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UNITED STATEs PATENT OFFICE. 
HENRY L. DOHERTY, OF NEW YORK, N. Y. 

STEAM-BOIEER. 

1,034,218. specification of Letters ratent. Patented July 30, 1912. 
Application filed January 20, 1911. serial No. 603,771. 

To all whom, it may concern. ?. 
Beit known that I, HENRY E. DoHERTY, 

a ?itizen of the United States, and a resi 
dent of New York city, in the county of 
New York and State of New York, have 
invented certain new and useful Emprove 
ments in Steam-Boilers, of which the fol 
lowing is a specification. . . . ' . 
This invention relates to steam boilers 

and, in particular, to a steam boiler fired 
with producer gas from a self-contained gas 
producer. va • 

The object of my invention is the furnish 
ing of a steam boiler of such construction, 
and having a method of operation such, that 
a very rapid rate of circulation of the water 
is secured, thus effecting the maximum rate 
of heat conductance froa the gaseous prod 
lucts of the combustion of the water, and 
the maximum possible utilization of the 
heat of the fuel secured. 

Briefly, my invention consists of a steam 
boiler comprising in combination, a gas pro 
ducer having a movable grate, a combustion 
chamber, a steam generating chamber di 
vided by vertical partitions into three com 
partments, a plurality of steam drums and 
coöperating mud drums, a plurality of tubes 
connecting each pair of coöperating drums, 
a water heater of novel construction and a 
recuperator for heating the air used in the 
combustion of the fuel, as well as various 
other features which will be fully set forth 
later. The arrangement is such that the 
gas formed in the gas producer of the ap 
paratus is burned in the open combustion 
chamber in such a way as to secure complete 
combustion with the minimum supply of 
air, the extremely hot products of this com 
bustion pass through the middle compart 
ment of the steam generating chamber in 
contact with the middle group of water 
tubes, thence divide and return through the 
two side compartments of the steam gener 
ating chamber, after which one stream 
passes to the water heater and the other 
stream to the air recuperator. By subject 
ing the water in the middle group of water 
tubes to the action of the extremely hot 
combustion gases, the tubes, themselves, be 
ing of comparatively small cross-section, I 
convert the bulk of the water in the tubes 
to steam, The tubes of the middle group 
are thus filled with a foamy mass of steam 

recuperator. 

and water. The generation of steam in the 
two side groups of tubes is much slower, 
owing to the fact that the combustion gases 
have been greatly reduced in temperature 
by the tinae they have reached the side com 
partmeats. The fluid filling of the tubes 
of the side groups is therefore much heavier 
than the column of fluid in the tubes of the 
middle group. There is, therefore, a con 
siderable hydrostatic pressure exerted by the 
fluid in the side tubes, through the connect 
ing mud drums, upon the fluid in the mid 
dle tubes. Theresults is that the velocity of 
flow of the fluid through the middle tubes 
is very high, and the rate of heat transmis 
sion high in consequeace. 

a the accompanying drawings, I have 
shown the preferred form of my invention, 
in which the same numerals are used to de 
note the corresponding parts in all the fig 

Figure it is a vertical longitudinal section 
of the apparatus along the line A A of Fig. 
2 and BB of Fig. 5. Fig. 2 is a vertical 
transverse section along the line C C of 
Fig. 1. Fig. 3 shows the feed-water heater 
in vertical section and Fig. 4 shows the 

Fig. 5 is a horizontal cross 
section of the steam generating chamber 
along the lines ) D of Fig. 1 and G G of 
Fig.2 showing clearly the chamber filled 
with the water tubes and the vertical par 
titions which cause the gases to flow in the 
directiola of the arrows. F; 6 is a dia 
grammaatic plan view of the apparatus. 
Fig. 7 is a part vertical section of the lower 
portion of the combustion chamber along 
the line A.A. of Fig. 2 but looking in the 
opposite direction from which Fig. 1 was 
taken, showing the connection for the pro 
ducer gas, from the producer to the com 
bustion chamber. Fig. 8 is a part hori 
zontal section of the combustion chamber 
along the lines E E of Fig. 2 and F F of 
Fig. 7 showing the relative positions of the 
tangential inlets for the combustion gas and 
secondary air. - A clear understanding of my invention. 
can now be had from the following descrip 
tion: . . . . -- Xx_ \n" 

Coal, 1, and clinkers, 2, are fed into a hop per, 3, which has a partition, 4, so as to keep 
the clinkers and coal from intermingling 
while in the hopper. V 
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5 and 6 are suitable covers for the clinker of comparatively small cross-section, join 
and coal compartments of the hopper 3. 
As the sprocket-wheel 7 is made to slowly. 

rotate in the direction of the arrow, by any 
suitable driving gear, it causes the upper 
part of the chain grate 8, to assume a mo 
tion toward the opposite end of the pro 
ducer, from that where the fuel is fed, the 
rate of such motion depending upon the 

10 rate of gasification of the fuel, 1, on the 
grate, 8, and being so regulated that by the 
time the fuel fed in at the front end of 

5 

20 

gasification. 8 . . " 

ducer 10 is led to the combustion chamber 12 through the fue 11, as shown in Fig. 7. As 25 

the producer has been practically completely 
burned, it will be discharged from the grate 
at the rear end of the producer. 
9 is a fixed grate onto which the clinker 

and any unburned fuel left on the traveling 
grate is discharged. . 
The clinker being fed into the producer 

under the fuel, will form a layer of non 
combustible material upon the grate 8 and 
thus protect it from excessive heat during 

The gas formed in the pro 

the gas enters the lower part of the combus 
tion chamber 12, it is mixed with air enter 
ing through the flue 13 on the opposite side 
of the chamber. The height of the combus 

30 tion chamber is such as to allow several 
convolutions of the gaseous stream, thus ob 
taining a thorough mixture and complete 
combustion before leaving the combustion 

35 
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chamber through the flue. 14. The combus 
tion chamber is of circular cross-section and 
preferably having an arched roof, 15. The 
air and gas are entered tangentially at op 
posite sides, thus forming a helical flame. 
By this device I have found that I can se 
cure a very complete and rapid combustion 
of the producer gas with the minimum sup 
ply of air, thus insuring a very high flame 
temperature. This method of combustion 
and form of combustion chamber I do not 
herein claim, as it is claimed in my applica 
tion Ser. No. 356414, filed Feb. 8th, 1907. 
The steam generating chamber 16 is in 

closed by the side walls 21 and 21 and the 
end walls 22 and 22 and is divided into 
three heating compartments, 23, 24 and 24, 
by the vertical partitions or baffle walls 25 
and 25' which extend the entire height of 

