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My present invention relates to devices 
for transferring heat from hot gases to air 
and will be understood from the following 
description and the annexed drawings. in 
which Fig. 1 is a side elevation, partly in 
section, of a steam boiler with an air heater 
embodying lny present invention collected 
thereto, the section being taken on the lines 
1-1 of Figs, 2 and 3, respectively: Fig. 1 
is a section on the line 18--1a of Fig. 1 on 
a somewhat enlarged scale: Fig. 2 is a sec 
tion of the air heater shown in Fig. 1, taken 
on the line 2-2 of Fig. 1: Fig. 3 is an 
enlargement of portions of Fig. 2: Fig. 4 
is an enlarged section on the line 4-4 of 
Fig. 1: Fig. 5 is an enlarged detail of Fig. 
4: Fig. 6 and 7 are enlarged details of Fig. 
2: Fig. 8 is a view similar to Fig. 3, showing 
a modification: Fig. 9 is a view similar to 
Fig. 4, showing the modification of Fig. 8: 
Figs. 10 and 11 are enlarged details of Firs. 
8 and 9: Fig. 12 is a side elevation, partly in 
section of a steam boiler with an air heater 
illustrating a modification connected there 
to: Fig. 13 is a section on the line 13-13 
of Fig. 12; Fig. 14 is a real elevation, partly 
in section on the line 14-14 of Fig. 12 and 
having some of the parts broken away; Figs. 
15, 16 and 17 are plan, side elevation and end 
elevation, respectively, of a detail of the 
arrangement shown in Fig. 12: Fig. 18 is 
a perspective of the several ports forming 
the ai'i'angement, in Figs. 15. 16 and 17. and 
Fig. 19 is a perspective of the several parts 
at another point in Fig. 2: Fig. 20 is a 
perspective view of a part of Fig. on a 
large scale, showing a part of duck, 13 and 
the air ain: gas ducts in the lower part of 
duct. 14 showing the relation of the air and 

il. 

gas ducts and the connection of the latter to 
duct, 13: Fig. 21 is a view similar to Fig. 
20 of the drict 17 and the air and gas ducts 
in the dict 3. - 

Like reference character's indicate like 
parts in the several views. - - - 

in Fig. 1, I have illustrated a steam boiler 
i() of a well-known type, the hot gases from 
which pass through the gas outlet 11 and 
downwardly over an economizer 12 into a 
file 13. From this flue, the hot gases pass 
upwardly through a file 14 around the air 
heater, which is to be described more specifi 
cally hereinafter, passing at the top through 

a ci'oss flue 15 which is circular in cross 
section, in the illustrative form, and then 
downwardly through a vertical flue 16 to 
a gas outlet flue 17 which is connected, in 
the form illustrated, to a fan 18 by which the 
:ases are forced to the stack 19. 
A fan 20 forces air through a flue 21 into 

the air heater, the air flowing upwardly 
through the ducts of the air heater and then 
acroS9 through a horizontal connection 
which will be described more fully herein 
after into the second set of air ducts through 
which the air passes downwardiy to an air 
outlet file or duct, 22 from which it may be 
stipplied to the combustion chamber through 
the chain-erate stoker 23, which I have 
3 dopted for purposes of illustration. 

in the form illustrated, the air ducts are 
formed of metallic sheets placed side by 

J. side with their edge: bent toward each other 
and sealed, preferably by welding, to form S. 

a gas-tight ioint. This arrangement is il 
instrated on a large scale in Fig. 7, in which 
the plates 24 and 25 are brought together 
and the edges closed by a weld, as at 26. 
The connected edges 26, in the form illus 
trated, extend crosswise at the tops of the 
air ducts and are formed preferably in this 
Banner for a reason to be pointed out more 
specifically hereinafter. The vertical edges 
may be formed as shown best in Fig. 5, 
by bending the plate 24 at its edge over to: 
vy: r: the plate 25, leaving enough of the 
after to provide a means for fastening each 
dict, formed by a pair of plates 24 and 25, 
is the side Walls of the files 14 and 6. If 

