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PATENT OFFICE 
THOMAs G. CoGHILAN, oF. ELIZABETH, AND EINAR A. JOHNSEN, OF MoUINTAIN LAKES, 

NEW JERSEY; SIGRID A. JoHNSEN EXECUTRIX OF SAID EINAR A. JOHNSEN, OECEASED 
FURINACE 

Application filed July 21, 
Our present invention relates to furnaces, 

particularly furnaces for use with solid fuel 
and in connection with a steam boiler, and 
methods for operating such furnaces, and 
will be best understood from the following. 
description and the annexed drawings of an 
illustrative embodiment of our invention and 
of an apparatus by which our method may be 
carried out. 
In the drawings, Fig. 1 is a vertical longitu 

dinal section of the illustrative embodiment; 
Fig. 2 is a modification of a part of Fig. 1; 
Fig. 3 is a side view, more or less diagram 
matic, of the boiler and furnace of Fig. 1, on 
a smaller scale, showing the exterior com 
bustion air supply system; Fig. 4 is a plan 
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view, partly insection, on the line 4-4 of 
Fig. 1; Fig. 5 isan enlarged view of a por 
tion of Fig. 1: Fig. 6 is a front view of one. 
of the details of Fig. 5: Fig. 7 is an enlarge- . 
ment of a portion of Fig. 1, and Fig. 8 is a 
section on the line 8-8 of Fig. 7. 
Like reference characters indicate like 

parts throughout the drawings. 
In the illustrative embodiment, the steam 

boiler which we have chosen for purposes of 
illustration, is provided with water tubes 10, 
uptake headers 11, downtake headers 12 and 
a steam and water drum 13, all connected 
in the usual manner. Bafiles 14 and 15. direct 
the gases entering at the bottom of the first 
pass adjacent the uptake headers, back and 
forth across the water tubes to the gas exit 16. 
As shown best in Fig. 1, the furnace is 

formed so as to have upper and lower com 
bustion chambers connected by a restricted 
passage. In the lower part of the furnace 
is means to burn fuel, exemplified by a chain 
grate stoker 17 which receives its fuel from 
the hopper 18 and carries it to the right of 
Fig.1, the ashes being deposited in the usual 
ash hopper through the opening 19. 
At the front of the stoker 17 are a pair of 

curved arches 20 and 21, the latter projecting 
over the forward part of the grate to form 
a combustion arch therefor. Similarly, at 
the rear of the chain grate stoker 17 is an 
arch 22 and an arch 23, the latter also forming 
a combustion arch or roof extending well for 
wardly over the rear end of the stoker, the 
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arches 21 and 23 together forming the roof 
of the combustion chamber. The inner ends 
of the arches 21 and 23 are curved so as to 
provide a narrow passage or throat 24 into 
which the gases from the lower chamber are 
directed by the arches 21 and 23. 
The passage 24 merges into an upper com 

bustion chamber 25 which preferably is pro 
vided with walls diverging upwardly and 
outwardly from the passage 24, the chamber 
25 preferably having an upper boundary 
formed in part by the flat roof 26 and in part 
by the lowermost tubes of the boiler, these 
tubes being disposed over the passage 27 of 
the chamber 25 and thus being exposed to the 
hot gases in that part of the chamber 25. 
From the passage 27 of the chamber 25, the 
hot gases flow upwardly into the first pass of 
the boiler. 
As illustrated in the drawings, the length 

of the passage 24 at its most restricted point 
is preferably not more than seventeen percent 
of the effective length of the stoker in the 
furnace, i.e., the length of the stoker area through which air is passed. 
At each side of the widened part of the 

narrow passage 24 are auxiliary combustion 
air inlets arranged to direct the air crosswise 
of the passage. The illustrative arrangement 
of these inlets is best shown in Figs. 5 and 6. 
A series of tuyères or nozzles 28 extend across 
the furnace side by side, the rear end of each 
of the nozzles communicating with an air 
duct 29 or 30, as the case may be, formed, in 
the illustrative arrangement, of a pair of 
I-beams 31 covered by plates 32, the rear ends 
of the nozzles 28 extending through the 
I-beams to communicate with the air duct. 
The beams 31 not only form the air ducts, 
but also support the walls of the combustion 
chamber 25. Preferably the nozzles are 
formed as shown best in Fig. 5, with a long and narrow mouth 33. 
The combustion air supply for the furnace 

is best shown in Fig. 3, in which an air heater 
34 of any of the well-known types heats the 
combustion, air entering the air heater 
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through the duct 35 and then flows through 
the duct 36 to and through the fan 37 and 
a feed water heater or economizer 45 into a 100 