55 

60 

the chamber, but they do not traverse the 
entire length of the chamber but leave spaces 
26 and 26 so as to connect the middle com 
partment 23 with the lateral compartments 
24 and 24. - 
A plurality of steam drums, 17, 17 and 

17, are set transversely of the steam gener 
ating chamber. A corresponding number 
of mud drums occupy the lower part of the 

65. 

said chamber, each being set directly under 
its coöperating steam drum. A large num 
ber of tubes, the ones occupying the middle 
compartment 23, at least, being preferably. 

each steam drum with its coöperating mud 
drum. 
The hot combustion gases pass from the 

combustion chamber 12, through the flue 14, 
and enter the middle compartment 23 of 
steam generating chamber 16. This central 
compartment, 23, is of such cross-section 
relative to the cross-sections of two lateral 
compartments 24 and 24, that the gases 
flowing through it have a much higher rela 
tive velocity than in the lateral compart 
ments 24 and 24. The object of this feature 
will be explained in more detail farther on. 

If the inlet to the steam generating cham 
ber is at the rear of the chamber, as is shown 
in the drawings, the current of combustion 
gases will move toward the front of the 
chamber in the central compartment and will divide into two currents at the front end of 
the chamber, one current following the di 
rection of the arrow through the passage 26 
and assuming a direction toward the rear 
end of the chamber in the compartment 24. 
In the rear wall 22' is the flue 27, through 
which flue and pipe 28 the combustion gases, 
after heating the water tubes in the com 
partment 24, are led to a recuperator, 29. 
The other current will follow the direction 
of the arrow through the passage 26 and will 
also assume a direction toward the rear of 
the chamber in the compartment 24, heating 
the tubes in this compartment and leaving 
the compartment through the flue 30. The 
pipe 31 leads this second current of com 
bustion gases to a water heater, 32, where a 
further portion of its sensible heat is used 
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to heat the feed water supplied to the boiler. 
As stated before, the current of combus 

tion gases leaving the compartment 24 of 
the steam generating chamber 16, is led to 
the recuperator 29 by the conduit 28. A 
valve, 28, on the conduit 28 regulates the 
flow of gas through the recuperator 29. The 
recuperator 29 may be of any suitable type, 
the one shown comprising a plurality of 
parallel, serpentine, combustion gas flues en 
veloping a corresponding number of air 
flues. The main current of combustion 
gases is divided, as it enters the top of the 
recuperator, between the several combustion 
gas flues, the several currents again uniting 
in the transverse flue 37. 33 is the casing 
of the recuperator. Therecuperator is di 
vided into several parallel vertical compart 
ments by the partitions 34, which partitions 
extend the entire height and length of the 
recuperator except at the points of distri 
bution and collection, thereby forming a 
distributing and a collecting flue respec 
tively. The horizontal partitions 35 extend 
alternately from the front and back of the 
recuperator to a short distance from the op 
posite end and are joined to the vertical 
partitions, thus forming the continuous ser 
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pentine flues 36. 37 is the distributing gas 
flues and 37” the colecting gas-flue. The 
current of combustion gases entering the re. 
cuperator by the conduit 28 flows through 
the cross-flue 37 and is distributed to the 
plurality of serpentine flues 36, one of which 
is shown in Fig. 4. Flowing downward 
through the flues 36' the 
cuperator, after giving up the larger, part 
of their sensible heat to the air flowing in 
the opposite direction therethrough, by the 
conduit 38 to the large underground fue 39. 

... the collecting gas flue 37'. 

20 

25 

30 

producer. The secondary air supplied for 
35 

40 

45 
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flue 51 in the front wall 22. The volume of 

by a damper, 52, placed in the opening 58, 

which leads all waste gases to the chimney, 
40 is a blower forcing air through the pipe 
42 to the distributing air pipe 43 placed in 

he air is thus 
divided into the same number of parallel 
currents as the combustion gas. The air pipes, 44, are placed substantially in the 
centers of the gas flues 36. ? 

In the distributing gas flue 37 is placed 
the collecting air pipe 43', to which collect 
ing pipe is attached the off-take air pipe 45 
which leads the heated air from the re 
cuperator. 56 are hangers for supporting 
the air pipes 44 in the recuperator 29, and 
57 is the lagging covering said recuperator." 
The current of heated air flowing through 
the main pipe 45 is divided into three cur-. 
rents, one current flowing through the pipe 
46 to the injector 47 furnishes the primary 
air for supporting the combustion in the gas 
the combustion of the producer gas in the 
combustion chamber 12, is led to that cham 
ber by the pipe 48 (in the drawings shown, 
this is an extension of the pipe 45) and 
thence through the flue 13. A small part of 
the main current is taken off by the pipe 49 
and led under the stationary grate 9, for the 
purpose of burning whatever carbon may 
have escaped combustion in the producer 10. 
Walves, 46, 48' and 49, on the respective 
pipes 46, 48 and 49, serve to regulate the 
currents. of air flowing through them. 
The primary airflowing through the in 

jector 47 and injector throat 50 induces a 
current of hot combustion gases 
steam generating chamber 16 through the 
this current of combustion gas is regulated 
and by varying the volume and pressure of 
the air on the nozzle by means of the valve 47. As the primary air enters the space 54 
below the movable grate.8, it is distributed 
along the length of the grate in proportion 

60 

65 

to the amount of combustible fuel along the 
grate. That is to say, a greater amount of 
air is caused to pass through the front end 
of the grate, where the fuel bed is thicker, 
than through the rear end of the grate, 
where the fuel bed is thinner, due to th? con 
traction of the mass on the grate as the 

gases unite. in the 
colecting fue 37” and are led from the re 

from the 

space 58' the 

carbon is burned out. This distribution is 
accomplished by placing a partition or 
baffle plate, 55, between the upper and lower 
parts of the movable grate 8 and in a direc 
tion inclining downward toward the front 
of the grate. The plate extends clear across 
the chamber, extending into the two side 
walls. The upper rear end is so constructed as to substantially prevent any air from 
passing through the grate at that end. The 
effect of this baffle is. to continuously di 