'ed, however, the vertical edges may be 
ioined, as shown in Fig. 7, and the ducts 
located by inserting the edges 26 into slots 
or the like in the wails of the flue: 14, 16. 

in the illustrative form, there are two 
series or sets of these air ducts, one in each 
of the vertical fities 14, 16. and adjacent the 
tops of these ducts, the side Walls of each 
of the ducts are opened out and joined to the 
side walls of the corresponding duct in the 
other fitte, as shown best in Fig. 4, so as to 
form a passage between each air duct in the 
file 16 with the corresponding air duct in 
the fille 14. These extensions of the plates 
24 and 25 may be used to support the ducts 
in position by resting on a beam 27 extend 
ing across the heater. 
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The lowermost ends of these air ducts are 
left open, and each extending through the 
closed lower ends of the ?iues 14, 16, so that 
the aii’ passes from the fan 20 through the 
duct 21 directly into the air ducts and 
similarly passes out from the ends of these 
air ducts into the main outlet air duct 22, 
the air passages being marked 218 and the 
arrows; indicating the travel of the air being 
marked “A” in the several views. 
As has been described before, the hot gases 

pass into the vertical file 14 from the fue 
13, ?lowing between the air ducts in that ?lue 
and finding an entrance thereto which is com 
paratively unobstructed because of the form 
of the edges of the air duct. For instance, if 
the edges of these ducts are formed as shown 
in Fig. 7, it will be obvious by reference to 
Fig. (3 that the entrance and the exit spaces 
for the gases will be wide at the entrance and 
gradually become narrower. It Will also be 
noted that the gases enter the spaces be 
tween the air dicts at an angle to the path 
which the gases will follow after they begin 
to flow between the air ducts, and since these 
spaces between the air ducts ai.e., in effect, 
dicts for the gases, it will be noted that the 
gases enter their ducts at an angle to the 
path of the gases through the main portion 
of the ducts. Similarly, the gases pass 
Out of the flue 16 at an angle to the path 
which they have been following through that 
fue, and, in effect, pass out of a plurality of 
ducts into the main outlet gas duct at an 
angle to their course of travel through the 
gas ducts of the air heater. The gas pas 
Sages between the air ducts 21 are marked 
13 and the arrows indicating the travel of 
the gas are marked “G’ in the seve'al views. 

It will be understood that in practice, 
the plates 24 and 25 will be comparatively 
Jong and wide, and, at the same time, will 
be spaced relatively close together so as to 
form narrow ducts, and it is desirable that i 

these plates should be held in their parallel 
positions against deformation which may 
occur because of the temperature to which 
the plates are submitted. To this end, 
have provided spacing members 28 between 
the plates with a livet, 29 or the like passing 
through the plates and through these spacing 
members. The spacing members 28 are 
preferably arranged as shown in Fig. 1, SO 
as to lie in straight lines, whereby the soot 
and dist which will collect on the outer Walls 
of the plates 24 and 25 may be readily 
cleaned by passing a brush down through 
the gas ducts formed between the air ducts 
or by a dust blower, such as 30, located 
above the air ducts of the heater. 

in operation, in the arrangement shown, 
the air is forced by the fan 20 into the main 
air inlet 21 from whence it flows into the 
ends of a set of the air ducts, passing lip 
ward to the horizontal connection between 

the air ducts and thence downward through 
the second set of air ducts in the flue 14 to 
the main air outlet 22. At the same time, 
the hot gases enter the gas ducts in the flue 
14 formed between the air ducts and at the 
side of such gas ducts and pass upward and 
Out of these narrow gas ducts into the main 
connecting duct, 15 from which they again 
pass in a downward direction into the nar 
row gas ducts formed in the flue 16 to the 
main gas outlet 17 which is connected at the 
sides of the small gas ducts. 

