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PATENT OFFICE. 
JOHN E. BOLLING, OF CHICAGO, AND ERNEST. SZEKELY, OF EVANSTON, ILLINOIs, 

ASSIGNORs or THREE-FOURTHS To DRYING SYSTEMS, NC. OF CHICAGO, ILLINors, 
A. CoRPORATION OF ILLINOIS, AND ONE-FOURTH TO ERNESTszEKELY. 

AIR HEATER. 
Application filed July 26, 

The main objects of this invention are to 
provide a more efficients fluid heater particu 
larly for heating large quantities of air to: 
high temperatures; to provide a simple, self. 

5 contained, economical light-weight welded 
- or lock-seamed sheet metal construction; to 

provide an air heater having true counter 
flow between the air and the combustion 
gases; to provide a more suitable arrange 

10 ment of flues for accelerating the heat inter 
change; to provide a heater having the com 
bustion tube and the flue tubes integrally, 
joined into a composite unit which is then, 
low movement for thermal. expansion and 
contraction; to provide an improved form 
of combustion tube adapted to withstand the 
high combustion temperatures; to provide 
means for evenly distributing the air to be 

20 heated around the eombustion tube in order. 
to prevent uneven circulation, and uneven 
heating of the tube, and for improving the 
fuel combustion; to provide a furnace in 
which all of the passages, and especially the 
flue gas passages, are accessible for cleaning; 
to provide a heateriunit, which is adaptable 
to be connected into batteries with a saving 
in the amount of air; duct, piping required 

g 5 

30 of space occupied. . . . . . . . 
In the prior devices substantially no at: 

tempt was made to obtain uniform, evenly 
distributedi air: circulation: throughout the 
furnace. This resulted in low efficiency, and : 

35 caused portions of the furnace to become over 
heated. The overheated spots disturbed the 
air circulation and caused the destruction of the furnace by melting down the adjoining: 
metal' walls. 

40 

in sheet metal. The combustion chamber 

envelope with freedom to move: under ex pansion. The combustion chamber is acyl 
indrieal sheet metal tube provided with lon 
gitudinal fins on the outside, and is enclosed 
by a larger tube which forms uniforni periph- ...: , 

. ir The space around the lower pair of ducts; 
is held substantially uniform. The air on 

so eral air spaces and serves to confine the air 
to circulate closely to the walls of the com 

freely supported in the heater casing to al. 

and also to reduce heat losses and the amount 

40. In this invention the outer shell ; Or envers 
lope is rectangular in form and is built up. 
of panels of heati resisting material encased 
and flue gas structures are suspended in the 

1926, serial No. 124,957. 
bustion tube. The gas passage ducts are: 
joined to the rear end of the combustion tubes 
eliminating the customary flue sheets.: The 
gasflues comprise a pair of parallel flatiducts 5. 
which extend forwardly over the top of: the 
combustion tube, and then upwardly, and 
back to the rear end of the outer envelope, 
where they are connected into ducts leading: 
to the stack. ' ". . . . . . 6 

Transverse baffle sheets are provided under 
the lower pair of ducts and between the upper. 
and lower pairs. The baffles direct the air, 
which enters at the upper rear ends of the 
furnace, forwardly, around and between the 65 
upper pair of ducts, then down and rear 
wardly in contact with the lower pair of sis 
ducts, and again down and then forwardly, 
through the baffled space around the combus 
tion tube. The gasducts are rectangular in it 
cross section, considerably greater in width 
than in thickness, and the space around the 
ducts is uniform and quite narrow, so that 
the air is also, confined close to the surface 
of the ducts. . . . . . 
The discharge ends of the gas: ducts are: 

reduced in width because the flue. gases are: 
cooled and reduced in volume by the enter. 
ing air. Also vertical baffle plates are pro-. 
vided at the sides of the-reduced ends, which so 
extend parallel to the converging sides of the 
upper ducts, and then flare outwardly to form; 
a Venturi constriction for reducing the resist. 
ance to the incoming air. The flaring ends: 
also provide a small expansion, chamber: for 85 
the entering airin, which the velocity is: re 
duced and the pressure equalized to evenly, ... 
distribute the air in entering the passages: 
around the gas-duets. . . 
The cross sectional area is increased as the po 

air is heated in flowing along the upper pair 
cooler portions of the ducts in proportion to 
the slower rate of heat interchange. At the 
forward end of the upper ducts the air flows 95. 
down and back along; the surfaces of the: 

: lower pair, and then down into a second en 
larged chamber at the rear of the combus-- 
tion tube which causes:the air to be distributi: 
ed evenly around the combustion. tubes; lot 

of ducts to lessen the velocity along these 

  