70 

minish the passage open to the air under the 
grate 8, from the front to the rear end of 
the grate. The distance of the baffle below 
the grate should be so regulated that the 
resistance, which it offers to the flow of the 
air along the grate shall be sufficient to 
cause the major portion of the air to pass 
through the mass on the front of the 
grate, and continually diminishing portions 

80 

85 
through the successive sections of the grate 
from the front to the rear end thereof. This 
is an important feature of my invention, as 
it is evident that for economical working the 
air must be distributed along the length of 
the fuel bed in proportion to the quantity of 
combustible thereon. This proper distribu 
tion of the air through the fuel bed is regu 
lated by the inclination and length of the 
baffle plate 55, as described above. The gas 
formed in the producer 10 by the combustion 
of the fuel and the air, leaves the producer 
by the large flue 11 and enters the combus 
tion chamber 12 tangentially, as already 
stated. The second current of combustion 
gases, after passing through the compart 
ment 24 and flue 30, enters the conduit 31, 
leading to the water heater 32. The water 
heater may also be of any preferred type, 
but I prefer to use one of the form shown in 

90 

95 

100 
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Fig. 3. This is of a novel construction, 
so arranged that there is no circulation of 
the water passing therethrough. I have not 
claimed this specific invention herein, 
but reserve the right to claim it in a later 10 
application. The hot gases enter at the top 
of the water heater through a pipe, 31 into 
an open distributing gas space, 58. This 
space is formed by the top, óf the water 
heater, the upper ends of the inclosing walls 
and the upper header 59. This header as 

115 

well as a similar lower header, 59, contains . 
numerous openings for the insertion of the 
vertical gas tubes 60 which connect the dis 
tributing space. 58 with the collecting space 
58. The hot gases are distributed among 
the several rows of tubes 60 (only one row 
of which is shown in Fig. 3) and flow down 
ward through the tubes 60, giving up their 
sensible heat to the feed water, which flows 
in the opposite direction through the inter 
tubular space of the water heater, às ex 
plained later. After passing through the 

gases are led away from the 
water-heater through the conduit 61 to the 

20 

25 

30 

  



0, 

15 

20 

water moving slowly from the bottom to the 
top of the water heater as a mass, with very 
little local circulation. By this arrangement 
the lower ends of the tubes 60 are surround 
ed with water which is at substantially the 

25 

30 

comparatively low temperature. The heat 
ed water leaves the water heater by the pipe, 
66, which is placed just below the distrib 

35 

40 

divides into two currents, one flowing 

' 50 

55 

60 

the cooler portions of the drums, thus, in 
creasing the rapid circulation at which I 

65 

through the pipe 64 by the pump 63 and en 

posite flowing hot combustion gases through 
the tube 60. By this device of causing the 
heating gases to travel downward through 

manner. In the accompanying drawings is 

traverse, respectively, opposite ends of all 
-the steam drums. The water is then led 

underground flue 39 and thence to the chim 
ney. 82 is a means of access to the gas 
space 58 for cleaning purposes. The 
water heater is preferably insulated with 
some suitable lagging, 62. 
The water to be fed to the boiler is forced 

ters the lower part of the intertubular space 
of the water heater just above the lower col 
lecting gas space 58. It completely fills 
the space 65 between the tubes 60, entirely 
surrounding them and flows upward through 
the heater, its temperature rising, due to the 
absorption of the heat given up by the op 

the heater while the water is caused to travel 
upward, it is apparent that the greatest 
heating effect is at the surface. of the water 
in the heater and diminishes toward the bot 
tom of the heater. There is thus very little 
tendency to set up convection currents, the 

temperature of the water entering through 
64. The conditions are therefore very fa 
vorable for the recuperation of the heat of 
the combustion gases flowing through the 
water heater, and these leave the heater at à 

uting gas space 58. The flow of gas and 
water to the water heater may be controlled. 
by the respective valves 31 and 64 placed 
respectively on the pipes 31 and 64. The 
heated water is now led to the several water 
spaces of the steam drums 17, 17 and 17', 
and this may be done in any convenient 
shown a pipe, 67, connected with the feed 
water pipe 66. The water leaving pipe,66 
through 67 to the pipe. 68 and the other 
through 67 to the pipe 68. This arrange 
ment of the feed water pipes is shown 
clearly in Fig. 6. The pipes. 68 and 68 

from the pipes 68 and 68 to the steam 
drums, through the respective feed pipes 69, 
69 and 69' and 70, 70 and 70'. It will be 
noted that the water is fed into the several 
drums at two points, these points being over 
the lateral compartments of the steam gen 
erating chamber 16, and are thus fed into 

aim. The upper drums communicate with 
each other through the curved pipes 71, 71. 
and 72, 72", which are also placed over the 

1,084,218 
lateral compartments 24' and 24, respec 
tively. These pipes connect the water spaces 
and thus maintain equal water levels in all 
the drums. 
The steam liberated from the water in the 

drums 17, 17 and 17' is led out through their 
respective connections 73, 73 and 73 into 
the main steam pipe 74, which carries the 
steam from all the drums to where it is to 
be used, and also serves for equalizing the 
pressure in the several drums. The lower, 
or mud drums, may be made much smaller 
than the steam drums, and each contains a 
device for collecting the sediment precipi 
tated from the impure feed water. I have 
shown perforated pipes, 75, 75 and 75'., 
placed longitudinally in each mud drum for 
this purpose. The sediment collects at the 
lowest 

perforations 76 which are 
placed along the sides of the pipes and near 
their lower surfaces and is blown out by the blow-off pipes 77, 77 and 77', by opening 
the valves 78, 78' and 78’, respectively, and 
carried away by the waste pipe 79. 80 is 
the water gage, and 81 the steam gage. The 
steam gage is connected to the steam space 
of one of the steam drums by the pipe 82. 
The drums, tubes and contained water 

are supported in any suitable manner, but 
I prefer the support to be independent of 
the brickwork, and I have shown each of 