Since it is desirable to reduce the resist 
ance to flow of the furnace gases as much as 
possible, I have arranged in my preferred 
form to have the entrance and exit from the 
narrow gas ducts of the ai)' heate]', so that 
the resistance to flow will be minimized, and 
the constructions shown in Figs. 5 and 7 
will have this result. Also, by having the 
gas and air enter their respective ducts in 
different directions, am enabled to pro 
vide separate ducts for each of them without 
dif{iculty or interference between the two, 
as would be the case if both the gas and air 
entered or left, the ail heatei' in the same or 
parallel directions. 

I also prefer to arrange the air ducts in 
the manner shown in Fig. 1, so that there 
will be a counterflow between the gas and 
the air. Consequently, the incoluing air 
which is relatively cool contacts first with 
the coolest gases and progressively contacts 
with hotter and hotter gases. Because, how 
ever, the temperature of the gas has been 
considerably reduced after passing through 
the air heater, the cold air from the duct 21. 
is liable to cause the deposition of moisture 
from the chilled gases on the exterior of the 
walls of the air ducts at their lower ends. 
This would soon lead to rusting and destrllc 
tion of the walls, particularly if the ducts 
were made of sheet iro), as would be desir 
able because of its relative cheapness. By 
arranging the air heater so that the gases 
pass downward as they leave the air heater, 
any moisture which collects will flow down 
ward and away from the walls of the air 
duct. Moreover, by arranging the air ducts 
in sections, as shown in Fig. 1. an enabled 
to remove the lower end of a section and l'e- 
place it in the eyent that the moisture de 
stroys such portion, this replacement of a 
portion avoiding the necessity of taking 
down the entire air heater. Such sepal'able 
section may be the singular portion 31. 
Furthermore, in order to provide more 
effectually against the necessity of renewal, 
I may make such removable portion of some 
bettei, though more expensive laterial as 
copper, or special non-corrosive steel, with 
out greatly increasing the cost, and at the 
same time, providing a rust-resisting nate 
rial at the place most liable to be affected by 
moisture from the gases. Moleover, by ar 
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ranging the flues 14 and 16 vertically, I 
economize in floor space and provide an ar 
rangement by which the soot has a tendency 
to fall away from the walls of the air ducts. 
The cross flue 15 is preferably made large 
enough to permit access through the door 
15° to the upper ends of the gas ducts for 
cleaning purposes. By providing a hopper 
32, the principal part of the dust which will 
be deposited on the first section of the air 
heater, can be readily removed as by a screw 
conveyer 33 without shutting down the 
heater. 

In Figs. 8 to 11, inclusive, I have shown an 
arrangement similar to that just described, 
except that the air ducts, instead of having 
their edges drawn together to form an easy 
entrance to the gases, are made up of flat 
plates held apart at their edges by channel 
shaped distance pieces 34, these channel 
pieces being omitted at the upper portions 
of the air ducts where the cross connection 
is formed. 

In the arrangement shown in Figs. 8 to 11, 
inclusive, it will be noted that the alternate 
gas and air ducts are formed between a 
series of parallel plates spaced apart in the 
respective flues and entrance to the gas ducts 
will be obtained by omitting the separating 
pieces 34 between alternate ducts at the 
point of entrance to the gas ducts of the air 
heater. The same arrangement will also be 
used at the gas exit. 
In the arrangement illustrated in Figs. 12 

to 19, inclusive, the ducts are formed of 
sheets riveted at their edges and in connec 
tion with the illustration of this modifica 
tion, I have shown the air heater applied to 
a boiler in a somewhat modified manner. 
In Fig. 12, the boiler 36 has an economizer 37 
and an under feed stoker 38 to which air 
may be supplied through the ducts 39. In 
a manner similar to that heretofore de 
scribed, the air is forced into the air heater 
through the air inlet duct 40 by a fan 41 
and after passing through the air heater, 
flows through the ducts 39 to the furnace. 
Similarly, the furnace gases are drawn 
through the boiler, economizer and air heater 
by a fan 42 and a stack 43. the gases flowing 
from the air heater through an outlet flue 44. 
The air heater is made up of a pair of 