0. 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

2 

duct 38 which communicates with spaces 
along the stoker 17 and between the runs 
thereof to supply the usual combustion air 
flowing through the fuel on the grate. From 
the fan 37 leads also a duct 39 which com 
municates with the ends of each of the ducts 
29 and 30 from which the air flows through 
the nozzles 29 into the narrow passage 24. 
Dampers in the several ducts are provided so 
that the amount of air delivered to any part 
of the furnace can be controlled. 
With the arrangement described, the fur 

nace is preferably operated as follows: 
Air is supplied through the duct 38 at 

pressures insufficient to lift the heavier par 
ticles of the fuel from the bed, but in sufficient 
quantities to burn the solid fuel on the grate. 
The amount supplied, however, is insufficient 
to complete the combustion of the gases ris 
ing from the grate. Such incompletely 
burned gases, together with the finer par 
ticles of fuel, are directed by the arches 21 
and 23 to the narrow passage 24, from which 
they pass through the narrow passage 24 into 
the combustion chamber 25, mingling with 
additional combustion air from the nozzles 
28, this auxiliary or additional combustion 
air being supplied in sufficient quantity to 
complete the combustion of the gases and 
fine particles of fuel. By bringing all of 
these gases and fine particles into a compara 
tively narrow space, the additional air is 
thoroughly mixed therewith, so that as these 
gases expand into the upper combustion 
chamber 25, the gases and fine particles are 
substantially completely burned before pass 
ing into the gas outlet 27. It will be noted 
that, by our arrangement, any possible 
stratification of the gases and air rising from 
the grate, which stratification occurs in fur 
naces as heretofore made, is entirely avoided 
by directing all of the gases and air passing 
through the grate into the narrow throat. 
By forming the upper combustion chamber 
25 as shown, the gases therein are given a 
turbulence which completes the mixing of 
the air and gases, which mixing is aided by 
the provision of the gas outlet at one side of 
the upper combustion chamber. 
We have found from experience with this 

type of furnace and with the method of 
operation as described above, that the amount 
of air supplied can be regulated close to the 
theoretical amount of air required for the 
complete combustion of the fuel, without any 
appreciable amount of excess air. In practi 
cally all cases, the quantity of air supplied 
through the grate is larger than that supplied 
through the nozzles 28. Preferably we ar 
range the dampers in the ducts 38 leading 
to the spaces beneath the fuel bed so that 
little or no air passes through the fuel at the 
front and middle portions of the grate and 
so that a somewhat larger quantity of air 
flows through the rear end of the grate, the. 

1,898,479 
quantities of air that do pass through the 
grate being such as to be used up largely in 
the burning of the solid fuel on the grate. 
Consequently, the gases which enter the nar 
row throat 24 are partly unburned combusti 
ble gases. 
In the narrow throat 24, the unburned gases 

and the auxiliary combustion air are brought 
together in a small space and the subsequent 
expansion into the upper combustion chamber 
intimately mixes the two and the combustion 
is thereby substantially completed. The 
passing of the gases through the narrow pas 
sage 24 between the larger spaces below and 
above the passage acts like a Venturi tube, so 
that there is substantially no increase of draft 
resistance, the pressure, at least under Some 
conditions, being lower in the passage 24than 
it is in the upper and the lower combustion 
chambers. 
By arranging the roof arch 23 in the man 

ner shown, we have found that a large part 
of the relatively fine particles of burning fuel 
that may be carried up from the rear end of 
the fuel bed by the combustion air supplied 
beneath it, is thrown forwardly and down on 
the incoming fuel, thereby aiding the igniting 
of the fresh fuel, instead of being carried up 
into the upper combustion chamber, the slope 
of this arch being arranged to produce this 
effect. 
We preferably operate the furnace so that 

the pressure at the narrow passage 24 is nega 
tive and thereby avoid too high a heat at this 
point, which would tend to destroy the arches 
21 and 23. 
The air ducts 29 and 30 cool the walls sur rounding the narrow passage through which 

