 
Which Will greatly prolong their life. For this 
purpose these parts are enclosed by a casing 54 
which is Open to the atmosphere adjacent the 
front end of the arc 6 and behind the rear Wall 
A2. A horizontal baffle plate 55 is mounted with 
ii, the casing Somewhat above the beams 2 to 
direct the air in a desired manner. Two ducts 
56 connect the interior of the casing, above the 
baffle 55, with the inlets of the fan 3, so that 
the fan will draw air through the casing and 
bring about the desired cooling effect. 
The pulverized fuel discharged into the fur 

nace chamber 0 by the burner 8 is combined 
With air supplied through the duct 35, and this 
air is delivered in sufficient quantities in propor 
tion to the rate of fuel supply to prevent exces 
Sive combustion temperatures which would 
shorten the life of the furnace walls. However, 
too much air at the burner would render it dif 
ficult to maintain ignition of the fuel, and for 
this reason I preferably limit this air flow to 
avoid too great a drop in the flame temperature. 
Consequently, furnace gases are produced at a 
temperature which would be unsafe for the metal 
tubes 38, even though they are made of special 
heat-resisting alloy. 
In order to protect the tubes 38 from over 

heating, additional air is supplied to the upper 
portion of the combustion chamber 10 for mix 
ing with the hot gases as they travel upwardly 
through the outlet opening 28. For this purpose 
openings 60 are provided in the upper portion of 
the rear wall 2 beneath the outlet 28, and open 
ings 6 are provided in the upper portion of the 
front Wall beneath the arch 6. These air 
Openings are provided with suitable dampers 62. 
The pressure within the furnace is preferably 
maintained at a value somewhat below atmos 
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pheric pressure, so that air will be drawn in 
Wardly through the openings 60 and 6, and this 
furnace pressure is preferably held substantial 
ly constant by an automatic regulator 64 which 
is connected to the combustion chamber 10 by 
a pipe 65. Suitable wires 66 extend from the 
regulator 64 to a motor 68 which is connected 
to the damper 49 by a linkage 69. By this means 
the damper 49 is regulated to maintain the de 
Sired Subatmospheric pressure within the com 
bustion chamber, so that air will enter this cham 
ber under the control of the dampers 62. The air 
Which enters through the front openings 6 will 
flow rearwardly along the lower Surface of the 
arch 6 and thereby cool this arch and greatly 
prolong its life. 
The admission of the air through the open 

ings 66 and 6 f is preferably controlled in ac 
Cordance With the temperature of the mixed gases 
flowing upwardly through the passage 4 to the 
tubes 38. For this purpose a temperature-re 
Sponsive element in the form of a thermo-couple 

extends into the passage 4f, this element ac 
tuating a regulator or relay 72 which is connected 

; by Wires 3 to a motor 75, this motor being con 
nected to the dampers 62 by a linkage 76. Even 
a slight increase in the temperature of the gases 
in the passage 4f will be detected by the thermo 
couple , and the dampers 62 will be opened 
to admit more air as required to restore the de 
Sired temperature, 

he rate of fuel-firing is preferably controlled 
to maintain a desired predetermined temperature 
for the heated air discharged from the passage 

AS ShoWn, a temperature-responsive ele 
ment in the form of a thermo-couple 80 extends 
into the rear portion of the passage 30, this ele 
ment actuating a regulator or relay 8 which is 
connected by Wires 82 to a motor 84. This mo 
tor is connected to the pulverizer feeder 23 by a 
linkage 85 and to the damper 36 by a linkage 
86. Any change in the temperature of the air 
leaving the passage 30 will be detected by the 
thermo-couple 8, and the supply of fuel and air 
to the burner 8 will be adjusted immediately as 
required to restore the desired temperature. 
In the operation of the apparatus, combustion 

is maintained in the furnace ) by the introduc 
tion of air and pulverized fuel through the burn 
er 8, and as the gaseous products of combus 
tion travel upwardly through the outlet 28 they 
are mixed With air which enters the furnace 
through the openings 60 and 6. The mixed gases 
are reduced in velocity by the effect of the ex 
panding passage 4 and then they travel succes 
sively through the tubes 38, passage 43, tubes 
39, passage 46, tubes 40, and passage 48. The 
fan 3 causes air to enter the casing 54 at both 
the front and rear thereof, this air serving to 
cool the passage 42, the hopper 47, the arch 6, 
and the arch Supporting beams 27. From the 
casing 54 the air flows forwardly through the 
ducts 56 to the fan, and thence through the 
duct 32 to the passage 30 and into contact with 
the tubes 40, 39, and 38 successively, whereby 
the air is heated to a desired temperature. This 
temperature will be held substantially constant 
through the action of the thermo-couple 89 and 
relay 8 , which will control the rate of supply 
of fuel and air to the burner 18. The regulator 
64 will control the damper 49 to maintain a sub 
stantially constant predetermined sub-atmos 
pheric pressure in the combustion chamber 10, 
So that air may be drawn into this chamber 