vertical flues 45 and 46 having therein a 
series of ducts made up of sheet metal walls 
47 spaced apart and held at their edges in 
the manner heretofore described and prefer 
ably having spacing members 48 between 
their side walls. In this form of my inven 
tion, the edges of the sheets are not bent 
as hereinbefore described, but are formed as 
best shown in Fig. 19, which is a perspective 
view of the portion of the air and gas ducts 
at the upper part of the gas inlet shown in 
Fig. 12. At this point, a beam 49 extends 
across the air heater, and in the arrangement 

3. 

shown, a channel 50 is attached to the lower 
side of this beam to support, the ducts. In 
the form illustrated, each duct is made up 
of a flat sheet metal plate 51 and a similar 
plate 52 having its edges bent, as shown at 
53 and 54 to provide a spacing portion and 
a fastening portion, the portion 54 being 
riveted to the edges of the plate 51, as shown 
in the completed ducts at the left of Fig. 19. 
Member 55 may be provided between the 
several ducts to stiffen the edges of the plates 
at the entrance and exit openings of the 
ducts and also to provide an additional 
means of attaching the ducts to the support, 
Such as the channel 50. 

In the arrangement shown in Fig. 12, the 
construction of the ducts by which the hori 
ZOntal connection is made between the two 
sets of vertical air ducts is shown in Figs. 
15, 16, 17 and 18. A channel 56 supported 
in any suitable manner may form the upper 
part of this horizontal connection, and the 
upper edges of the plates 51 and 52 may be 
natched, as shown, to extend around the edge 
of the channel 56. Between alternate plates 
is placed the spacing member 57, having tip 
turned flanges 58, 58 to which the upper 
edges of the plates 50 and 51 may be riveted, 
this distance piece 57 also serving to close 
the upper ends of alternate ducts to divert 
the air or gases in such ducts into a hori 
Zontal path. In the space between the plates 
50 and 51, not provided with the distance 
pieces 57, the part of the plate which is 
cut out to form the notch, as 58, may be 
bent down and fastened to the channel 56 
to hold the ducts formed of the plates 5() 
and 51 in spaced relation. it will be under 
stood, as shown, that in this case the several 
plates or distance pieces are riveted together 
along their edges. 

if desired, the distance pieces 57 and tire 
membel's 55 at the gas and air inlets may be 
filled up with any suitable plastic material 
to form a shape somewhat like that shown 
in Figs, 13 and 17 at 60 and in Fig. 13 at 
60'. This provides a flared a 
a relatively easy entitance to the several gas 
pas ages formed between the air ducts or 
to the air ducts between the several gas pas 
sages. This filler material should preferably 
be of some cement-like substance which 
would set permanently and not disintegrate 
under heat. 

It will be unne essary to descrile the 
method of operation of the arrangement 
shown in Fig. 12 which is substantially the 
same as that heretofore described with the 
arrangement shown in Fig. 1. 
While I have shown the gas as entering 

the gas ducts at an angle and leaving the 
same at an angle, it will be obvious that the 
condition may be reversed, so that the air 
will enter and leave at such an angle, and 
indeed, if desired, my air heater may be ar 
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i’anged so that the ai: ol' gas may enter or 
leave at an angle to the main direction of 
flow, as desired. 
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parts (if the stilizei", 
y be used in {:};linecij}: with 
: wine'e it is desired to heat, 

it Yili also be line;"stood 
{i, tie device may be a '.' Inged 

cts and ::: dicts ai'e hori CS 3 ( : (CSS Ri'O i{}i- 
he'e Yili be a continuo 

are:ht 
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all and so 
'aight-liie through the aii' heatei' in 

- - - - - hi'ough pai'aliei sets of air 
1. 