83, from suitable guides. Bolts, 84, 84 
and 84', pass through the upper ends re 
spectively of the straps 83, 83 and 83', and 
other straps or hangers, 85, 85 and 85'., 
pass under the respective bolts 84, 84 and 
85' and are supported by the uppermost 
I-beam, 86, which are supported transversely 
over the drums by the supporting beams 87, 
which are placed at right angles to the 
beams 86 and are in turn supported at their 
ends by the beams or standards 88, which 
are placed along the sides of the boiler set 
ting and also serve as buckstaves to prevent 
the walls from buckling. It is to be under 
stood that the above described system of 

the drums, 
do not limit beams is one way of ??????? tubes and contained water, but 

myself to that particular method of sup 
port. The lower mud drums are supported 
from the upper drunas, by the water tubes. 
This may be done in this case, as the large 
number of tubes connecting each pair of 
drums make the strain brought on any in 
dividual tube negligible. . . 
Openings, 89, give access to the interior 

of the steam generating chamber 16. The 
brick setting is for the purpose of inclosing 
the chamber and does not support any part 
of the boiler proper. 

90 and 91 are doors to the openings 90' 
and 91", respectively, through which the 

point of the boiler and is forced 
through the 
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the steam drums, 17, 17' and 17', suspend 
ed by their respective straps, 83, 83 and 
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ash and clinker discharged from the graté 8 
are withdrawn. 

It is apparent that, by regulating the dis 
tribution of air, for combustion of the fuel 
on the movable grate, along the length of 
that grate in proportion to the quantity of 
carbon on the different sections of the grate, 
wil obtain a gas of normal quality. This 

air distribution may be regulated as al 
ready explained, by some suitable means 
placed below the fuel bed, such as the in 
clined baffle 55, or a horizontal plate pro 
vided with vertical baffles at intervals and 
extending across the producer and below the 
lower part of the grate with suitably gradu 
ated openings. . - 

It is desirable to have a means of protect 
ing the grate and this I accomplish by feed 
ing clinker, as explained before, below the 

20 fuel. 
In the ordinary-methods 

10 

5 

of operating 
power plants there is always a considerable 
proportion of the fuel used lost, due to the 
falling through the grate of portions of un 

25 burned carbon. In the present apparatus 
practically all of the carbon of the fuel is 
burned in the producer. This is insured by 
allowing the ashes, which may centain a 
certain amount of unburned carbon, to fall 

30 upon a secondary grate, and allowing a 
small amount of air to pass through this 
secondary grate and burn whatever combus 
tible material may have escaped combustion 
in the producer proper: . In this way the 

85 proportion of the carbon of the fuel which 
is wasted is reduced to a minimum. 

In the drawings is shown a combustion. 
chamber connected with the producer where 
the gas led from the producer is burned with 
the necessary amount of air. This combus: 
tion chamber is circular in cross-section and 
has a spherical top or dome and is lined en tirely with fire-brick. As already explained, 
the gas and air enter the bottom of this 
chamber tangentially at a comparatively 
high velocity. There is therefore produced 
a helical flame having several complete con 
volutions in contact with each other. 
One of the important features of this in 

vention is the method used to secure a rapid 
circulation of both the heating gases and the 
water in the tubes, so that the evaporation 

45 

50 

in the tubes and drums will be a maximum. 
It is the aim in all types of boilers to ob 

55 tain a rapid circulation of the water through 
the tubes and drums and thus obtain a rapid 
generation of steam since, as is well known, 
the rate of heat transmission varies about 
as the sq. root of the velocity of the circula 

60 tion. , , 
As explained before, the hot combustion 

: gases enter.the-steam generating chamber in 
the center of one of its ends and pass 
through this chamber by a middle compart 

65 ment which contains the middle group of 

water tubes. The cross-section of this mid 
dle compartment, depending upon the dis 
tance between the division walls 25 and 25, 
is such as to cause the hot gases flowing 
through it to have relative velocity. The 
high velocity of the hot gases in contact 
with the water tubes in the compartment 
causes a rapid rate heat transmission from 
the gases to the water in the tubes. This is 
due to the fact that the rate of heat trans 
mission from fluids to metal depends upon 
the velocity of flow of the gases in contact 
with the metal, as already explained. The 
time of contact of the gases and tubes is 
of course shortened, but the heat trans 
mitted by the higher velocity of the gases 
more than balances the lower amount of 
heat transmitted through the tubes by the 
shorter interval of contact of gases with the 
tubes. 

After passing through the length of the 
steam generating chamber and giving up a 
greater part of its heat to the water in the 
central group of tubes, the gases are split 
and flow through the side compartments to 
the other end of the chamber, heating the 
tubes contained in said side compartments 
which connect the end portions of the steam 
drums with their respective mud drums. 
The cross-sections of these outer compart 
ments is such as, to reduce the velocity of 
flow of the gases passing through them rela 
tively to the velocity they had while heating 
the central group of tubes. We have there 
fore, that the gases heating the end tubes in 
the lateral or side compartments are travel 
ing at a lower velocity and are at a lower 
temperature than the gases heating the cen 
tral tubes contained in the central compart 
ment. There is consequently a rapid heat 
ing and rising of the water in the central 
groups of all the banks of tubes and a corre 
sponding rapid downward motion of the 
water in the two end groups of each bank of 
tubes, to take the place of the water rising in 
the central groups. There is thus a rapid 
circulation 

groups of tubes to the centers of the mud 
drums and up the central groups again. 
The circulation in each pair of coöperating 
steam and mud drums is independent of the 
circulation in the other pairs of drums, the 
connections between the steam drums serv 
ing to equalize the water level in them. 
The feed water is entered in the coolest 

parts of the drums above the tubes in which 
the circulation is downward, and so imme 
diately passes vertically through these tubes, 
liberating itself of most of its impurities 
while passing through these tubes and the 
mud drums. The sediment naturally falls. 
to the bottom of the mud drums, from where. 
it is readily blown of when necessary. 
The waste gases leaving the boiler at 
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on from the center of each steam 
drum to the ends thereof. and down the end 
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about 500° to 600° F. are not allowed to 
escape directly to the atmosphere through a 
chimney, but their sensible heat is utilized 
to raise the temperature of the feed water 
and the air used for combustion of the fuel 
on the grate and of the gas in the combus 
tion chamber. This is accomplished as 
already explained. It has been also ex 
plained how a part of the hot combustion 
gases are mixed directly with the already 
preheated air while passing through the in 
jector throat below the fuel gate. The car 
bon dioxid of this portion of the combustion 

