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This invention relates to improvements in steam 
generators of the type which is adaptable to the 
utilization of combustible fuels in solid, liquid, or 
gaseous form, the burning of which produces heat 

5 to generate steam from water, which has a rapid, 
positive, and natural circulation. 
Whereas the objects of the invention are 

numerous, one of the more important objects 
‘ resides in a steam generator consisting of a single 

10 compact structure in which the radiant heat and 
air in?ltration losses are reduced to a minimum,’ 
space is saved, the initial cost of a masonry brick‘ 
enclosing structure is eliminated, and the mainte- , 
nance of furnace refractories is greatly reduced, 

'15 thus making more practical and economical for 
the generation of steam, efficient heat transfer 
and recovery devices of original design and ar 
rangement. ' - - 

Other objects of the invention are as follows: 
20 to provide a steam generator which may be oper 

ated with high working pressure and tempera 
tures, thus permitting maximum overloads with 
out deterioration and excessive maintenance since 
heat absorbing surfaces shield or screen certain, 

25 or all enclosing walls from the hot gases of com 
bustion; to provide‘ a definite and positive water 
circulation by reason of a constant and adequate 
supply of relatively cooler water and by reason. 
of the fact that all circulating tubes are sub 

30 stantially vertical; to provide a steam generator 
unit containing a maximum of steam generating 
surfaces in a minimum of space; and to provide 
a water line which is relatively low and which is 
steady at all ratings because of the balanced ring 

35 ?ow circulation. . - . ' 

Another object .of the invention consists of a 
steam generator wherein the combustion space of 
the integral boiler and furnace is formed by 
means‘ of water cooled furnace side walls, a re- 1 

40 fractory or water cooled bridge wall, and a re 
fractory or water cooled front wall, the water wall 
cooling tubes forming secondary but highly effi 
cient steam generating elements which constitute 
an integralpartbf the boiler and are so con 

4-5 necté'd therewith through headers as to promote 
natural ring ?ow circulation of the water. 
A further object of the invention is the provi 

sion of alsteam generator wherein all water cool 
ing tubes as well as the water. wall headers and 

50 ‘connecting tube circulators are contained entirely 
within the casing or setting and are swept con- __ 
stantlyab‘y the hot gases of combustion. I > 
A further object resides in a steam generator 

in which allconnections between integral parts 
55 are expanded metal to‘ metal joints, thereby 

(Cl. 122-347) 
eliminating gaskets and bolted or screw joints, 
and wherein the various parts are so arranged as 
to be readily accessible for repair orreplacement 
purposes. \‘ 
A further object of the invention resides in a 5 

steam generator having the above features which 
may have incorporated therein an economizer, or _ 
superheater, or both, without changes in con 
struction; or rearrangement of the parts. 
A still‘ further object is to provide a steam 10 

generator of such design as to preclude the accu 
mulation of any material amount of ,soot and dirt, 
and which retards the adhesion of fused particles 
of ash. Furthermore, the novel construction and _ 
arrangement of parts facilitates the cleaning of 15 
the heating surfaces of the generator by a lesser 
number of soot blower elements than is required 
for the cleaning of corresponding size generators 
heretofore designed. , ' 
With these and other objects in view, the in- 20 

vention resides in the novel construction, com 
bination and arrangement of parts, the essential 
features of which are hereinafter fully described 
in the following speci?cation, are set forth in the 
appended claims, and are illustrated in the ac- 25 
companying drawings, in which: 
Figure 1 is a front elevational view of my im 

proved steam generator. . . 
Figure 2 is a rear elevational view of the same. 
Figure‘ 3 is a vertical longitudinal sectional 30 

view. . 

Figure 4 is a horizontal sectional view taken 
on a plane just above the soot blower shown in 
Figure 3. ‘ 
Figure 5 is a horizontal sectional view taken 35 ' 

on the plane just below the bottom of the lower V 

drum. I . 

Figure .6 is a vertical transverse sectional view, 
the left half of this view'being taken forward of 
the bridge wall, and the right half taken rear- 40 
wardly of the bridge, wall. _ 

. Figure '7 is an enlarged detail horizontal sec 
tional view on the line 'I-'=-'l of Figure 3. 
vFigure 8 is»a detail inside_,_elievational view of 

the water wall armor with portioris broken away 45 
and shown in section. . . 
Figure 9 is a detail horizontal sectional view on 

the line 9-9 of Figure 8. 
Figure 10 is a collective perspective view of a 

pair of coacting water wall armor blocks in _sepa- 50 
rated condition. 
A 'Figure 11 is an enlarged detail vertical .sec 
tional view through the upper drum showing the 
dry steam pan or pipe in side elevation. 
Figure 12 is a horizontal sectional view on the 55 
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line |2-i2 of Figure 11 with one end of the dry 
pan broken away and shown in section. 
Figure 13 is a vertical longitudinal sectional 

view of the modi?ed form of steam generator. ' 
Figure 14 is a detail vertical sectional view 

showing a-modi?ed form of water wall header for 
use in generators equipped with an inclined multi 
ple retort underfeed stoker. 

Figure 15 is a fragmentary vertical transverse 
sectional view of a modi?ed form of superheater. 
Figure 16 is a detail vertical sectional view of 

a modi?ed form of water cooled front wall and 
.?re arch. 

Figure 17 is a vertical transverse sectional view 
taken on the line l'I'--il of Figure 16. 
Figure 18 is a detail vertical longitudinal sec 

tional view of a modi?ed form of water cooler - 
bridge wall. 
Figure 19 is a vertical transverse sectional view 

on the line i9—i 9 of Figure‘ 18. 
Figure 20 is a detail vertical longitudinal sec 

tional view of a further modi?ed ‘form of water 
cooled bridge wall. ‘ 

Figure 21 is a vertical transverse sectional view 
on the line 2l——2l of Figure 20. 
Figure 22 is a front elevational view with parts 

broken away in section of a modi?ed form of 
superheater. ‘ 

Figure 23 is a vertical longitudinal sectional 
view on the line 23-23 of Figure 22. 