ol' transferring heat frtia 
two sets of Vertically dis 

ange (lucts, each set compris 
ity of parlie ducts arrangei 
erate dicts of ex:ch set being a y 

connected at the upper' O'tions of £he dicts, 
a n:rish sil' iniei aid : ))::it: gas (1 tiet coin t -l. 

spectively to the love end politions 
: alternate ducts of one of said sets and a 

alail aii' an a main gas inlet con 
jected respectively to the lowei' ent politions 
of alternate due le' of said sets. 

y 

s 

of the othe 
2. in a device for transfei'iing heat 'on 

air, two sets of verically dis 
3 change ducts, each set conpi'is 

lirality of parallel ducts ai'i'anged 
e, aiteia: i.e ducts of each set being 

C{{{ the tipper portions of the citicts, 
8 in aii, ii' iniet and a slain gas; oilet cou 
nected respectively to he love' end DO'- nected 'espe ly to the love' ent poi 

{f alternate (ucts of {}ine of said sets : S () 

aid a nain air (title: aid & inain gas illiet 
connected "espectively to the lower end por 
tions of a testinate ducts of the other oil said 
sets. One of said main ducts for each set being 
connected to its heat-exchange (litics; at the 
sides thereoi, whereby the fille passing ille 
tween said in 3 in ducts and i: its heat-exchange 
ducts passes at all angle to the direction of 
fios', 
(licts. 

3. In a device for transferring heat from 

o, fittil through said heat-exchange 

it, gases to aii', two sets of vertically dis 
}}o:e ile:: hange dilets, each set compris 
ing a pl ty of parallel ducts arranged 
side by side, alternate ducts of each Set being 
collected at the tipper politions of the ducts, 
a n}ain aii' inlet and a nilin gas outlet coin 
rected l'espectively to the over end politions 
(); alternate (licts of one of Said sets and a 
main air outlet and a main gas inlet ('Oil 
nected respectively to the lower ein portions 
of alternate ducts of the other of said seis, 
said main ducts being connected to their 
heat-exchange ducts so that the gas and air 
iiovy in opposite directions thi'ough the heat 
exchange ducts and the gases flow down 
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hot, gases to air, a plu: 
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of said heat-exchange (licts. 
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lower ends of each of said f 
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side edges bent toward and connected to each 
other, a pair of vertical flues, each having 

-- e. Oil & O. Sa. 
each 

il sets of ducts therein, the ducts of 
Set eing held side by side and spaced 
to for in passages between them, the 

dicts of each set and the files being con 
nected respectively at the upper portions 
thereoi, main air inlet and Outlet ducts coin 
nected respectively at the lowe' end portions 
of each Set of said ducts &nd main gas inlet 
and outlet, ducts connected respectively at 
the lower ends of each of said flues, with the 
air iniet, and the gas outlet adjacent, where 
by the gas and the air flow in opposite direc 
tions through the heat-transfer device and 
the gas fiows downward toward the gas out 
let. 

9. In a device for transferring heat from 
hot gases to air, two sets of vertically dis 
posed heat-exchange ducts, formed of paral 
fel metallic lates spaced apart with their 
side edges bent toward and connected to each 
other, a pair of veitical flues, each having 
one of said sets of ducts therein, the ducts of 
each set being held side by side and spacell 
apart to form passages between them, the 
dicts of each set and the flues being con 
nected respectively at the upper portions 
thereof, main air inlet and outlet ducts coll 
nected espectively at the lower end portions 
of each set of said ducts and main gas inlet 
and oil tiet ducts connected "espectively at 
the lower ends of each of said flues, the main 
air ducts being connected to the sides of the 
heat-exchange ducts. 