15. 
gases is mostly broken down by reaction 
with the carbon of the fuel to carbon mo 
noxid. As this reaction causes the absorp 
tion of a large amount of heat from the 

20 

25 

fuel bed, it enables the temperature thereof 
to be kept, at a point below the clinkering 
temperature of the ash, whereby the grate 
is kept free from obstructive masses and the fuel bed in a condition easily permeable 
by the draft current. . 
With these methods of recuperation, above 

described, together with the preliminary 
drying and continual slow feeding of the 
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is substantially horizontal, a plurality 
steam-drums set transversely of all of said 

coal, which does away with the necessity of 
opening doors and allowing an inrush of 
cold air when intermittent firing is resort 
ed to, I. obtain the recovery of the maxi 
minum amount of heat units of the fuel in 
useful work. 
I have not herein claimed specifically the 

form of gas-producer and traveling grate 
shown, but reserve the right to claim these 
specifically in another application. 
Having described my invention, what I 

claim is: - 

1. In a steam boiler, a chamber divided 
for the heating gases, an upper steam-drum 
and a lower mud-drum each of said drums 
being set so as to traverse all of said pas 
sages and to lie cross-wise to the direction 
of flow of the heating gases through said 
passages and a plurality of water-tubes con necting said drums. 

2. In a steam boiler, a chamber divided 
into forward-flow and return-flow passages 
for the heating gases, said passages being so 
arranged that the flow of gases therethrough 

of 

passages in the upper part thereof, and a 
plurality of mud-drums set transversely of 
said passages in the lower part thereof, and 

60 

a plurality of water-tubes connecting said 
drums. . ' 

3. In a steam boiler, a chamber divided 
into forward-flow and return-flow passages for the heating gases, a plurality of steam 
drums set transversely of all of said pas 
Sages in the upper part thereof, and a plu 
'ality of mud-drums set transversely of all 
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of said passages in the lower part thereof, 
each of said mud-drums being set substan 
tially vertically under one of said steam 
drums and coöperating with said steam 
drum, and a plurality of water-tubes con 
necting each of said steam-drums with its 
coöperating mud-drums. 

4. In a steam boiler, a chamber divided 
into forward-flow and return-flow passages 
for the heating gases by substantially ver 
tical partitions, a plurality of steam-drums 
set transversely of said passages in the up 
per part thereof, and a plurality of mud 
drums set transversely of said passages in 
the lower part thereof, each of said mud 
drums coöperating with one of said steam 
drums, and a plurality of Water tubes con 
necting each of said steam-drums with its 
coöperating mud-drum. 

5. In a steam boiler, a chamber divided 
into forward-flow and return-flow, passages 
for the heating gases, a plurality of steam 
drums set transversely of all of said pas 
Sages in the upper part thereof, and a plu 
rality of mud-drums set transversely al 
of said passages in the lower part thereof, 
each of said mud-drums coöperating with 
One of said steam drums, a plurality of 
Water-tubes connecting each of said steam 
drums with its coöperating mud-drum, and 
a plurality of tubes cross-connecting said 
steam-drums. 

6. In a steam boiler, a chamber divided 
into forward-flow and return-flow passages for the heating gases by substantially verti 
cal partitions, passages around one end of 
said partitions establishing communication 
between said forward flow and said return 
flow passages, a plurality of steam-drums 
Set transversely of said passages in the 
upper part thereof, and a plurality of mud 
drums set transversely of said passages in 
the lower part thereof, each of said mud 
drums coöperating with one of said steam 
drums, a plurality of water-tubes connect 
ing each of said steam-drums with its co 
operating mud-drum, and a plurality of 
tubes connecting the water spaces of said YA steam-drums. 

7. In a steam-boiler, in combination, a 
chamber divided into forward-flow and re 
turn-flow passages for the heating gases by 
substantially vertical partitions, passages 
around one end of said partitions establish 
ing communication between said forward 
flow and said return flow passages, a plu 
rality of steam-drums set transversely of 
said passages in the upper part thereof, and 
a plurality of mud-drums set transversely 
of said passages in the lower part thereof, 
each of said mud-drums coöperating with 
one of said steam-drums, a plurality of tubes 
connecting each of said steam-drums with 
its coöperating mud-drum and a plurality of 
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steam tubes establishing communication be 
tween the steam spaces of the said steam 
drums. 

8. In a steam-boiler, in combination, a 
chamber divided into a plurality of passages 
for the heating gases by substantially ver 
tical partitions, said partitions extending 
substantially from the bottom to the top of 
said chamber, a plurality of steam drums in 
the upper part of said passages, a plurality 
of mud-drums in the lower part of said pas 
sages, each of said mud-drums coöperating 
with one of said steam-drums, a plurality of 
tubes connecting the vapor space of each of 
said steam-drums with the adjacent drum 
or drums, and a plurality of tubes connect 
ing the water space of said steam drums 
with the water space of the adjacent steam 
drum or drums. V 

9. In a steam-boiler, in combination, a 
chamber divided into a plurality of passages 
for the heating gases by means of a plurality 
of substantially vertical partitions, passages 
around one end of said partitions establish 
ing communication between said passages 
for heating gases, a substantially horizontal 
steam-drum set in the upper part of said 
passages, a substantially horizontal mud 
drum set in the power part of said passages, 
and a plurality of water-tubes connecting: 
said steam-drum with said mud-drum. 

10. In a steam-boiler, in combination, a 
chamber divided into a middle and two side 
passages for the heating gases by means of 
two substantially vertical partitions, said 
partitions extending substantially from the 
bottom to the top of said chamber, a sub 
stantially horizontal steam-drum set trans 
versely of said passages in the upper part 
thereof, a substantially horizontal mud 
drum set transversely of said passages in 
the lower part thereof, and a plurality of 
water-tubes connecting said steam-drum 
with said mud-drum. 

