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The present invention relates to the construc 
tion and operation of water tube steam boilers, 
which due to their compactness, low head-room 
requirements and relatively Small steaming ca 
pacity are particularly applicable to industrial 
plants and marine installations. 
The general object of our invention is the pro 

scribed which is further characterized by a sub 
stantial reduction in the head-room requirements, 
a relatively low cost of construction, and a ca 
pacity for operation at high ratings with a low 
draft loss, good efficiency and high superheat 
temperatures. A further object is the provision 
Of a furnace construction and arrangement in a 
steam boiler of the character described which is 
adapted for the burning of fuel at high efficiencies, 
and particularly of a fluid fuel, such as pulver 
ized coal, oil or gas, in suspension. A further 
object is the provision of a two drum steam 
boiler of the character described having a highly 
compact and thernally effective arrangement of 
the fluid heating surface thereof relative to the 
boiler furnace and the flow of heating gases 
from the furnace. A still further object is the 
provision of a two drum steam boiler construction 
which is adapted for standardization in a series 
of sizes or classes of different horse power ca 
pacities with little or no variation in the draft 
loss and exit gas temperature throughout the 

A further object is an improved super 

of the character described in which slagging of 
the Superheater tubes is minimized, high steam 
temperatures obtained with a minimum of super 
heater Surface, Superheater tube temperatures 
maintained within safe limits, and a relatively 
flat superheat curve attained. A further specific 
object is the provision of a low cost fluid cooled 
furnace shaped to provide an effective utilization 
of its volume for burning the fuel, and construct 
ed to simplify the boiler supporting structure, 
facilitate the removal of the fuel residue, whether . 
in the form of dry ash or molten slag, and ex 
pedite the fluid circulation through the wall cool 
ing tubes. 
The various features of novelty which charac 

terize our invention are pointed out with par 
ticularity in the claims annexed to and forming 
a part of this specification. For a better under 
Standing of the invention, its operating advan 
tages and specific objects attained by its use, 

55 
reference should be had to the accompanying 
drawings and descriptive matter in which we 

(C. 122-336) 
have illustrated and described preferred embodi 
ments of our invention, 
Of the drawings: 
Fig. 1 is a sectional elevation taken on the 

line -f of Fig. 2 and illustrating one embodi 
ment of our invention; Fig. 2 is a plan section 
taken on the line 2-2 of Fig. 1; Figs. 3 and 
4 are enlarged views of the tube bank baffles 
shown in Fig. 2; Fig. 5 is a vertical section taken 
on the line 5-5 of Fig. 2; Fig. 6 is a vertical 
section taken on the line S-6 of Fig. 5; Fig. 6A 
is an enlarged view of a portion of the furnace 
floor; Figs. 7 and 8 are elevation and bottom views 
respectively of the header connection; Fig. 9 
is an enlarged detail of the partition taken on 
the line 9-9 of Fig. 1; Fig. 10 is a vertical 
section taken on the line O-O of Fig. 9; Fig. ii. 
is a vertical section taken on the line fl-f 
of Fig. 2; Fig. 12 is a vertical section taken on the 
line f2-2 of Fig. 2; Fig. 13 is a vertical section 
taken on the line 3-3 of Fig. 12; Fig. 14 is a 
Sectional elevation of a modified boiler construc 
tion taken on the line 4-A of Fig. 16; Fig. 15 
is a vertical section taken on the line 5 - 5 
of Fig. 14; and Fig. 16 is a plan section taken 
on the line 6- 6 of Fig. 14. 