the burning gases pass and also serve to Sup 
port the arches 21 and 23. These arches 
preferably are suspended in a well-known 
manner on metallic members on which the 
tile are suspended, these metallic members, in 
turn, being supported on hangers connected 
to the ironwork of the ducts 29 and 30. We 
have found that the cooling effect of the ducts 
29 and 30 is such that arches can be main 
tained over the fuel bed which would other 
wise be impossible, and the heat carried away 
from the walls of the air ducts 29 and 30 
by the air is recovered and returned to the 
furnace. 
As is well known, it is advantageous to 

supply the combustion air in a heated condi 
tion, but particularly where this heated air 
is supplied through a grate, it is necessary, in 
order not to destroy the grate, to keep the 
temperature of the heated combustion air be 
low certain limits. On the other hand, in 
order to complete the combustion of gases, as, 
for instance, in the upper part of the fur 
nace 25, it is desirable to have the combustion 
air heated to as high a degree as possible. 
In the arrangement which we have illus 
trated, the temperature of the air supplied 
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beneath the grate 17 is lower than the tem 
perature of the air supplied through the noz 
Zles 28, because this additional air supplied 
through the nozzles 28 receives additional 
heat as it flows through the ducts 31. 

Preferably, we heat the air directly from 
the fue gases as they emerge from the boiler 
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and this produces a temperature too high to be 
used directly under the grate. In such cases, 
the temperature of this part of the air may 
be reduced by abstracting some of the heat 
from this portion of the combustion air by 
passing this heated air over the feed water 
heater or an economizer 45, the feed water be 
ing delivered to the drum 13 through the pipe 
46. With this arrangement, the air from the 
heater 34 may be heated to any desired de 
gree, and it will be delivered at substantially 
this high temperature to the nozzles 28. But 
the portion of this heated air which is de 
liveredbeneath the grate will be at a con 
siderably lower temperature by reason of the 
abstraction of some of its heat by the econo 
mizer or feed water heater. It will be under 
stood that the temperature of the air supplied 
beneath the grate may be reduced to any de 
sired extent by regulating the flow of the wa 
ter past the heating surface of the water heat 
er or economizer 45 and thereby varying the 
amount of heat abstracted from the air, such 
regulation being effected, in the form illus 
trated, by by-passing more or less of the feed 
water through the pipe 47. 
In the illustrated arrangement, a dust hop 

per 40 is arranged below the second pass of 
the boiler to receive the dust carried through 
the boiler by the draft, such particles, of 
course, being thrown out as the gases turn be 
low the baffle 15. This dust may contain a 
considerable amount of unburned fuel, and 
it is desirable to return such unburned fuel to 
the fuel bed, and this we accomplish, in the 
illustrative embodiment, by a duct 41 extend 
ing from the dust hopper 40 through the arch 
23 above the rear of the stoker 17. Because 
of the difference in pressure in the dust hop 
per 40 and above the grate, it is desirable that 
communication between the two shall be cut 
of except when the dust has accumulated in 
sufficient quantity to be permitted to fall to 
the fuel bed and as a means of accomplishing 
this, we provide in the duct 41 a valve 42 
normally held closed by the weights 43 but 
which will open as the dust accumulates 
thereon to permit the dust to fall onto the 
fuel bed. 
Instead of the arrangement of the weighted 

flap valve just described, the arrangement 
60 

65 

shown in Fig.2 may be used, in which the 
vertical portion 41 of the duct 41 is pro 
vided with an aspirating tube 44 which may 
conveniently be supplied with air from the 
combustion air ducts. This aspirator will 
draw the fine particles from the duct 41 and 
force them to the fuel bed. 

3 
It will be understood that fine particles ac 

cumulating in any part of the system, such, 
for instance, as any of the overhead flues lead 
ing from the boiler or in air heaters or the 
like, if such air heaters are used, may simi 
larly be conveyed back to the fuel bed. 
The arrangement illustrated by which the 

combustion air is heated directly by the boil 
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er waste gases without reducing the tempera 
ture of the gases by an economizer or the like, 
and then transferring some of the heat to the 
boiler feed water before supplying the air to 
the fuel is advantageous irrespective of the 

75 

particular way in which the air is used. In 
such an arrangement, the heating surfaces of 
the economizers are contacted only with clean 
and relatively dry air instead of with the 
dust-laden products of combustion, so that 
the tubes or the like usually found in econo 
mizers are kept free from dust and possible 
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corrosion from the mixture of the sulphurous 
gases and the like with moisture on the tubes. 