  



it 

t 

20 

30 

35 

40 

50 

5 5 

60 

85 

2 

tinues to expand and consequently increases 
in velocity in approximate proportion to the 
increase in the rate of heat interchanged 
along the hotter portions of the lower ducts. 
This arrangement accordingly increases the 
cooling of the lower ducts and maintains 
the upper and lower reaches more nearly at 
the same temperature and prevents over 
heating in the lower portions, which are ad 
jacent to the extremely high temperatures 
in the combustion tube. 
The cross sectional area around the coln 

bustion tube is not greatly increased and con 
sequently the expansion from the combus 
tion temperatures causes the air to flow at 
very high velocities. This prevents the coln 
bustion tube from being melted. 
The baffle ?ins in the space between the com 

bustion tube and the enclosing tube prevent 
the air from the lower side from rising to the 
upper side: and maintains a more equal dis 
tribution. Since the air is confined to longi 
tudinal passages along the tube, the higher 
temperature at the upper side causes greate: 
velocities and results in an increase in the 
amount of cooling. Consequently the tem 
peratures of the upper and lower portions of 
the tube are nearly equalized. 
By more correctly proportioning the dif 

ferent parts of the furnace, as described, the 
efficiency of the heater unit is greatly in 
creased. The maximum air flow and high 
estrates of combustion may be attained. The 
walls may be heated to the maximum safe 
temperature throughout and destructive 
temperatures prevented. 
The construction of the heater unit is such 

that the heated air may be conducted out 
through the top of the outer shell or out 
through either side. The froit end of the 
furnace is suitably apertured at the top and 
sides to receive fittings which may be closures 
or which may provide apertures for receiving 
the ends of the communit'ating ducts, as may 
be desired. This permits standardizing a 
single type of heater unit which is adaptable 
to be used interchangeably in nearly all 
classes of installations. 
The apertures at the sides are also adapted 

for receiving short rectangular tubes for con 
necting the units in batteries and drawing the 
heated air out through a single cluct at one 
end. This reduces the overhead space re 
quired and effects a large economy in the 
amount of necessary piping. 
In this invention, the combustion chamber, 

which is a sheet metal tube disposed in a hori 
zontal plane and the combustion gas flues are 
joined into an integral construction which is 
flexibly sustained in the heater casing with 
the combustion tube extending loosely 
through the casing and slidably fitted in the 
casing opening. The oil burner nozzle is 
mounted in the open end of the combustion 
tube, and the terminus of the flue tubes ex 
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tends slidably through the end wall of the 
casing, so that the structure folling the com 
bustion gas passages is continlolis. The en 
tire outer surface of the metal walls in contact 
with the burning gases is exposed to the cir 
culating air and is available for useful heat 
transnission. Leakage is avoided, vertical 
?lue sheets are eliminated, and cracking or 
breaking at the joints is avoided by allow 
ing freedom for the thermal volumetric 
changes in the netal. 

Also, the greater part of the heat inter 
change is caused to take place around the 
combustion tube, which is made of a chrome 
steel alloy which is especially capallic of with 
standing the high temperatures. The tube 
is built up of segmental marginally flanged 
strips welded together in a suitable manner. 
The combustion tube extends through a tube 
in the casing which bear's on the outer edges 
of the flanges. 
An illustrative embodiment of this inven 

tion is shown in the accompanying drawings, 
in which: 

Figure 1 is a perspective view of the heater 
with parts broken away and with the casing 
shown in broken lines. 

Fig. 2 is a vertical section on the longitu 
dinal axis of Fig. 1. 

Fig. 3 is a section taken on the line 
of Fig. 2. 

Fig. 4 is taken on the line 4-4 of Fig. 2. 
Fig. 5 is a front elevation of the heater 

with a portion broken away. 
Fig. 6 is a soction on the line 6-6 of Fig. 3. 
IFig. 7 is a fragmentary detail of one end of 

the combustion tube. 
Fig. S is a fragmental plain view of a lat 

tery of heaters. 
Fig. 9 is taken on line 9-9 of Fig. S. 
Fig. 10 is a perspective view of the front 

end of the heater casing. 
Figs. 11, 12, 13, 14 and 15 show different 

types of fittings for the front end of the cas 
ing shown in Fig. 10. 