11. In a steam-boiler, in combination, a 
chamber divided into a middle and two side 
passages for the heating gases by means of 
two substantially vertical partitions, aý plu 
rality of substantially horizontal steam 
drums, each of said steam drums being set 
transversely of all of said passages in the 
upper part thereof, a plurality of substan 
tially horizontal mud-drums set transversely 
of said passages in the lower part thereof, 
and a plurality of water-tubes connecting 
the said steam-drums with the said mud 
drums. . 0 

12. In a steam-boiler, in combination, a 
heating chamber, a plurality of substantially 
vertical partitions, said partitions extend 
ing substantially from the bottom to the top 
of said heating chamber and dividing said 
chamber into a middle and two side past sages for the heating gases, a plurality of 
steam-drums set transversely of Said pas 
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sages in the upper part thereof, a plurality 
of mud-drums set transversely of said pas 
sages in the lower part thereof, each of said 
mud-drums being located substantially ver 
tically underneath one of said steam-drums 
and coöperating therewith, and a plurality 
of water-tubes connecting each steam-drum 
with its coöperating mud-drum. 

13. In a steam-boiler, in combination, a 
heating chamber, a plurality of substantially 
vertical partitions extending substantially 
from the bottom to the top of said chamber, 
said partitions dividing said heating cham 
ber into a middle and two side passages for 
drums set transversely of said passages in 
the upper part thereof, passages connecting 
the steam-space of each of said steam-drums 
with a common steam passage, whereby the 

placed in communication with each other, a 
plurality of tubes connecting the water 
space of each drum with the water spaces of 
the adjacent steam-drums, a plurality of 
mud-drums set transversely of the said 
passages for heating gases in the lower part 
thereof, each of said mud-drums being set 
substantially parallel with and vertically 
underneath one of said steam-drums, and a 

said steam-drums with the underlying mud 
drums, whereby each of said steam-drums 
is made to coöperate with its said underly 
ing mud-drum. 

14. In a steam-boiler, in combination, a 
heating chamber, said heating chamber be 
ing divided into a plurality of longitudinal 
passages for the heating gases by means of 
substantially vertical partitions, a plurality 
of substantially vertical partitions, passages 
around the ends of said partitions farthest 
from the place of entrance of the heating 
gases, said passages establishing communi 
cation between said longitudinal passages, a 
plurality of steam-drums located in the up 
per part of said longitudinal passages, a 
mud-drum or a plurality of mud-drums lo 
cated in the lower part of said passages and 
a plurality of water-tubes connecting the 
said mud-drum or drums with the said 
steam-drums. 

steam-generating chamber comprising a 
middle passage for the flow of the high tem 
chamber, in one direction, two smaller pas 
sages, one located on each side of said mid 
dle passage, for the return flow of the par 
tially spent combustion gases, two substan 
tiallv vertical partitions extending substan 
tially from the bottom to the top of said gas 
generating chamber, said partitions forming 
the said middle and side passages, a plural 

combustion gas passages in the upper part 

the heating gases, a plurality of steam 

steam-spaces of the said steam-drums are 

plurality of water tubes connecting each of 

perature combustion gases entering the 
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thereof, one or more mud-drums set trans 
versely of said combustion gas passages in 
the lower part thereof, and a plurality of 
water tubes connecting said mud-drum of 
drums with the said plurality of steam 
drums. ?. 

16. In a steam-boiler, in combination, a steam-generating chamber having two sub 
stantially vertical longitudinal partitions 
therein, whereby the said generating cham 
ber is divided into a middle longitudinal 
passage for the flow of the high-temperature 
combustion gases entering the chamber in 
one direction, and a smaller longitudinal 
passage on each side of said middle passage 
for the return flow of the partially spent 
combustion gases, a plurality of steam 
drums, each of said steam drums being set 
transversely of all of said combustion pas 
sages in the upper part thereof and a plural 
ity of mud-drums set substantially parallel 
to said steam-drums, one of said mud-drums 
being located, substantially, vertically un 
derneath each of said steam-drums and co 
operating therewith, and a plurality of wa 
ter tubes connecting each steam-drum with 
its coöperating mud-drum, whereby a cir 
culation of water is established between the 
lower mud-drums and their coöperating 
steam-drums, the said water ascending 
through the water-tubes occupying the said 
middle passage for combustion gases and de 
scending through the tubes occupying the 

35 
said side passages for combustion gases. 

17. In a steam-boiler, in combination, a 
steam-generating chamber having two sub 
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chamber is divided into, a middle longitudi 

stantially vertical longitudinal partitions 
therein of a less length than the length of 
said chamber, whereby the said generating 
nal passage for the flow of the high-temper 
ature combustion gases entering the said 
chamber in one direction, and a smaller lon 
gitudinal passage on each side of said mid 
dle passage for the return-flow of the par 
tially spent combustion gases, the said side 
passages being in free communication with 
the said middle passage at the extremity 
of said steam-generating chamber farthest 
from the place of entry of said combustion 
gases, a plurality of steam-drums set trans 
versely of said combustion gas passages in 
the upper part thereof and a plurality of 
mud-drums set substantially parallel to said 
steam-drums, one of said mud-drums being 
located substantially vertically beneath each 
of said steam-drums and coöperating there 
with, a plurality of water-tubes connecting 
each steam-drum with its coöperating mud 
drum, a plurality of tubes cross-connecting 
the water spaces of said steam-drums, said 
cross-connections being located in the said 
side passages for combustion gas, and a pipe 
connecting the steam-space of each of said 
steam-drums with a common steam conduit, 
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18. In a steam-boiler, in combination, a 
steam - generating chamber, walls inclosing 
said chamber, two substantially vertical lon 
gitudinal partitions in said chamber, said 
partitions abutting against the front wall 
of said chamber but stopping short of the 
rear wall of said chamber, whereby the said 
steam-generating chamber is divided into a 
middle longitudinal passage and two side 
longitudinal passages, the said side pas 
sages being in communication with said mid 
dle passage around the rear ends of said 
partitions, a passage in the front wall of 
said chamber communicating with the said 
middle passage of said chamber for con 
ducting the hot combustion gases to said 
middle passage and one or more passages in 
the front wall of said chamber in com 
munication with each of said side passages 
for the exit of the spent combustion gases 
from said side passages, steam-drums in 
the upper part of said passages and one or 
more mud-drums in the lower part of said 
passages, a plurality of water-tubes in each 

70 

75 

80 

85 

of said passages connecting the said mud- . 
drum or drums with the said steam-drums, 
whereby in the operation of said boiler a 
rapid circulation is established between the 
said water - drum or druns and the saj. 
steam-drums, the yvater ascending in til, 
bank of tubes occupying the said midd: 
passage and descending through the bank, 
of tubes occupying the said side passages. 