Figure 24 is a vertical longitudinal sectional 
view of a further modi?ed form of steam gener 
ator. 

tional view on the line 25-25 of Figure 24. 
Figure 26 is a detail vertical transverse sec 

- tional view on the line 26--26 of Figure 24. , 
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Figure 27 is a‘ still further modi?ed form of 
steam generator. 
Figure 28.1s a detail vertical sectional view of a 

modi?ed form of front water wall header. ' ‘ 
Referring to ‘the drawings by reference char 

' acters, the numeral i0 .designates a foundation on 
which the steam ‘generator is set and which gen? 
erator includes a four side wall and top wall 
structure or setting consisting of a solid refrac 
tory front wall Ii, refractory side walls |2—|2, 
an insulated rear wall i3, and a refractory roof 
or top wall 14. The front, side, and top walls are 
covered by a thickness of insulation. i5, and these 
walls are enclosed in an outer steel casing l6. 

Rising upwardly within the walled structure 
and extending transversely thereof is a refractory ' 
bridge wall H, the same terminating well below 
the roof it, but extending well above the plane of 
the grate i 8 located forward of the bridge wall. 
The bridge wall'divides the interior of the wall 
structure into a forward combustion chamber i 9, 
and arear gas flow compartment 20. The cham 
ber l9 and compartment 20 communicate by rea 
son of the space between the top of the bridge 
wall and the roof of the structure. The combus 
.tion chamber [9 may be ?red by. any of the con- , 
ventional methods, but in the drawings I have 
shown an automatic coal stoker 2 I. 
Extending the length of the wall structure and 

supported independently thereof at the front and 
rear by steel frames, is a top water and steam‘ col 
lecting‘drum 22. The drum 22 is disposed cen 
trally of the wall structure at the top thereof, and 
the exposed portions of the drum are covered by 
insulatingmaterial and the outer steel casing. 
Extending inwardly from the front end of the 
'drum 22 is a water feed pipe 23, the same ter 
minating adjacent the rear end thereof, which 

Figure 25 is a detail vertical transverse sec-v 
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rear end is the coolest portion of the drum by rea 
son of the fact that the heated gases from the 
.furnace or combustion chamber escape from the 
generator at the top rear through, the smoke out 
let 24. 
Mounted within and adjacent the bottom of 

the compartment 20 and extending from a point 
adjacent the bridge wall I‘! to and through the 
rear wall i3 is a bottom water drum 25, the same 
being disposed in vertical alinement with the top 
drum 22. Boiler ‘circulating tubes 26 which may 
be termed primary heating elements connect the 
water and steam drum 22 and the water drum 25. 
The tubes 26 are arranged in rows and are stag 
geredwith respect to the general direction of the 
gas ?ow as shown in Figure 4 and which will be 
more fully explained hereinafter. Certain of the 
outermost tubes or primary heating elements 
designated 26' extend downwardly along the re 
fractory side walls and although they connect 
with the lower drum 25, they act as water wall 
cooling tubes. " » 

In the form of my steam generator shown in 
Figures 1 to 12 inclusive, I employ three spaced 
baffles 21, in the compartment 20, the end two of 
which extend downward from the roof while the 
intermediate bai?e extends upward from the 
?oor. Therend baiiles terminate short of the top 

. of the drum 25 and the intermediate baffle ter 
minates short of the top drum 22 and coact to 

a provide an undulant passage for the smoke in its 
passagefrom the combustion chamber I9 to the 
smoke outlet 24. The three lapping bai’iles ex 

10 

15 

20 

25 

30 

tend transversely of the compartment 20 and pro- ' 
.vide the generator unit with a four pass boiler, 
the circulation‘ path' of the heated gases being 
shown by arrows in Figure 3 of the drawings. In 

' a modi?cation shown hereinafter in Figure 13, 
_ the generator unit includes but two bail‘les which 
_provide a three pass boiler with the escape of 
smoke and gases at the bottom rear of the struc 
ture and which arrangement may be desirable 
under various conditions. 
Water wall tube headers 28 extend substan 

tially the length of the side walls i2—|2 on sub 
stantially the same horizontal level as the grate 
line of the furnace. Water circulating tubes 2! 
connect the bottom water drum 25 with the water 

35 

40 

wall headers'at the rear end thereof, the saidv 
tubes)29 extending from the drum 25 as best seen 
in Figure 6. The rows of tubes 26 disposed rear 
wardly of the plane of the end ba?ie 21 are 
termed downcomers and constitute a rear group 
A of primary heating elements'while those rows 
of tubes 26 forward of the intermediate baiiie 
21- constitute a group B of upcomers or primary 
heating elements. _ 

Furnace water wall tubes 30 connect the top, 
water and steam drum 22 with the headers 26,,and 
are disposed adjacentthe inside of the refrac 
tory side walls. The outside rear boiler tubes are 
distinguished from the other boiler tubes 26 and 
26' by the numeral 36a and they function as 
downcomers or circulating tubes which connect 
the rear ends of the side wall headers 28 with the 
upper water and steam drum 22. These tubes 
3.0 and 30a connect the headers with the.drum 
22 forward and rearward‘respectively of the group 
of outerlintermediate circulating tubes 26'. The 
tubes 30 serve as heating elements and convey 
the water from the headers back up to>the water 
and steam drum 22. The top ends of the water 
wall tubes 30, the outside’ rear boiler tubes 30a 
and the outer circulating tubes 26' are curved 
inwardly and join the drum 22 on a plane army 

60, 
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proximately in horizontal alinement with the axis 
of the drum, whereas the primary circulating 
tubes 26 connect with the drum 22 at its under 
side. The lower ends of the tubes 28 connect 
with the lower drum 25 at a point above the plane 
of its horizontal‘axis while the ‘outermost ‘group . 
‘of tubes 26' connect at or on a plane of said hori 

‘ zontal axis. 
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In this construction of the steam generator 
and the modi?cations to follow, all joints be 
tween integral parts are expanded metal to metal, 
thereby eliminating gaskets, and bolted or screw 
joints. . 