Referring to the drawings, the shell or e 
velope 1 of the heater is preferably built up 
of insulating walls comprising a thickness of 
non-conducting material 2 encased between 
the sheet metal walls 3. In arrangement, the 
outer shell 1 comprises a long rectingular 
chamber 4, rounded at the bottom. and a nar 
rower rectangular chamber 5 in front of the 
chamber 4 and connecting there with through 
the circular opening 5". An air inlet port, 
6 is provided at the rear at the upper wall of 
the casing, and the air is drawn out, or forced 
out through an upper opening 7 in the cham 
ber 5, or through side openings S when the 
heaters are arranged side by side. A baffle 
plate or horizontal partition 9 extends from 
the dividing wall between the chambers 1 and 
5 above the opening 5, toward the rear of 
the casing, and the second baffle plate 1() is 
located above the baffle 9, and extends from 
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1,090,826 
the rear wall of the casing, forwardly. An 
air tube 11 is fixedly mounted in the casing 
and extends from the opening 5 rearwardly. 

5 : The structure for the file gases comprises 

between the baffle plates 9 and 10, and then 
". 

approximately in aecordance with the di 

a horizontally, dis di combustion or firing 
tubei 12, and the flue:ducts. 13 which form a 
continuation of the combustion tube 12, and 
are doubled back over the combustion tube. 

extend rearwardly above the upper baffle 10 
to the staek outlet 14, at the rear of the cas 
ing. The flue tubes 13 are of a flat rectangu 
lar construction arranged and connected to 
form double channels with spaces: between 
the tubes. At the rear-end, the upper fue. 
tubes are reduced in width so that the airican 
circulate between the two upper tubes, and 
so that the area of the flue passes is reduced 
minshing volume of the cooling gases. This 
reduction influe area affords a two-fold ad 
vantage. It insures: a uniformly high rate 
of transmission and renders it difficult to burn 
an excess quantity of fuel. . . . . 
The oil burner nozzle 15 is mounted in a 

casting 16 which is supported within the tube 
16' which is joined to the front end of: the 
combustion tube 12, as shown in Fig. 2. Oilis 
sprayed from the nozzle 15 directly into the 

3) tube 12 and the combustion takes place, along the length of 
tures. . . . 

he tube at very high tempera 
The air enters through the -- rt 6, passes 

forwardly above the upperbaffle 10, circulat 

40 
downwardly and forwardly around the pe 

ing around and between the upper flue tubes, 
downwardly between the forward end of the 
bafile 10, rearwardly through the space be-, 
tween the upper and lower baffle plates, then, 
riphery of the combustion tube 12 and then 
leaves the casing from the chamber 5. The 
outer tead or terminus 16 of the flue: tubes 

io 

extended surfaces. 

is slidably supported, and the weight of the 
bank of flues is flexibly suspended from the 
top wall of the casing 11 by means of suit 
able supports 17. The combustion tube is 
provided with outer longitudinal ribs or 
flanges 18 which form a plurality of narrow 
passages in the space between the tube 12 
and the enclosing tube 11. The baffles or 
flanges 18 thereby evenly distribute the flow 
of air around the heated tube 12 and prevent 
stratification or uneven circulation. 
The tube 12 is built up of channel shaped 

:5 strips 19 having the outwardly extending 
flanges 18. The abutting flanges are welded 
in a line along the length of the tube, pref 
erably near the bottom of the flanges. Since 
the flanges or ribs are integral with the wall 
of the tube 12, the heat transmission is much 
greater than is obtainable with non-integral 
The sides of the upper pair of gas ducts 

13 are tapered inwardly as shown in Fig. 3 
(.5 and vertical baffle walls 31 are provided at 

3. 

the sides of the upper: ducts, between ; the 
upper:horizontal: plate 10 and the top of 
the shell.1. The walls, 31 extend parallel to 
the sides of: the ducts and then flare out 
wardly at the rear-end to form the Venturi 
restrietion: 32 and the expansion chamber 33. 

... In this construction all parts of the heater 
are readily accessible for inspection and 
cleaning. The stack may be disconnected at 
14 to afford access to the upper layer of flues. 5. 
The lower flues are accessible through a port 
in the rear end of the furnace, which is nor 
mally closed by the cover 21; and the cham 
ber 5 may be reached by removing the side 
closures. . . . . . . . . 
When the heaters are installed side by side 

in a battery formation, it is especially desir 

80 

able to be able to remove any one of the units 
without disturbing the remaining units. Ac 
cordingly, recesses 22 are formed in the side 
of the front end of the outer shell 1. The 
recesses are open at the front and at: the 
ER: and the short rectangular connecting 
tubes - - 

in place. The tubes 23 are then secured by 

85. 