It will be understood that the arrangements 
which we have shown are merely illustrative 
and that the embodiment of our invention . 90 
may be widely varied. It will also be under 
stood that certain features of our invention 
may be used with or without other features, as 
desired. 
We claim: 
1. A furnace comprising a lower combus 

tion chamber and an upper combustion and 
expansion chamber, said chambers being con 
nected by a restricted throat, the upper cham 
ber flaring upwardly from the throat, a boiler 
having heat absorbing surfaces disposed in 
a chamber communicating with said upper 
chamber, air ducts on opposite sides of said 
throat, nozzles communicating with said 
ducts and adapted to discharge air therefrom 
into the furnace adjacent said throat, a pro 
gressive feed grate in the bottom of said low 
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er chamber, means to supply fuel to, Said grate, and means to supply air to said ducts, burning fuel from said grate passing through 
said lower combustion chamber and through 
said throat into and then through said upper 
combustion and expansion chamber into con 
tact with said heat absorbing surfaces of the 
boiler, and said upper combustion and ex 
pansion chamber being designed to insure ap 
proximate completion of combustion of said 
burning fuel as it passes therethrough. 

2. A furnace comprising a lower combus 
tion chamber and an upper combustion and 
expansion chamber, said chambers being con 
nected by a restricted throat, and each cham 
ber being of substantially greater cross-sec 
tional area than said throat transverse to the 
direction of flow of gases through said cham 
bers, a boiler having heat absorbing surfaces 
disposed in a chamber communicating with 
said upper "chamber, air ducts on opposite 
sides of said throat, nozzles communicating 
with said ducts and adapted to discharge air 
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4. 

therefrom into the furnace adjacent said 
throat, a progressive feed grate in the bottom 
of said lower chamber, means to supply fuel 
to said grate, and means to supply air to said 
ducts, burning fuel from said grate passing 
through said lower combustion chamber and 
through said throat into and then through 
said upper combustion and expansion cham 
ber into contact with said heat absorbing sur 
faces of the boiler, and said upper combus 
tion and expansion chamber being designed 
to insure approximate completion of combus 
tion of said burning fuel as it passes there 
through. 

3. A furnace comprising a lower combus 
tion chamber and an upper combustion and 
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expansion chamber, said chambers being con 
nected by a restricted throat, the walls of both 
chambers flaring outwardly from the throat 
transverse to the direction of flow of gases 
through said chambers, a boiler having heat 
absorbing surfaces disposed in a chamber 
communicating with said upper chamber, air 
ducts on opposite sides of said throat, noz 
zles communicating with said ducts and 
adapted to discharge air therefrom into the 
furnace adjacent said throat, a progressive 
feed grate in the bottom of said lower cham 
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ber, means to supply fuel to said grate, and 
means to supply air to said ducts, burning 
fuel from Said grate passing through said 
lower combustion chamber and through said 
throat into and then through said upper com 
bustion and expansion chamber into contact 
With said heat absorbing surfaces of the boil 
er, and said upper combustion and expansion 
chamber being designed to insure approxi 
mate completion of combustion of saidburn 
ing fuel as it passes therethrough. 

4. A furnace comprising a lower combus 
tion chamber and an upper combustion and 
expansion chamber, said chambers being con 
nected by a restricted throat, the walls of 
both chambers flaring outwardly from the 
throat transversely to the direction of flow 
of gases through said chambers, the throat 
being disposed nearer the front of the fur 
nace, than the rear, a boiler having heat ab 
Sorbing surfaces disposed in a chamber com 
municating with said upper chamber, air 
ducts on opposite sides of said throat, noz. zles Communicating with said ducts and 
adapted to discharge air therefrom into the 
furnace adjacent said throat, a progressive 
feed grate in the bottom of said lower cham 
ber, means to supply fuel to said grate, and 
means to supply air to said ducts, burning fuel from, said grate passing through said 
lower combustion chamber and through said 
throat into and then through said upper 
combustion and expansion chamber into con 
tact with said heat absorbing surfaces of the 
boiler, and said upper combustion and expan 
sion chamber being designed to insure ap 
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roximate completion of combustion of said 
R# fuel as it passes therethrough. 