The thermo 

  



2,479,940 
5 

couple 7 and relay 72 will control the dampers 
62 to regulate this air admission and maintain 
the mixture of gases in the passage 4 at a sub 
stantially constant temperature, thereby prevent 
ing overheating of the tubes 38. 
The apparatus is relatively simple and ineX 

pensive, and capable of efficient operation over 
long periods without repairs. Since the hot gases 
are separated from the air in the passage 30 by 
the walls of the metal tubes 38, 39 and 40, there 
will be no contamination of this air by the gases. 
The Sectional construction of the air passage 
makes it possible to withdraw and replace indi 
vidual sections in a lateral direction without dis 
turbing adjacent sections, thereby facilitating 
any repairs which may become necessary. 

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

1. A heating furnace comprising walls forming 
a chamber for the combustion of fuel and the 
production of hot gases, the chamber having an 
outlet opening for the escape of the hot gases 
therefrom, walls forming a passage for air to be 
heated, a fan to force air along the passage, the 
fan having an air inlet, metal tubes extending 
through the passage, a conduit connecting the 
outlet opening with the tubes, a casing enclosing 
the conduit in spaced relation thereto and pro 
vided with an opening to the atmosphere, and 
means connecting the interior of the casing with 
the inlet of the fan in Order that the fan may 
draw air through the casing in cooling relation 
to the conduit. 

2. A heating furnace comprising Walls form 
ing a chamber for the combustion of fuel and 
the production of hot gases, the chamber having 
a roof and an outlet opening for the escape of 
hot gases from the chamber, walls forming a 
passage for air to be heated, a fan connected to 
the passage to force air along the same, the fan 
having an air inlet, metal tubes extending 
through the passage, a conduit connecting the 
outlet opening With the tubes, an air supply duct 
connected to the air inlet of the fan, and walls 
located above the roof and cooperating there 
with to provide a passage connecting the atmos 
phere with the air supply duct, the roof forming 
One wall of the last-mentioned passage so that 
the air flowing therethrough on its way to the 
fan Will cool the upper Surface of the roof. 

3. A heating furnace comprising Walls forming 
a chamber for the combustion of fuel and the 
production of hot gases, the chamber having a 
substantially flat roof and an upwardly directed 
outlet opening for the escape of the hot gases, 
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walls forming a passage for gas to be heated, 
metal tubes extending through the passage, and 
a conduit connecting the outlet opening with the 
tubes, one wall of the chamber having an inlet 
opening therein through which air will enter the 
furnace, the inlet opening being located remote 
from the outlet opening and in the upper por 
tion of the chamber so that the air will flow 
along the lower Surface of the roof to the said 
outlet opening and enter the conduit with the 
hot gases. 

4. A heating furnace having upright walls and 
a substantially flat roof forming a chamber for 
the combustion of fuel and the production of hot 
gases, the roof having a narrow transverse slot 
therethrough adjacent the rear wall to provide 
an outlet for the hot gases, walls forming a 
paSSage for gas to be heated, metal tubes extend 
ing through the passage, and a conduit connect 
ing the slot with the tubes, the front wall of the 
chamber having openings in its upper portion 
through which air is admitted to flow rearwardly 
along the lower Surface of the roof to the slot 
and enter the conduit With the hot gases. 

5. A heating furnace comprising walls form 
ing a channber for the combustion of fuel and the 
production of hot gases and having an upwardly 
directed outlet opening for the escape of the hot 
gases, walls forming a Substantially horizontal 
passage above the chamber for gas to be heated, 
the passage Walls including upper and lower 
Walls of metal, upright metal tubes extending 
through the passage with their lower ends pro 
jecting below the said lower wall and flared out 
Wardly, refractory material covering the lower 
Surface of the lower wall and held in place by 
the flared ends of the tubes, and a conduit con 
necting the outlet opening with the lower ends 
of the tubes. 

MAX H. KUHNER. 
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