19. In a steam-boiler, in combination, a 
steam-generating chamber, walls inclosing 
said chamber, two substantially vertical lon 
gitudinal partitions in said chamber, said 
partitions abutting against the front wall of 
said chamber but stopping short of the rear 
wall of said chamber, whereby the said 
steam-generating chamber is divided into a 
middle longitudinal passage and two sidelon 
gitudinal passages, the said side passages be 
ing in communication with said middle pas 
sage around the rear ends of said parti 
tions, a passage in the front wall of said 
chamber communicating with the said mid 
dle passage of said chamber for conducting 
the hot combustion gases to said middle pas 
sage and one or more passages in the front 
wall of said chamber in connmunication with 
each of said side passages, for the exit of 
the spent combustion gases fron said side 
passages, a plurality of steam-drums set 
transversely to said passages in the upper 
part thereof, a plurality of tubes cross-con 
necting the water spaces of the adjacent 
steam-drums, the said cross-connections be 
ing located in the said side passages, a 
valved water feed-pipe communicating with 
the interiors of said steam-drums near the 
ends thereof, a pipe connecting each of said 
steam-drums with a common steam conduit, 
whereby the steam spaces of the several 
steam - drums are in communication with 
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each other, means for indicating the water horizontal steam-drum set transversely. of 
level in said steam-drums, a plurality of 
mud-drums set parallel to said steam-drums, 
one of said mud-drums being located verti 
cally beneath each of said steam-drums, a 
plurality of water tubes in each of said lon 
gitudinal passages connecting the said steam 
drums with the said mud-drums, wherein in 
the operation of said boiler, a rapid circu 
lation of the contained water is established 
between the said mud-drums and the said 
steam-drums, the water ascending in the 
bank of tubes occupying the said middle 
passage and descending through the banks 
of tubes occupying the said side passages. 

20. The combination of a gas producer, a 
combustion chamber, a passage connecting 
said combustion chamber with said gas pro 
ducer, a steam-generating chamber and a 
passage connecting said combustion cham 
ber with said steam-generating chamber, the 
said steam-generating chamber comprising 
forward-flow and return-flow passages for 
the heating gases, a plurality of steam-drums 
set transversely of said passages in the up 
per part thereof, and a plurality of mud 
drums set transversely of said passages in 
the lower part thereof, each of said mud 
drums being set substantially vertically un 
der one of said steam-drums and coöperat 
ing with said steam-drum, and a plurality 
of water-tubes connecting each of said steam 
drums with its coöperating mud-drum. 

21. In combination, a gas producer, a 
combustion chamber, a passage connecting 
said gas producer with said combustion 
chamber, a steam - generating chamber, a 
passage connecting said combustion cham 
ber with said steam-generating chamber, 
the said steam-generating chamber compris 
ing, forward-flow and return-flow passages 
for the combustion gases from said com 
bustion chamber, a plurality of steam-drums 
set transversely of said passages in the up 
per part thereof, and a plurality of mud 
drums set transversely of said passages in 
the lower part thereof, each of said mud 
drums coöperating with one of said steam 
drums, a plurality of tubes connecting each 
of said steam-drums with its coöperating 
mud-drum and a plurality of steam tubes 
establishing communication between the 
steam spaces of the steam-drums. 

22. In combination, a gas producer, a 
combustion chamber, a passage connecting 
said gas producer with said combustion 
chamber, a steam-generating chamber and a 
passage connecting said combustion chamber 
with said steam-generating chamber, the said steam-generating chamber comprising. 
in combination a middle and two side pas 
sages for heating gases, said passages being 
formed by two substantially vertical parti 
tions and the two walls of said chamber 

65 parallel to said partitions, a substantially 

Said passages in the upper part thereof, a 
Substantially horizontal mud - drum set 
transversely of said passages in the lower 
part thereof and a plurality of water-tubes 
connecting said steam-drum with said mud 
drum. y 

28. In combination a gas producer, a 
combustion chamber, a passage connecting 
said gas producer with said combustion 
chamber, a steam-generating chamber and a 
passage connecting said combustion cham 
ber with the said steam-generating cham 
ber, the said steam-generating chamber 
comprising in combination a middle and 
two side passages for heating gases, a plu 
rality of steam-drums set transversely of 
Said passages in the upper part thereof, a 
plurality of mud-drums set transversely of 
said passages in the lower part thereof, each 
of said mud-drums being located substan 
tially vertically under one of said steam 
drums and coöperating therewith, and a 
plurality of water-tubes connecting each 
steam-drum with its coöperating mud-drum. 

24. In combination a gas producer, a 
combustion chamber, a passage connecting 
said gas producer with said combustion 
chamber, a steam-generating chamber, and 
a passage connecting the said combustion 
chamber with the said steam-generating 
chamber, the said steam-generating cham 
ber comprising a middle passage for the 
flow of the high temperature combustion 
gases entering the steam-generating cham 
ber in one direction, two smaller passages 
one located on each side of said middle pas 
sage for the return-flow of the partially 
spent combustion gases, a plurality of steam 
drums set transversely of said combustion. 
gas passages in the upper part thereof, a 
plurality of mud-drums set transversely of 
said passages in the lower part thereof, one 
of said mud-drums being located substan 
tially vertically beneath each of said steam 
drums and coöperating therewith, and a 
plurality of water-tubes connecting each 
steam-drum with its coöperating mud-drum, 
whereby a circulation of water is established 
between the lower mud-drums and their co 
operating steam-drums, the said water as 
cending through the water-tubes occupying 
the said middle passage for combustion 
gases and descending through the tubes oc 
cupying the said side passages for combus 
tion gases. 