5. A furnace comprising a lower combus 
tion chamber and an upper combustion and 
expansion chamber, said chambers being con 
nected by a restricted throat, and each cham 
ber being of substantially greater cross-sec 
tional area than said throat transverse to the 
direction of flow of gases through said cham 
bers, boiler tubes so located as to be exposed 
to the expanded hot gases in said upper cham 
ber, air nozzles adapted to discharge air into 
the furnace adjacent said throat, a progres 
sive feed grate in the bottom of said lower 
chamber, means to supply fuel to said grate, 
and means to supply air to said nozzles, burn 
ing fuel from said grate passing through said 
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lower combustion chamber and through said 
throat into and then through said upper com 
bustion and expansion chamber into contact 
with said boiler tubes, and said upper com 
bustion and expansion chamber being de 
signed to insure approximate completion of 
combustion of said burning fuel as it passes 
therethrough. 

6. A furnace comprising a lower combus 
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tion chamber and an upper combustion and . 
expansion chamber, said chambers being con 
nected by a restricted throat and each cham 
ber being of substantially greater cross-sec 
tional area than said throat transverse to 
the direction of flow of gases through said 
chambers, a progressive feed stoker in the 
bottom of said lower chamber and adapted 
to move fuel from the front toward the rear 
thereof, a relatively short arch extending 
from said throat to the front wall of the 
lower chamber, a relatively long arch extend 
ing from said throat to the rear wall of the 
lower chamber, boiler tubes so located as to 
be exposed to the expanded hot gases dis 
charged from said upper chamber, and means 
to introduce air into the furnace adjacent 
Said throat, burning fuel from said grate 
passing through said lower combustion cham 
ber and through said throat into and then 
through said upper combustion and expan 
sion chamber into contact with said boiler 
tubes, and said upper combustion and expan 
sion chamber being designed to insure ap 
proximate completion of combustion of said 
burning fuel as it passes therethrough. 

7. A furnace comprising a lower combus 
tion chamber and an upper combustion and 
expansion chamber connected by a restricted 
throat, said upper chamber being disposed 
vertically above said lower chamber and hav 
ing a greater height than said lower chamber 
and of greater cross sectional area than said 
throat transverse to the direction of ?low of 
gases through said upper chamber, boiler 
tubes so located as to be contacted by the ex 
panded hot gases in said upper chamber, air 
nozzles adapted to discharge air into the fur 
nace adjacent said throat, a progressive feed 
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grate in the bottom of said lower chamber, 
means to supply fuel to said grate, and means 
to supply air to said nozzles, burning fuel 
from said grate passing through said lower 
combustion chamber and through said throat 
into and then through said upper combus 
tion and expansion chamber into contact with 
said boiler tubes, and said upper combustion 
and expansion chamber being designed to in 
sure approximate completion of combustion 
of saidburning fuel as it passes therethrough. 

8. A furnace comprising a lower combus 
tion chamber and an upper combustion and 
expansion chamber, said chambers being con 
nected by a longitudinally restricted throat 
portion and each chamber progressively in 
creasing in cross-sectional area from said 
throat portion in a direction transverse to the 
flow of gases through said throat portion and 
chambers, a progressive feedstoker extending 
longitudinally of said lower chamber and 
adapted to move fuel from the front toward 
the rear thereof, a relatively short refractory 
arch sloping downwardly and forwardly rela 
tive to said stoker from said throat portion 
to the front wall of said lower chamber, a relatively long refractory arch sloping down 
wardly and rearwardly relative to said stoker 
from said throat portion to the rear wall of 
the lower chamber, refractory walls gradual 
ly diverging upwardly from said throat por 
tion and defining said upper chamber, the 
angle of divergence of the walls defining said 
upper chamber being considerably less than 
the angle of convergence of the arches of said 
lower chamber, the length of said throat por 
tion at its most restricted point being not 
more than 17% of the effective length of said 
stoker in said furnace, said upper chamber being proportioned to insure approximate 
completion of combustion of the burning fuel 
gases passing thereto, and boiler tubes ar 
ranged to receive heat radiated from one of 
said walls of said upper chamber. 
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