In the steam boiler embodying our invention 
illustrated in Figs. 1 to 13 of the drawings, 29 
designates an upper horizontally arranged longi 
tudinally extending steam and water drum hav 
ing a Submerged feed water supply connection and 
steam outlets 22 adjacent one end. The drum 2 
is connected to a similarly arranged lower Water 
drum 23 by a vertically inclined bank of bent 
tubes 24 extending between and connected to 
the drums substantially throughout the length 
thereof. The drum 23 is supported on longi 
tudinally spaced cradles 25 and anchored at its 
front end for relatively free longitudinal expan 
Sion and contraction rearwardly. The drums 2 
and 23 and tube bank 24 constitute the main 
steam generating section of the boiler, the weight 
of these parts being almost wholly supported by 
the cradles 25. The drums 20 and 23 and tube 
bank 24 are positioned in a housing having ver 
tical refractory front and rear walls 26 and 2. 
respectively, and a side wall 28 at the outer 
Side of the tube bank relative to the furnace. 
The opposite side wall 29 is laterally spaced a 
Substantial distance from the inner side of the 
tube bank and constructed as hereinafter de 
Scribed. The Walls 26, 2, 28 and 29 thus form 
a boiler housing substantially rectangular in hori 
Zontal cross section, as shown in Fig. 2. . 
The Space between the inner side of the tube 
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2 
bank 24 and the walls 26, 27 and 29 is utilized 
for the boiler furnace or combustion chamber 30 
and is arranged to communicate at its rear end 
with the rear end of the space 2 occupied by 
the tube bank 24. The inner side Wall 33 of the 
furnace chamber terminates short of the rear 
wall 27, and is advantageously formed by a par 
tition comprising a row of longitudinally spaced 
vertical tubes 24a having their upper and lower 
ends connected to the drums 20 and 23 respec 
tively, and forming the innermost row of the tube 
bank 24. The tubes 248 are preferably of larger 
diameter than the tubes 24 in the remaining 
rows and spaced from the adjacent row a greater 
distance transversely of the tube bank than the 
transverse spacing between the remaining rows 
in the tube bank. The tubes 24, as shown in de 
tail in Figs. 9 and 10, have vertical rows of staga 
gered metallic studs 3 extending along oppon 
site sides thereof and projecting into the inter 
tube spaces. To prevent spreading of the tubes 
24s the studs 3 on adjacent tubes are advan 
tageously tied together at points spaced along 
the tubes. At each of these points the studs. On 
adjacent tubes are welded by jump welds to a 
vertical plate 32 positioned between the stud 
rows. The use of the plates 32 facilitates the 
manufacture and assembly of the stud tubes. 
The intertube spaces containing the studs 3 f are 
closed by suitable refractory material 33a applied 
in an initially plastic state and allowed to set. 
The partition or wall 33 so formed extends only 
a portion of the length of the tube bank, leaving 
a Space between its rear end and the rear Wall 27 
through which the furnace chamber and the tube 
space communicate. The tubes 24a receive heat 
On one side by radiation from the furnace cham 
ber and on the opposite side by convection from 
the tube space. . 
The Outer side wall 29 of the furnace chamber 

30 has its inner portion formed in substantially 
the same manner as the inner wall 33 by a row 
of vertically arranged radiantly heated stud 
tubes 34 uniformly spaced throughout. the length 
of the furnace chamber and refractory material 
35 closing the intertube spaces and supported by 
the tube studs, as in Figs, 9 and 10. The tubes 
34 have their lower ends connected to a substan 
tially horizontal header 36 extending longitudi 
nally of the furnace chamber slightly above the 
level of the axis of the mud drum 23 and sup 
ported on longitudinally spaced piers 39. The 
upper portions of the tubes 34 are similarly 
curved and inclined toward the tube bank 24 
and connected into the drum 20 above the level 
of the tubes 24 and at or below the normal water 
level in the drum. The tubes 34 thus define the 

O 

outer side wall and roof of the furnace chamber 
30. One or more layers 37 of insulating mate 
rial are arranged between the outer side of the 
tubes 34 and an outer metallic casing 38. 
The floor of the furnace chamber is defined by 

a row of horizontally inclined radiantly heated 
Water tubes 40 connecting the drum 23 to the 
header 36. The tubes 40, 24a and 34 are sub 
stantially similarly spaced throughout most of 
the length of the furnace chamber and the tubes 
40 are covered and the spaces therebetween 
closed by heat resistant blocks 4, the flat upper . 
Surfaces of which constitute a smooth floor ex 
tending from the front wall 26 to an ash pit 42 
at the rear end of the furnace chamber. The 
blocks 4 are preferably secured to the tubes 40 
by clamps 4 bridging adjacent tubes and cpn 
nected to the blocks 4, as shown in Fig. 6. the 