The bottom ends of the water wall tubes 30 
which are-disposed in the furnace compartment 
l9 and their points of connection with the head 
ers 28 are protecmd by an armor wall 3| which 
is cooled by the circulating water in the furnace 
water ~wal1 tubes and headers, all of which con 
stitute an effective clinker chill just above the 
plane of the grate l8. 
The armor wall 3| is constructed of pairs of 

coacting armor wedge blocks 32 and “shown 
in detail in Figure 10. Each armor block is con 
structed of cast iron or super-refractory'mate 
terial and has its outer side provided with a con- . 
cavity 34 which extends the length thereof to 
snugly fit around approximately one-half the cir 
cumference of a water wall tube 30. The inner 
face of each armor block is inclined as at 35, 
and when a pair of coacting armor blocks are in 
serted between a pair of adjacent tubes 30 with 
their coacting inclined surfaces together, they 
are wedged into engagement with respective ad 
jacent tubes 30. The wedge,blocks rest upon the 
headers 28 when fully seated in position and by 
placing them between successive tubes 30, a sub 
stantially continuous armor wall 3| is obtained 
which is easily replaced or renewed from the fur 
nace side. 

In operation of the steam generator so far de 
scribed, it will be understood that any of the con 
ventional ?ring methods may be employed for 
providing the necessary heat within the com 
bustion chamber or furnace IS. The generator 
is supplied with water by the feed pipe 23 which 
water initially enters the top drum 22 and grav 
itates to the bottom water drum 25, headers 28 
and other elements forming part of the circu 
lating system. ‘The heated gases evolved by 
combustion within the furnace or combustion 
chamber I 9, radiate heat to the forward group 
of side water wall cooling tubes 30, and the-water 
cooled surfaces forming the roof-of the combus 
tion chamber-19, all of which induces effective 
steam generation within the secondary heating 
elements. The gases from the combustion cham 
ber 19 pass therefrom through‘ the passage be 
tween the top of the bridge wall l1 and roof into 
the compartment 20 and act upon the primary 
heating elements or tubes 26‘ As previously men 
tioned the tubes 26 are arranged in rows, stag 
gered with respect to the general direction of the‘ 
gas flow from the combustion chamber to the 
gas outlet 24 which is considered a distinctive 
feature in the general design of curved tube 
boilers. As the gases pass over, around and be 
tween the tubes 26, on their way to the gas out 
let 24,,the direction of flow is reversed by the gas 
baffles 21, causing cross.?ow as well as parallel 
?ow, thus obtaining better diffusion of the gases 
with resulting better heat absorption by the tubes 
26. The baffles 21 cause the gas flow to travel in 
an undulant path from the combustion chamber 
l9 to the outlet 24. 

3 
The bailies 21 concentrate the hot gases on 

the heating surfaces, and avoid short circuiting 
of the same. They do not unnecessarily impede 
the free ?ow of heated gases evolved by combus 
tion, for these gases freely pass over and around 
and across the tubes, reversing their direction of 
?ow and becoming thoroughly diffused, thus in 
ducing maximum heat transfer. The heated 
gases sweep the bottom of the top drum 22 and 
the 'top of the lower drum 25 and diminish in 
temperature as they'travel toward the outlet 24. 
It is the heat subjected to the primary heating, 
tubes 26 by thehot gases as they pass over the 
bridge wall that causesithe water to rise in the 
upcomer group B. The forward groupoof tubes 
26 receive the'hottest gases, causing the gener-' 
ation of steam therein, and a decrease in the 

10 

15 

density of ' the water, therebyeinducing upward. 
circulation. 

' The circulation of water in the system after 
heated in the above mentioned manner is for 
ward through the headers 28, upward through 
the secondary heating elements 26' and furnace 
water wall tubes 30 to the top drum 22, upward 
through the front rows of primary heating ele 

20 

25 
merits or tubes 26 (group B) to the top drum 22,,v 
and downward through the rear rows ‘of tubes 26 
(group A) and 30a. to the lower drum 25, back to‘ 
the headers 28 by way of the tubes 29. The rear 
group of tubes 30a act as downcomers or circu 
lators to assist in providing a direct constant sup 
ply of circulating water-for water cooling the 
furnace side walls and thereby inducing a back 
ward and downward circulation in and from the 
upper drum 22. {As previously mentioned, the 
other or intermediate group of outside tubes 26' 
connect with the lower drum and the forward 
tubes of the said group may act as upcomers or 
steam generating tubes while the rear tubes of 
said group may function as downcomers or cir-' 
culating tubes. This system produces in effect, a 
double ring-?ow circulation of water ‘which is 
positive and rapid, which increases heat absorp 
tion, ‘and which maintains a steady water line._ 
With the steam outlet 35 located adjacent the 
rear of the top water and steam drum 22, the 
necessity of internal and steam water ba?les 
usually provided within the water and steam 
drum is eliminated. ' . 
By constructing a steam generator unit in the 

manner hereinbefore set forth wherein all tubes 
are substantially upright and the gas bailles are 
vertical, the accumulation of any material 
amount of soot and dirt thereon is eliminatedand 

' the adhesion thereto of fused'particles of ash is 
retarded. This construction and arrangement of 
parts enables the use of but a single mechanical 
soot-blower element small size generator units’~ 
and facilitates the cleaning of larger units by a 
lesser number of mechanical soot blower elements 
than now used in connection with other. cor 
responding size generator units. In the drawings, 
one mechanical soot blower element 31 is shown, 
which extends inwardly through the rear wall l3 
and terminates adjacent the bridge wall l1. The 
soot blower element 31 passes centrally through 
the right and left banks of tubes 26 as best seen 
in Figure 6 of the drawings, and through the 
baffles 21. The soot blower element is supported 
by bearings which are attached to the inner tubes 
of certain rows of primary steam generating tubes 
or elements 25 at several points throughout the 
length of the element, as required. The soot 
blower element is provided with nozzles which 
direct jets of steam between adjacent rows of 
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tubes, radially from and at right angles to the 
element as it is rotated. The mechanical soot 
blower element such asshown at 31 is old in 
the art so that a detailed description of the same 

not believed necessary. ‘ 
A blow off pipe 38 extends from the bottom rear 

of the‘ water drum 25 and connects with a pipe line 
39, and arranged in the pipe 38 is a blow off valve 
40. Blow oif pipes 4| also extend from the bottom 
rear of the two headers 28 and are joined with 
the blow off pipe line 39, .exteriorly of the gen 
erator unit casing. Blow of! valves 42 are ar 
ranged in the blow off pipes 4|. All of the valves 
40 and 42 are exteriorly disposed relative to the 
generator casing. A blow-off valve 43 is also 
arranged in‘the pipe line 39. One or both ends 
of the- water wall headers 28 may be provided‘ 
with master manhole openings. - 
Extending from the top of the top drum 22 