23 may be inserted after; the units are 
90 

means of the flat straps. 24, which engage 
with the front wall of the units at the lower 
end and extend over the front and across 
the top where the straps24 are secured by the 
boits 25. Preferably the straps are wider 
than the connecting tubes 23 and cover the 
joints between the tubes and the: adjoining 

95. 

units. When it is desired to remove a cer 
tain unit the straps are loosened and the con 
necting tubes-23 withdrawn. Then the unit 100 
may be removed forwardly without disturb 
ing the remaining units. 
When it is desired to entirely close the side, 

as at the right side of Figure 8, a plane 
insulating panel 25 is inserted in the recess 
22 and held in place by an angular strap 26. 
A side outlet is shown at the left side of 
Fig. 8. The tube 27 is inserted in a suitable 
orificed side panel 28, which is secured in the 
recess 22 of the end unit in the same nanner. 
that the closure: 25 is secured. The outlet. 
tube 27 may also be used in the top outlet 

105 

110 

aperture 7, or the aperture 7 may be closed 
by the cover 29. The cover member 29 is con 
structed with a flange 30, which is adapted llis 
to project under the edges of the closure strap . 
23 or 26, as the case may be. In this manner 
one standardized feature unit is provided 
which may be assembled in any suitable man- 120 

20 ner to suit the requirements of the particular 
installation. - 

In operation, the air is continuously circu 
lated through the casing around the flues in 
true counter-flow relation to the heated gases, 
and then out through the outlet chamber 5. 
In passing along the combustion tube the air 
is evenly distributed close to the tube, so 
that the greater part of the heat interchange 
takes place around the flaming gases. The 

125 

maximum temperature of the tube may be 130 ... . . 
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c) up 

4. 

maintained without burning the tube in spots. 
When the tube is raised to a red heat or a 
white heat, although the metal is not de 
stroyed, there is a tendency for sagging since 
the metal becomes weaker. By providing 
the longitudinal flanges, the walls of the tube 
are well supported and the useful life of the 
tube is lengthened. The flanges also mate 
rially increase the radiating surface, espe 
cially where the flanges are integral with the 
tube walls, as shown. 
While but one specific embodiment of this 

invention has been herein shown and de 
scribed, it is to be understood that numerous 
details of the construction shown may be al 
tered or omitted without departing from the 
spirit of this invention, as defined by the foll 
lowing claims. 
We claim: 
1. In an air heater, a combustion tule for 

burning fuel. said tube comprising a plurality 
of longitudinal segmental strips having nar 
ginal flanges projecting oftwardly, said 
strips joined at the edges. 

2. In an air heater, a casing, an air tube 
mounted in said casins, a combustion the 
having a plurality of longitudinal outward 
ly projecting ridges, said combustion tube 
being supported in the air tube by said ridges 
and unrestrained for longitudinal thermal 
expansion and contraction. 

3. In an air heater, a casing having an 
upper outlet. a combustion chamber in the 
lower part of the casing, flat flue tubes ex 
tending back over the top of the combustion 
chamber and then forwardly at the top of 
the casing to said outlet, said flue tubes form 
ing a continuous passage from the combus 
tion chamber to said outlet, said casing hav 
ing an air inlet near said outlet, and ba?iles 
across the chamber for directing the air. 

4. In a ?luid heater a combustion tube, hori 
zontally flat ?ite tubes arranged in reversely 
extending layers above the combustion tube 
and forming a continuous passage therefrom, 
means for oppositely directing the fluid along 
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the successive layers of the tubes and then 
along the combustion tube. 

5. In a fluid heater, a casing, a horizon 
tal combustion tube, ?lue tubes arranged in 
reversely extending laye's above the combus 
tion tube and forming a continuous combus 
tion gas passage there from, said combustion 
tube and flu e tubes being integrally connected. 
means for suspending the file tubes in the 
casing and a support for the combustion tube. 

6. In a fluid heater, an outer envelope of 
heat inslating material having ports and 
ba?iles for directing the fiuid to be heated 
through the heater, a sleet netal firing tube, 
and continuous sheet inctal cobustion gas 
ducts folded back and forth in layers allove 
the firing fulle and joined thereto to forman 
integral structure, said structure flexibly 
supported in the envelope for heating the 
fluid. 

7. In combination, a plirality of heater 
limits each having apertures in the adjacent 
sides, and having flanges around two adia 
cent sides of said aertures, the units being 
arranged so that the relatively adjacent 
flanges are in abutment, tubes removably in 
sorted in the recesses formed by the abutting 
flaires, and a strap attached to the heater 
units for covering the joints and holding the 
titles in place. said straps extending over the 
two edges of the tubes opposite to the flanges. 

8. In combination in an air heater a shell 
having an alperture, and having flanges 
around two adjacent sides of the aperture. : 
panel inserted in the recess formed by the 
flanges for closing the aperture, and an angri 
lar section strap extending over the two edges 
of the panel opposite the flanges and covering 
the joints between the panel and the shell. 
the strap being secured to the shell for hold 
ing said panel. 

Signed at Chicago this 24th day of June. 
1926. 

JOHN E. BOLLIN (i. 
ERNEST SZEKELY. 

6) 