1,999,084 
furnace floor is supported at transversely spaced 
intermediate points by I-beams 43 extending lon 
gitudinally thereof. 
The combustion chamber 30, with its sides thus 

defined by the tubes 24, 34 and 40 permits the 
use of a Small size furnace and the burning of 
fuel at a relatively high rate of heat release per 
unit of furnace volume. The fuel burning pro 
visions conventionally indicated in Fig. 1 consist 
of a combination fuel burner 5, adapted to burn 

oil or gas, simultaneously or independently. The 
fuel burner is symmetrically arranged in the 
front wall 26 to discharge a stream of fuel hori 
zontally through the furnace chamber toward its 
rear Wall 27. 
The stream of fuel directed toward the rear 

wall of the furnace chamber might cause that 
wall to rapidly erode at high rates of operation 
Or when a fuel having a low fusion ash is burned, 
and in the present construction the inner face of 
the rear wall is advantageously protected by a 
row of transversely spaced vertical cooling tubes 
50, arranged as shown in Figs. 1, 2 and 5. The 
tubes 50 have their lower ends connected to a 
horizontally inclined header 5 having its axis in 
horizontal alignment. with the axes of the floor 
tubes 40 and with the header end adjacent the 
drum 23 connected thereto by a nipple 52. The 
upper portions of the tubes 50 are bent substan 
tially parallel to the tubes 34 and connected in a 
circumferential row to the steam and water drum 
20. The lower ends of certain rear wall tubes 50 
are bent oppositely at opposite sides of clean-out 
openings 53 and inspection or lance openings 54. 
Similar openings are also made in the refractory 
front wall 26. The tubes 50, and header 5 are 
slightly spaced from the rear wall to permit rear 
ward movement thereof on expansion of the 
boiler drums and/or header 36. 

In order to facilitate closing the corner of the 
furnace between the walls 27 and 29, an addi 
tional floor tube 4.0a is provided alongside the 
header 5. The upper surfaces of the header 
5 and tube 40s are protected by a layer of re 
fractory 55. In operation, the floor tubes tend 
to expand axially and move the header 36 later 
ally. The tube 40 being widely spaced from the 
adjacent tube 40 would have little effect on the 
corresponding portion of the header 36. To 
prevent deformation of the tube 40 on expan 
sion thereof and to provide simultaneously 
movement of the headers 5 and 36 on elonga 
tion of the latter, a plate 56 is welded to the 
underside of the header 36 and provided with an 
opening 57 in a portion thereof below the header 
5 into which a lug 58 on the underside of the 
header 5 fits. 
The ash pit 42 in the furnace illustrated ex 

tends across the rear end of the furnace cham 
ber in front of the rear wall 27, in which is formed 
a series of spaced clean-out openings 59 closed 
by doors 60. The ash pit has a refractory floor 
6, side walls 62, and a vertical front wall 63, 
which has a seal joint permitting relative longi 
tudinal expansion of the furnace floor. The last 
pair of floor tubes 40 are connected by a spacer 

0 
One or more fluid fuels, such as pulverized coal, 
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bar 40 welded thereto, as shown in Fig. 6A. A 
seal plate 40 extends downwardly from the lower 
side of the last tube 40. The joints between the 
ash pit Walls' 62 and the header 36 and drum 
23 are protected by a refractory layer, the rear 
portion of the header 36 being studded as shown 
in Fig. 5, to hold the refractory in position. The 
furnace floor may be cleaned by tools inserted 
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through the openings S3 and the fuel residue col 
lected removed from the ash pit through the 
openings 59 at the boiler room floor level. The 
floor and ash pit construction may be changed 
or the ash pit omitted depending upon the char 
acter of the fuel burned and the condition of the 
fuel residue deposited on the furnace floor. 
Where, for example, the fuel burning provisions 
are not intended for burning an ash-forming 
fuel, the ash pit may be omitted and the furnace 
floor continued to the rear wall 2. 