adjacent the outlet 24 and rearward of the safety 
valve outlet nozzle‘ 36 is a steam outlet nozzle or 
coupling 44. Suspended within the top drum 22 
above the water level thereof is a dry steam pan 
or pipe 45, the same being supported at its ends 
by brackets 46 extending downwardly from the 
topmof the drum. The dry steam pan or pipe 45 
consists of a metal cylinder having perforations 
41 along the top thereof and a stack 48 rising 
upwardly into the nozzle or coupling 44. The 
dry steam pan or pipe is suspended in a slightly 
inclined position so that the stack end is higher 
than the other end. The lower end has two drain 
openings 49 in the bottom thereof. The dry steam 
pan or pipe extends to the rear end of the top 
drum which is swept by the heated gases as they 
pass to the chimney outlet 24. Dry steam from 
the drum 22 enters the dry pan through the open 
ings 41 from where it passes out through the stack 
46 to the superheater now to be explained. 
Connected to the nozzle or connector 44 is 

one end of a pipe'50, the same extending down 
wardly adjacent the exterior of one of the side 
walls l2 and terminating approximately midway 
thereof and to which a short horizontally dis 
posed pipe or manifold 5| is connected by means 
of an elbow 52. The free end of the pipe sec 
tion 5| is closed and joined to this pipe section 
5| are one end of superheater tubes or elements 
53. The tubes or elements 53 extend transversely 
within the compartment 20 just rearward of the 
bridge wall and are looped and extended outward 
beyond the same side wall from which they enter 
the compartment. A coupling pipe section or 
manifold 54 receives the return ends of the super 
heater tubes or elements and to which a pipe 
line may be connected to carry the superheated 
steam to any device intended to receive the same. 
To accommodate the superheater tubes or ele 
ments 53 within the compartment 26, adjacent 
rows of the group of tubes 30 and circulating 
tubes 26 are spread apart as seen by reference to 
Figure 3 of the drawings. The superheater tubes 

. or elements 53 are subjected to the intense heat 
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of the heated gases after passing over the bridge 
wall l1, and the heat therefrom transforms the 

. dry steam from the steam drum 22 into super 
heated steam. ' N - 

_In Figure 13 of the drawings, there is shown 
a modi?ed construction of' steam ‘generator 
wherein the principle of operation is the same as 
that previously described, but which I term a 
three pass boiler with the heated gases expelled 
from the rear bottom instead of at the rear top. 
The'settingis substantially the same as that pre 
viously described and a description of the same 

2,097,268 
is not believed necessary, thus similar reference 
characters hereinbefore referred to will desig 
nate like parts in Figure 13. 
In Figure 13, the numeral 54 designates the top 

water and steam drum, 55 the lowerwater drum, 
and 56 the circulating tubes or primary heating 
elements connecting the drums 54 and 55. The 
tubes 56 are divided into three groups by a pair of 
spaced ba?les 51, one extending downwardly and 
the other extending upwardly. The groups are 
identified as a rear upcomer group C, an inter 
mediate downcomer group D, and a front up 
comer group E. The heated gases of combustion 
take the path indicated by the arrows, and are 
exhausted through an outlet conduit 58 at the 
bottom rear of the setting. Feed water enters 
.the lower drum 55 at the rear through a feed 
pipe 59. 
The interior of the drum 55 is divided into two 

separate compartments by a transverse partition 
60, the C group of tubes 56 entering the rear com 
partment of the drum 55 and the groups D and 
E of said tubes entering the forward compart 
ment thereof. The group C and rear compart 
ment of the drum 55 constitutes an integral 
economizer by which feed water entering the 
generator may be preheated by the gases of com 
bustion before rising to the water and steam 
drum 54 through the upcomer group of tubes C. 
The side wall headers 6| in Figure 13 extend 

rearwardly from the front wall of the setting 
but terminate short of the rear thereof, and 
water wall tubes 62 connect them with the water 
and steam drum 54. Water wall circulating tubes 
63 connect'the front end of the lower drum 55 
with the side wall headers 6|. 
The circulation within the steam generator 

shown in Figure 13 is as follows: Feed water 
enters the rear of the bottom drum through the 
feed pipe 59 then upward through C group of 
tubes 56 to the water and steam drum. From the 
water and steam drum 54, downwardly through 
group D of connecting tubes 56 to lower drum 
55, through tubes 63 to headers 6|, forwardly 
through the headers, thence upwardly through 
water wall tubes 62. The front group E of tubes 
56 act to convey heated water from the front 
end of the drum 55 to the top drum 54, for all 
these 'tubes are swept by the heated gases im 
mediately after the gases pass over the bridge 
wall |'|. ' 

In Figure 14 there is shown a modi?ed form 
of water wall header 64,'the forward end of 
which is downwardly and rearwardly inclined 
to follow the drop of an inclined multiple retort 
underfeed stoker 65. The lower ends of the 
water wall tubes 66 extend at right angle to the 
angle of inclination of the header 64 but said 
lower ends are provided with bends so that the 
major length of the tubes 66 may be vertically 
disposed. . 

In ‘Figure 15, there is illustrated a modi?ed 
form of integral superheater which includes 
superheated tubes 61 which extend radially from 
the top of the water and steam drum 54', and 
downwardly through the roof covering into the 
boiler proper where. they are extended hori 
'zontally and transversely as at 68, then looped as 
at 69, and‘extended horizontally and'transversely 
as at v‘HI. The portions ‘III of the superheater tubes 
extend through a side'wall of the setting and 
radially connect with a superheater header ‘II. 
The superheater tubes may be located between 
adjacent rows of primary circulating tubes 56' 
where they w'ill'be swept by the hot gases from 
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the combustion chamber, or they may be located 
forward of the front row of tubes 56' adjacent 
the bridge wall and thus exposed to the" radiant 
heat of the furnace. By the construction shown, 
it will vbe seen that a minimum amount of steam 
conveying pipes requiring insulation are exposed. 
All joints in the superheater are expanded metal 
to metal thereby eliminating all pipe joints. 
In Figures 16 and 17‘, the numeral ‘I2 desig 

nates a front furnace wall having ?re door open 
ings ‘I3 therein. Supported by the setting of the 
front wall and extending transversely thereof di 
rectly above the ?re door openings, is a front Wa 
ter wall header ‘I4, one or both ends of which 
can be provided with a master hand hole cover 
‘I5 for access thereto. Opposite ends of the front 
water wall header are connected with the side 
water wall headers ‘I6 by vertical pipes or tubes 
11. Extending upwardly from the front water 
wall header ‘I4 are front water wall tubes ‘I8 
which radially connect with the lower periphery‘ 
of the top water and steam drum ‘I9. The side 
water wall tubes 88 extend upwardly from the 
side wall headers ‘I6 and enter opposite sides of 