25. In combination, a gas producer, a 
combustion chamber, a passage connecting 
said gas producer with said combustion 
chamber, a steam-generating chamber, and 
a passage connecting the said combustion 
chamber with said steam-generating cham 
ber, the said steam-generating chamber com 
prising, inclosing outer walls, two substan 
tially vertical, longitudinal partitions there- 130 
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in, of a less length than the length of said 
chamber, whereby the said generating 
chamber is divided into a middle longitudi 
nal passage for the flow of the high temper 
ature combustion gases entering the said 
chamber in one direction and a smaller lon 
gitudinal passage on each side of said mid 
dle passage for the flow of the partially 
spent combustion gases in the reverse direc 
tion, the said side passages being in free 
communication with the said middle pas 
sage at the extremity of said steam-generat 
ing chamber farthest from the place of en 
try of said combustion gases, a plurality of 
steam-drums suspended transversely of said 
combustion gas passages in the upper part 
thereof, a plurality of mud-drums in the 
lower part of said combustion gas passages, 
one of said mud-drums being located sub 
stantially vertically underneath each of said 
steam-drums, a plurality of water-tubes con 
necting each steam-drum with its coöperat 
ing mud-drum, whereby the said mud 
drums are placed in communication with 
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their cooperating steamdrums and sus 
pended from said steam-drums, a plurality 
of tubes cross-connecting the water spaces of 
said steam-drums, said cross-connections be 
ing located in the side passages for combus 
tion gas, and a pipe connecting the steam 
space of each of said steam-drums with a 
common steam conduit. 

26. In combination, a gas producer, a com 
bustion chamber, a passage connecting said 
gas producer with said combustion chamber, 
a steam-generating chamber, a passage open 
ing from the upper part of said combustion 
chamber connecting said chamber with the 
steam-generating chamber, a passage con 
necting the said combustion chamber with 
the air discharge-flue of an air recuperator; 
the said steam-generating chamber compris 
ing inclosing outer walls, two substantially 
vertical, longitudinal partitions in said 
chamber, said partitions abutting against 
the front wall of said chamber but stopping 
short of the rear wall of said chamber, 
whereby the said steam-generating chamber 
is divided into a middle , longitudinal pas 
Sage and two side longitudinal passages, the 
said side passages being in communication 
with said middle, passage around the rear 
ends of said partitions. a passage in the 
front wall of said chamber, communicating 
with the said middle passage of said cham 
ber, for conducting the hot combustion gases 
to said middle passage, and one or more 
passages in the front wall of said chamber 
in communication with each of said side 
passages for the exit of the spent combustion 
gases from said side passages, steam-drums 
suspended in the upper part of said passages 
and one or more mud-drums in the lower part of said passages, the said mud-drums 
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a plurality of connecting water-tubes, said 
water-tubes occupying both the middle and 
side-passages of said steam-generating cham 
ber, whereby in the operation of said boiler 
a rapid circulation is established between 
the said steam-drums and the said mud 
drum or drums, the water ascending in 
the bank of said water-tubes occupying 
said middle passage and descending through 
the banks of tubes occupying the said side 
passages. 

27. In combination, a gas producer; a com 
bustion chamber, a passage connecting said 
gas producer with said combustion chamber, 
a steam-generating chamber, a passage open 
ing from the upper part of said combustion 
chamber connecting said chamber with the 
said steam-generating chamber, a passage 
connecting the lower part of the said com 
bustion chamber with the air discharge 
flue of an air recuperator; the said steam 
generating chamber comprising inclosing 
outer walls, two substantially vertical lon 
gitudinal partitions in said chamber, said 
partitions abutting against the front vall 
of said chamber but stopping short of the 
rear wall of said chamber, whereby the said 
steam-generating chamber is divided into a 
middle longitudinal passage and two side 
longitudinal passages, the said side passages 
being in communication with said middle 
passage around the rear ends of said parti 
tions, a passage in the front wall of said 
chamber communicating with the said mid 
dle passage of said chamber for conduct 
ing the hot combustion gases to said middle 
passage and one or more passages in the 
front wall of said chamber in communica 
tion with each of said side passages for the 
exit of the spent combustion gases from said 
side passages, a plurality of steam-drums 
suspended transversely of said passages in 
the upper part thereof, a plurality of tubes 
cross-connecting the water spaces of the ad 
jacent steam-drums, the said cross-connec 
tions being located in the said side passages, a valved water feed-pipe connmunicating 
with the interiors of said steam-drums near 
the ends thereof, a pipe connecting each of 
Said steam-drums with a common steam con 
duit, whereby the steam spaces of the several 
steam - drums are in communication with 
each other, means for indicating the water 
level in said steam-drums, a plurality of 
mud-drums in the lower part of the com 
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bustion gas passages of said steam-generat 
ing chamber, the said mud-drums being sub 
stantially parallel to said steam-drums, one 
of said mud-drums being located vertically 
underneath each of said steam-drums, a plu 
rality of water-tubes in each of said longi 
tudinal passages connecting the said steam 
drums with the said mud-drums and sus 
pending the said mud - drums from said 
steam-drums, whereby in the operation of 
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said boiler a rapid circulation of the con 
tained water is established between the said 
mud-drums and the said steam-drums, the 
water ascending in the bank of tubes occu 
pying the said middle passage and descend 
ing in the banks of tubes occupying the said 
side passages. 

28. In combination, a water - heater, an 
air heater, a gas producer, a combustion 
chamber, passages connecting the lower part 
of said combustion chamber with said gas 
producer and said air heater, respectively, 
a steam-generating chamber, a passage con 
necting the upper part of said combustion 
chamber with said steam-generating cham 
ber, the said steam-generating chamber com 
prising, a middle longitudinal passage for 
receiving the high-temperature combustion 
gases from said combustion chamber, and 
two side passages, one on each side of said 
middle passage for receiving the partially 
spent combustion gases from said middle 

passage, a plurality of steam - drums set 
transversely of said combustion gas passages 
in the upper part thereof, a plurality of 
mud-drums in the lower part of said com 
bustion gas passages, a plurality of water 
tubes connecting each of said steam-drums 
with its corresponding mud-drum, whereby 
there is an upward circulation of water 
established from the said mud - drums to 
their coöperating steam-drums through the 
water-tubes occupying the said middle pas 
sage for combustion gases and a downward 
circulation through the water-tubes occu 
pying the said side passages for combustion 
gases. - 

Signed at New York city in the county of 
New York and State of New York this 14th 
day of Jan. A. D. 1911 

HENRY L. DOHERTY. 
Witnesses: 

J. M. McMILLIN, 
F. L. BLACKBURN. 
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