10, in a device for transferring heat from 
hot gases to air, two sets of vertically dis 
posed heat-exchange ducts, formed of paral 
lel metallic plates spaced apart, the side 
edges of at east some of the plates being 
bent toward an adjacent plate and connected 
thereio, a pair of vertical flies, each having 
one of said sets of ducts therein, the ducts of 
each set being heid side by side and spaced 
apart to for in passages between them, each 
duct being closed at the top and having a 
connection, with a duct of the other set 
thi'ough its side at a point adjacent its top 
and the files having their tops connected by 
a connecting flue above the tops of the ducts. 

ii. 3) a device for transferring heat from 
hot gases to air, two sets of vertically dis 
posed heat-exchange ducts, formed of par 

allic plates spaced apart, the side 
edges of at least. Some of the plates being 
}}ent toward an adjacent plate and connected 
the 'eto, a pair of Vertical filles, each having 
one of said £ets of ducts therein, the ducts 
of each set being held side by side and spaced 
a part to for in passages between then, each 
duct, being closed at the top and having a 
connection with a duct of the other set 
through its side at a point adjacent its top 
and the flues having their tops connected 
by a connecting flue above the tops of the 

ducts, said connecting flue having doors and 
being of sufficient size to permit access to 
the spaces between the ducts, whereby the 
Outer walls thei'eof may be freed from soot. 

12. In a device for transferring heat 
from hot gases to air, a heat-exchange duct 
composed of relatively iong and wide par 
allel, metallic plates spaced apart with a rel 
atively shot distance hetween them and a 
plurality of spacing devices located within 
the boundaries of the plates and connected 
Oniy to said plates to prevent said plates 
moving apart, said devices having portions 
between the plates to prevent said plates 
moving together, whereby the plates are 
maintained in parallel relation, and means at 
the edges of the plates to maintain the duct 
in position. 

13. In a device for transferring heat from 
hot gases, a heat-exchange duct having two 
parts extending in a generally vertical di 
rection, each part being composed of a pair 
of relatively long and wide metallic plates 
spaced apart and the plates of the two parts 
being placed end to end to form a continuous 
duct, the lower of said parts being shorter 
than the upper, and means connected to the 
edges of the plates to maintain the parts in 
alinement. 

14. In a device for transferring heat from 
hot gases, a heat-exchange duct having two 
parts extending in a generally vertical di 
I'ection, each part being composed of a pair 
of relatively long and wide metallic plates 
spaced apart and the plates of the two parts 
being placed end to end to form a continuous 
duct, the lower of said parts being shorter 
than the upper and of a different metal, and 
means to maintain the parts in alinement. 

15. In a device for transferring heat from 
hot gases to aii', two sets of connected heat 
exchange ducts, one of which is substan 
tially vertical, flues in which said ducts are 
maintained in spaced relation, and the two 
Sets in alignment, and a gas outlet and an 
air inlet in the lower one of the sets, whereby 
the gas flows downward and the air flows 
upward in said sets of ducts. 

16. In a device for transferring heat from 
hot gases to air, two sections of connected 
heat-exchange ducts extending in a generally 
vertical direction, flutes in which said ducts 
ai'e maintained in spaced relation, and a gas 
outlet, and an air inlet in the lower one of 
said sections, whereby the gases and the air 
fioW in opposite directions through the de 
vice, the section containing the gas exit being 
located So that moistute collected the:eon 
will gravitate away from the other section. 

17. In a device for transferring heat from 
hot gases to air, a plurality of long and wide 
heat-exchange ducts, each formed of a pair 
of parallel metallic plates spaced apart, the 
side edges of at least one plate at each side 
of the duct being bent toward the other plate 
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and connected thereto, a flue in which said inlet being connected to one side of an end 
ducts are held side by side and Spaced apart portion of said flue and said ?lue having an 20 
to ion Dassages between them, main gas extension on the opposite side of the ducts 
inlet and outlet ducts connected respectively fron said gas inlet and unoccupied by said 

i to opposite end portions of said flue and air ducts, whereby a dust pocket is formed in 
main ai' inlet and Outlet ducts connected said flute to receive dust from the flue gases. 
respectively to opposite end portions of each 
of said heat-exchange ducts, said main gas DAW) S. A. COBUS. 