' the drum ‘I9 in the same manner as described in 
the preceding forms of the invention. 
From the construction shown in Figures 16 and 

1'7, it will be seen that the front water wall header . 
‘I4 and front water wall tubes ‘I8 are arranged in 
the boiler circulation for they are supplied with 
water from the side wall headers. Also, the front 
water wall header ‘I4 ‘not only provides a water 
circulating medium for the front water wall tubes 
‘I8, but it also forms water cooled ?re door varches 

I which eliminate the maintenance of the usual re 
fractory arches. I . 

Figures 18 and 19 illustrate a water cooled 
bridge wall which consists of a refractory tile 
or monolithic ba?ie 88, the bottom of which terl 
minates substantially on the plane of the top of 
the side wall headers 8|. Extending transverse 
ly and disposed directly beneath the ba?ie 88 is 
a header 82, the ends of which terminate in ‘ 
spaced relation to the side wall headers 8| to 
enable lengthwise expansion of the header 82. 
The header 82 is connected to the front end of ' 
the lower water drum- 83 by tube nipple connec 
tions 84 for supplying water to the header 82. 
Extending upwardly from the header 82 and 
passing through the ba?ie 88, are bridge wall 

‘ water cooling tubes 85, the same connecting at 
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their top ends to the bottom periphery of the 
upper water and steam drum 88. By this con 
struction of bridge wall, the ba?ie 88 de?ects the 

. radiant heat of the furnace and hot gases of 
combustion around and away from the front end 
of the lower drum 83, and the highly heated re 
fractory material will also serve to aid ignition 
and complete combustion of the furnace fuel. 
The header 84 and waterlcooled bridge wall also 
provide a non-clinker forming back for a solid 
fuel bed. Cast iron water wall armor may be 
used at the bottom of the refractory bridge wall 
ba?le on top of header 82 the same as previously 
described so as. to form a clinker chill. Further 
more, the water cooled bridge wall is an integral 
part of the boiler and adds e?ective steam gener 
ation surface thereto while protecting the front 
head of the lower drum 83 and making the head 
readily accessible for cleaning purposes and pe 
riodic inspection through openings 81 in a trans 
verse partition 88 which'closes the space between 
the floor of the setting and the header 82. The 
openings 81 are normally closed by doors 89. 

Figures 20 and 21 illustrate a modi?ed form of 
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water cooled bridge wall,‘ and those parts which I 
are identical with corresponding parts shown in 
Figures 18 and 19 are identi?ed by like refer- ‘ 
ence characters. However, in this form, the re 
fractory partition is designated 88' and extends 
upwardly and forwardly into the furnace or com 
bustion chamber 98. The bridge wall water cool 
ing tubes 85’ pass through the upwardly and for 

' wardly curved partition and continue forwardly 
and upwardly and connect radially with the top 
drum 86 adjacent the front wall 9I of the boiler 
setting in the same manner as previously de 
scribed. The functions of the‘ tube header 82, 
connecting ‘tube nipples 84 and drum 83 are the 
same as described in the preceding form'of water 
cooled bridge wall, but in addition to these func 

' tions, the water cooling tubes 85' constitute a 
water cooling arch for the furnace 98, for they 

‘ carry the water from the header 82 upwardly and 
' forwardly. The refractory arch 88' aids in lg 
niting and effecting complete combustion of the 
fuel, while the heated gases pass through the 
spaces-between the arch cooling tubes 85’vwhich 
in this instancealso~ act as a slag screen. 

In Figures 22 and 23 there' is shown a steam 
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generator similar to that shown in Figures 1 to 7 - 
12 with the exception of a modi?ed water cooled 
bridge wall, arch, slag screen, superheater, and 
to show how the side, wall headers may be 
dropped to a plane below the bottom water drum. 
The refractory bridge wall in this form is desig 
nated 92 and after rising vertically a su?icient 
distance to shield the bottom drum and de?ect - 
gases the same extends forwardly and upwardly, 
and terminates in an angularly upwardly exten 
sion 93. a A header 94 extends transversely be-I 
neath the lower drum and connects therewith 
through tubes 95. Water cooling tubes 98, ex 
tend from the header 94 and follow the contour 
of the bridge wall, thence forwardly through the 
‘front wall of the setting where they connect with 
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a header 91, which in turn is connected by tubes I 
98 tothe top water and steam drum. The water 
cooling tubes 98 serve the same purposes as the 
bridge wall water cooling tubes 85 and 85’ here 
inbefore described. . ' 

The superheater tubes 89 extend inwardly of 
the furnace from the headers I88 and I8] dis 
posed exteriorly ‘of the front wall and are in-' 
terposed between the roof of the setting and 
the arched portion of the water cooling bridge 
wall tubes 98. The steam inlet header I88 is 
connected to a pipe I82 which leads to the steam 

'outlet nozzle on the top of the top water and 
steam drum. Depending hangers or brackets I83 
support the inner looped ends of the super 
heater tubes. 
sweep the superheater tubes 99 as they pass 
through the water cooling tubes 98 and ‘rear 
wardly over the‘ arched bridge wall 92 from 
the furnace compartment. - 
In Figures 24 to 26 a. generator constructed 

on the same general principle as that herein 
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The heated gases of combustion _ 
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before described is illustrated but the struc- > 
tural design is somewhat different. This type 
of steain generatorhas been designed for oper 
ation ‘by the use of pulverized fuel and includes 
a low refractory end wall I84 having a burner 
opening I85 therein, while a water cooled bridge 
wall I86 extends inwardly and upwardly there 
from. The bottom water drum I8'I is disposed 
directly above the wall I84 and connects with 
the top drum I88 by the primary circulating 
tubes I89, swept by the heated gases by reason 
of the circuitous path created by the spaced stag 
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~‘er ends of the tubes 

6 
gered baiiies H0. The side water wall headers 
III are disposed adjacent the floor or bottom 
of the combustion chamber H2 and connecting 
the bottom drum I81 with the headers, are con 
necting tubes H3. Water wall circulating tubes 
I it connect the headers II I with the top drum 
I88. Alternate tubes H4 have their lower ends 
extended across the bottom of the furnace com 
partment H2 at an inclined angle as at H5 to' 
connect with the header on the side- opposite to 
which the said tubes rise as best seen in Figure 
26. A smoke outlet H6 is provided in the top 
of the front end wall. The circulation is the 
same as that described in the previous designs, 
of boilers,,but in this design the water'wall cool 
ing tubes III also form a watery cooled floor for 
the combustion chamber H2. The crossing por 
tions H5 of these tubes are inclined to promote 
circulation and for ease in removing soot and 
dirt accumulation within the combustion cham 
ber. ‘ ' 

In_ Figure 27 a still further modi?ed design 
_of generator’ has been illustrated and which is 
*quite similar to the design shown in the preced 
ing form with the exception that in this in 
stance, the side wall headers are on the plane 
with thebottom drum and the front wall H6 
of the setting is provided with vertical water 
cooling tubes II], the upper ends of which con 
nect with the top water and steam drum in the 
same manner as previously described. The low 

H'I extend outwardly 
through the front wall at a down angle and con 
nect with a front water wall header H8 dis 
posed exteriorly of the front wall H6. A header 
H9 extends. transversely of the exterior of the 
rear wall I28 and is disposed on a plane below 
that of the header H8. Tubes I 2| connect the 
headers H8 and H9 and the said tubes extend 
in a ,rearwardly inclined direction to provide 
a water cooled ?oor for the combustion cham 
ber I22. Vertical tubes I23 connect the' header 
H9'with the bottom water drum and the cir 
culation of water is from the bottom drum, 
down through the tubes I23, header H9, tubes 
I2I, header H8, tubes‘ III to the'top drum. 
The side walls below the side water wall head 
ers may be air cooled, the circulating air pro 
viding pre-heated air for combustion. 

In Figure 28, a modi?ed form of front wall 
header H8’ is shown and is connected by the 

7 lower ends of straight vertical tubes H1’ and 
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with the front ends of circulating tubes I 2I’. 
The front wall is recessed or stepped in as at 
I24 to receive the‘ header H8’. This construc 
tion eliminates the angular bend in the front 
water wall tubes shown in Figure,~27. 
From the foregoing description taken in con 

nection with the accompanying drawings, it will 
be understood that this design of boiler or gen 
erator provides a double ring-?ow water cir 
culation with only two drums. One of the prin 
cipal paths of circulation cools the furnace while 
at the same time steam is effectively generated. 
The steam bubbles generated and ascending 
through the ,water in the furnace water wall 
tubes produce a movement in the direction they 
travel; Also, throughout the several modi?ed 
designs of steam boilers or generators herein 
shown and described, all Water wall and boiler 
tubes are vertical substantially throughout their 
lengths to promote rapid circulation, for it is 
well recognized that the path promoting the 
greatest velocity‘ of water- is in a directly ver 
tical path. 

2,097,268 
Whereas, the boiler construction herein shown 

and described embodies single top and bottom 
drums, Ido not wish to be restricted thereto, 
for more than one of such drums may be pro 
vided if desired without departing from the 
spirit of the invention. v 
While I have shown and described several 

modifications of the invention, I wish It to 
be understood that such other designs, alter 
ations and changes as come within the scope of 
the'appended claims may be resorted to if de 
sired. . 

Having thus described the invention, what I 
claim as new and desire to secure by Letters 
Patent of the United States, is:- I 

1. In a steam boiler, a setting having side 
walls, an upper water and steam drum,‘ a lower 
water drum, headers extending horizontally along 
said side walls, tubes connecting said ‘lower 
water drum and said headers, rows of tubes 
constituting primary heating elements extend 
ing downwardly from said upper drum, the rows 
of tubes being staggered relative to each other, 
the ‘outermost tubes extending downwardly ad 
jacent said side walls, certain of said outermost 
tubes being connected to said headers and con 
stituting water circulating tubes to assist in 
providing a constant supply of circulating water 
for water cooling said side walls and- thereby 
inducing a water circulation in and from the 
upper drum, while the other outermost tubes 
and remaining primary heating tubes are con 
nected to said lower drum and constitute steam 
generating tubes. ' 

2. In a steam boiler, a setting having side 
walls, an upper water and steam drum, 2. lower 
Water drum, headers extending horizontally 
along said side walls, tubes connecting said lower 
water drum and said headers, rows of tubes co'n 
stituting primary heating elements extending 
downwardly from said upper drum, the rows of 
tubes being staggered relative to each other, 
the outermost tubes extending downwardly ad 
jacent said side walls, certain of said outermost 
tubes being connected to said headers and con 
stituting water circulating tubes to assist in 
providing a constant supply of circulating water 
for water cooling said side walls and thereby 
inducing a water circulation in and from the 
upper drum, while the other outermost tubes 
and remaining primary heating tubes are con 
nected to said lower drum and constitute steam 
generating tubes, a combustion chamber within 
said setting forward of said rows of tubes, said 
headers extending into said combustion chamber, 
and upcomer tubes connected to said headers 
and rising upwardly within said combustion 
chamber along the side walls thereof and'con 
meeting with said upper water and steam drum. 

3. In a steam boiler, a setting having a smoke 
outlet at the rear thereof, an upper water and 
steam drum extending the length of said setting, 
a bridge wall extending transversely of said set 
ting and dividing the interior thereof into a front 
furnace compartment and a rear primary heating 
compartment, a lower water drum within said 
primary heating compartment, side wall headers 
extending into said furnace compartment and 
said heating compartment, tubes connecting said 
lower drum and said side wall headers, water 
wall tubes rising upwardly from said headers 
and connected with said upper drum, rows of ' 
tubes constituting primary heating elements 
connecting ‘said upper and lower drums, the 
primary heating tubes of one row being'stag 
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gered with respect to the tubes of the next ad 
jacent row, and means for directing heated. 
gases originating in said furnace compartment 
through said primary heating compartment in an 
undulated path to said smoke outlet whereby 
the heated gases pass over and through the 
staggered rows of tubes to effect a breaking up 
and diffusion of the same. ‘ 

4. In a steam generator, a setting having ?re 
door openings in the front thereof, a- water heat 
ing circulating and steam generating system in 
cluding an upper water and steam drum, side 
water wall headers, and water wall tubes con 
necting said upper drum and said side wall 
headers, ‘a front water wall header extending 
transversely of the front wall of said setting on' 
the plane of the top of said ?re door openings 
and providing water cooled ?re door arches for 
said ?re door openings, tubes connecting the 
front ends of said side water wall headers with 
opposite ends of said front wall header, and 
front water wall tubes rising upwardly from 
said front water wall headerv and connected to 
said upper water and steam drum. _ 

5. In a steam generator, a setting, an upper 
water and steam drum, 9, lower water drum, 
tubes connecting said upper and lower drums, 
a refractory bridge wall extending transversely 
of said setting forward of said lower drum, a 
bridge wall header extending transversely of 
said setting, tubes connecting said header with 
said lower water drum, and bridge wall water 
cooling tubes rising upwardly from said header 
and being connected to said upper water and 
steam drum. . 

6. In a steam generator, a setting, a forwardly 
curved upwardly extending bridge wall disposed 
transversely of said setting and dividing the same 
into a forward combustion chamber and a rear 
heating chamber, an upper water and steam drum 
extending the length of said setting, a, lower water 
drum rearward of said bridge wall and connected 
to said upper drum by tubes, a. bridge wall header 
extending beneath said bridge wall transversely 
of said setting, tubes connecting said header with 
said lower drum, and bridge wall water cooling 
tubes extending through said forwardly curved 
bridge wall and disposed substantially parallel 
thereto, said tubes being extended free of said ' 
bridge wall and rising upwardly over said com 
bustion chamber and connecting with the for 
ward end of the upper drum. 

7. In a. steam generator, a setting having a com 
bustion chamber, an upper water and steam 
drum, a lower water drum, tubes connecting said 
upper and lower drums, side water wall headers - 
extending along the inside of the side walls of 
said setting-and disposed within said~=combustion 
chamber, tubes connecting said lower drum and 
said side wall headers, side wall water cooling 
tubes-extending downwardly fromsaid upper 
drum and disposed adjacent the inside of the 
side walls of said combustion chamber, alternate 
‘water cooling tubes on the respective sides of 
‘said combustion chamber extending across said 
chamber and being connected with the headers 
on the opposite sides of said chamber to provide 
an integral furnace hearth within said chamber, 
the other water wall cooling tubes respectively 
connected to the headers on the sides along which 
the said water wall cooling. tubes depend. _ 

8. A steam generator comprising an insulated 
setting having a smoke outlet at the rear top 
thereof, an upper water and steam drum extend 
ing the length of said setting, a bridge wall ex 

7 
tending transversely of said setting and dividing 
the interior thereof into a forward combustion - 
chamber and, a. rear primary heating compart 
ment, a lower water drum within ‘said heating 
compartment and disposed behind said bridge 
wall, rows of boiler tubes connecting said upper 
drum and said lower drum, the tubes of one row 
being staggered relative to the tubes of the next 
adjacent row, water wall headers extending along 
the inside of the side walls of said setting and 
disposed within said.- combustion chamber and 
primary heating compartment, side water wall 
tubes connecting said headers with said upper 
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drum, laterally ‘extending tubes connecting the ' 
rear portions of said headers with said lower 15 
drum, the rearwardly disposed side water wall » 
tubes connecting said headers and upper drum 
constituting downcomers, and the forward water 
wall cooling tubes and forward rows of boiler 
tubes constituting upcomers, and spaced lapping 
baiiles arranged between certain of’ said rows of 
boiler tubes for causing the heated gases from 
said combustion chamber to travel parallel to 
said upper and lower‘drums and intermittently 
parallel to said boiler tubes during the passage of 
the ‘gases to saidsmoke outlet. 

9. A steam generator comprising in combina 
tion, a setting, a. furnace within said setting, an 
upper water and steam drum extending the length 
of said setting, a lower water drum rearward of 
said furnace, water circulating headers extend 
ing along the side walls of said setting substan 
tially the length thereof, the front ends of which 
are disposed within said furnace while the rear 
ends of said headers extend rearward of said fur 
nace, means for circulating feed water from the 
rear of said upper drum to said lower drum and 
back to the front of said upper drum through 
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said water circulating headers, and means for _ 
returning a portion of the water supplied to said 
lower drum from the front portion thereof di 
rectly to said upper drum, whereby to provide a 
double ring-like ?ow of circulating water from 
said upper drum and return. 

10. In a steam boiler, a setting having side 
walls, an upper water and steam drum, a lower 
water drum, headers extending forwardly and 
rearwardly along said side walls, tubes connect 
ing said lower water drum and said headers, rows 
of tubes constituting primary heating elements 
extending downwardly from said upper drum, the 
outermost tubes extending downwardly adjacent 
said side walls, certain of said outermost tubes 
being connected to said headers and constituting 
water circulating tubes to assist in providing a 
constant supply of circulating water for water 
cooling said side walls and thereby inducing a 
water circulation in and from the upper drum. 
while the other outermost tubes and remaining 
primary heating tubes are connected to said 
lower drum and constitute water heating and/or 
steam generating tubes. 

11. In a steam boiler, a setting having side‘ 
walls, an upper water and steam drum, a lower 
water drum, headers extending'forwardly and 
rearwardly along said side walls, tubes connect 
ing said lower water drum and said headers, rows 
of tubes constituting primary heating elements 
extending downwardly. from said upper drum, the 
outermost tubes extending downwardly adjacent 
said side walls, certain of said outermost tubes 
being connected to said headers and constituting 
water circulating tubes to assist in providing a 
constant supply of circulating water for water 
cooling said side walls and thereby inducing a‘ 
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water circulation in and from the upper drum, 
while the other outermost tubes and remaining 
primary heating tubes are connected to said 
lower drum and constitute water heating, and/or 
steam generating tubes, a combustion chamber, 
within said setting forward of said rows of tubes, 
said headers extending into said combustion 
chamber, and upcomer steam generating tubes 
connected to said headers and rising upwardly 
within said combustion chamber along the side 
walls thereof and connecting ‘with said upper 
water and steam drum. 

1,2. In a steam boiler, a setting having side 
walls, an upper water and steam drum, a lower 
water drum, headers extending along said side 
walls, tubes connecting said lower water drum 
and said headers, rows of tubes constituting 
primary heating elements extending downwardly 
from said upper drum, certain of the outermost 
tubes of said rows of tubes being connected to 
said headers and constituting water circulating 
tubes to assist in providing a constantsupply of 
circulating water in and from the upper drum, 
to and through the headers while the other tubes 
are connected with the lower drum and consti-_ 

‘ tute water heating and/or steam‘ generating 
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tubes. 
13. In a steam generator, a setting having 

a smoke outlet at the rear thereof,_an upper 
water and steam drum extending the length of 
said setting, a bridge wall extending transversely 
of said setting and dividing the interior thereof 
into a forward combustion chamber and a rear 
primary heating compartment,‘ a lower water 
drum within said heating compartment and dis 
posed behind said bridge wall, rows of boiler tubes 
connecting said upper drum and said lower drum, 
water wall headers extending along the inside of 
the side walls of said setting and disposed within 
said combustion chamber and primary heating 
compartment, side water wall tubes connecting 
said headers with said upper drum, and tubes 
connecting the headers with the lower drum, the 
rearwardly disposed side water wall tubes con 
necting said headers and upper drum and the 
rear rows of boiler tubes constituting down 
comers, while the forward water wall tubes and 
forward rows of boiler tubes constitute upcomers. 

14. In a steam generator, a setting, a furnace 
chamber within said setting having a grate, a 
water heating and circulating and steam gen 
erating system contained entirely within said 
setting including an upper water and steam drum, 
opposed water circulating headers extending 
along the?respective side walls of said setting 
and extending forwardly into said furnace cham 
her at the grate line .thereof and rearwardly of 
the plane of the front of said lower drum, tubes 
connecting the lower water drum with the rear 
portions of saidheaders, furnace. cooling tubes 
having their lower ends joined to said headers 
by expanded joints and extending upwardly from 
said headers with their other ends connected to 
said upper drum forwardly thereof wherebyvsaid 
headers primarily serve to supply water to the 
furnace cooling tubes and to secondarily pro 
vide a clinker chill at said'grate, and a relatively 
low armor wall disposed inwardly of the side 
wall of the furnace chamber wall and resting 
upon that portion of said headers disposed with 
in said furnace chamber ‘and enclosing the lower 
ends of the furnace cooling tubes to provide a 
non-clinkering surface. ‘ ' 

'15. In a steam generator, a setting, a refractory 
bridge wall extending transversely of said set 
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ting to divide the same into apforward combus 
tion chamber and a rear primary heating com 
partment, an upper water and steam drum ex 
tending the length of said setting, a lower water 
sdrum disposed within said primary heating com 
partment, tubes connecting said upper and lower 
drums, a header extending transversely of said 
setting adjacent said lower drum, tubes connect 
ing' said header with said lower drum, and 
bridge wall cooling ‘tubes closely associated with 
said bridge wall and rising upwardly from said 
header and being connected to said upper water 
and steam drum, those portions of the bridge wall 
cooling tubes disposed'above the plane of the 
top of said bridge wall being exposed to the 
heated gases of combustion as they pass over 
said bridge wall into said primary heating com 
partment. 

16. In a steam generator, a setting, an upper 
water and steam drum, a- lower water drum, an 
upstanding refractory bridge wall extending 
transversely of said setting forward of said lower 
water drum, and tubes for circulating water from 
said upper water and steam drum to said lower 
drum and return, certain of said tubes contacting 
said refractory bridge’ wall for a substantial por 
tion of their lengths for water cooling said re 
fractorybridge wall by subjecting the same to 
the cooling effect of water from said lower water 
drum during its return to said upper water and 
steam drum. ’ ' 

17. In a. steam generator, a setting, a furnace 
within said setting forward thereof, a refractory 
bridge wall at the rear of said furnace and 
rising from the bottom of said‘ setting, a water 
heating circulation and steam generating system 
including an upper water and steam drum, 9. 
lower water drum rearwardly of said bridge wall, 
circulating tubes connecting said upper and lower 
drums, water circulating headers along opposite 
sides of said setting extending rearwardly beyond 
the plane of the front end of said lower water 
drum, tubes directly connectingopposite sides 
of said lower drum with said water wall headers 
rearward of the plane of said bridge wall, super 
heater tubes extending through said setting and 
disposed at the rear side of said bridge wall 
whereby the superheater tubes will be directly 
swept by the gases of combustion passing rear 
ward from said furnace over the top of said 
bridge wall and subjected to the heat radiated 
from said bridge wall, and means connecting 
the inlet ends of said superheater tubes with 
the top of said upper drum. 

18. In a steam generator, 8. setting having a 
forward combustion chamber and a rear heating 
compartment, a smoke outlet at the rear of said 
heating compartment, a longitudinal upper water 
and steam drum, a longitudinal. lower water 
drum within said heating compartment, spaced 
rows of boiler tubes connecting said upper drum 
and said lower drum, water wall headers ex 
tending along the side walls of said setting and 
disposed forward and rearward of the plane of . 
the front end of said lower water drum, tubes 
connecting the rear portions of said headers with 
opposite sides of said lower drum, means for 
circulating water from the forward portions of 
said water wall ‘headers through said combustion 
chamber to said upper water and steam drum, 
and spaced overlapping baiiies arranged between 
certain of said rows of boiler tubes for causing 
the heated gases from said combustion chamber 
to travel in an undulated path to saidsmoke 
outlet. ' 
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‘19. In a steam generator, a setting having a 

front furnace compartment and a rear heating 
compartment, an upper longitudinal water and 
steam drum, a lower longitudinal water drum 
‘within said heating compartment, tubes con— 
necting said upper and lower drums, headers 
disposed along-the side walls of said furnace 
compartment and extending rearwardly beyond 
the plane’ of the front end of said lower drum, 

tubes connecting the rearwardly extending por 
tions of said headers to opposite sides of said 
lower drum, upcomer tubes having their lower 
ends connected to the headers and rising up 
wardly along the inner side walls of said furnace 
compartment and their other ends communicate 
ing with said upper drum. ' ' ' 
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