In prior two-drum boiler constructions of the 
general character described, it has been custo 
mary to cause the heating gases to flow horizon 
tally through a single pass longitudinally of the 
convection heated tube bank. Such a construc 
tion is not practical for the basis of a commercial 
line of boilers having different maximum steam 
generating capacities while maintaining Substan 
tially the same draft loss and exit gas tempera 
ture. The addition of steam generating surface 
in such boilers results either in an undesirable 
change in the furnace shape, an undesirable de 
crease in the drum ligament strength, or an in 
crease in the draft loss. The single paSS arrange 
ment is further disadvantageous as it offers Sub 
stantially no flexibility of control of the mass 
flow of heating gases over the tube bank. With 
the present construction, a series of boiler sizes 
with similar tube spacings may be obtained while 
maintaining substantially the same draft loss 
and without changing the furnace transverse 
cross-sectional area and shape, by merely chang 
ing the total number of transverse rows of tubes 
and correspondingly changing the number of 
transverse rows of tubes in each gas paSS. 

In the present construction, as shown in Fig. 
2, the tube bank space 2 is advantageously di 
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vided into a plurality of serially connected gas 
passes 70, if and 72, extending transversely of 
the tube bank and through which a Substantially 
horizontal flow of heating gases is maintained 
from the furnace chamber to a gas outlet 3 in 
the front end of a fiat arch 74 extending between 
the drum 2 and housing wall 28. Sloping baffles 
75 and 76 separate the gas passes , , and 72. 
As shown in Figs. 2, 3, 12 and i3, the baffle 5 
extends between the drums from the inner fur 
nace chamber wall 33 toward the housing wall 
28 terminating short of the latter to permit com 
munication between the gas passes 0 and . 
A pair of tubes 24b at the rear end of the cham 
ber Wall have studs 38 on their outer sides which 
support a layer of refractory material 33 in 
which a notch it is formed to receive the inner 
end of the baffle 5. The baffle 5 is formed by 
superposed rows of tile, as shown in Fig. 12, which 

6 

35 

O 

are held between the last transverse row of tubes 
24 and a transverse row of large diameter tubes 
2c hereinafter described. The Superposed tie 
5a adjacent the furnace chamber wall 33 are 

provided with tongue and groove joints, as shown 
in Fig. 13, to insure a gas-tight wall. The baffle 
76 extends from the housing Wall toward the in 
ner chamber wall, terminating Short of the latter 
to permit communication between the gas passes 

and 72. The metallic plates forming the baffle 
6 are held in position between transverse tubes 

28 by U-clamps 78 secured to adjacent tubes 26. 
The mass flow conditions in the tube space may 
be varied by shifting the baffle 6 to form gas 
passes of successively smaller effective flow areas. 
The steam generating tubes 24 in the first 

gas pass 70 are fewer in number but of greater 
diameter than the tubes in the second and third 

'Fig.11. 
the Superheater is carried by the boiler tubes 

passes 7 and 72. The tubes of the innermost 
rows in the first pass are bent and staggered, as 
shown in Figs, 2 and 11, to form a slag Screen 
across the entrance end of the first pass. The 
remaining steam generating tubes 24 are ar 
ranged in longitudinal rows occupying only about 
one-half of the available space in the first pass. 
The tubes 24 serve as a water Screen for a steam 
Superheater positioned in the first pass between 
the tubes. 24c and the Wa 28. 
The steam Superheater is formed by a series of 

nested single looped tubes 80 arranged substan 
tially parallel to the tubes 24 with their looped 
portions adjacent the drum 20 and their lower 
ends connected to a pair of longitudinally ex 
tending horizontal headers 8 and 82 between the 
drum 23 and wall 28. The headers 8 and 82 are 
partitioned, as indicated in Fig. 2, to divide the 
Superheater into passes for the serial flow of the 
steam therethrough. The header 82 receives the 
Steam to be Superheated at its forward end 
through the tubes 22 and has an outlet 82 formed 
On its rear end for the discharge of the super 
heated steam. The superheater is supported en 
tirely by the drum 23 through longitudinally. 
spaced cantilever beams 83 in which the super 
heater headers are. cradled. The superheater 
tube connections and lower supports are pro 
tected by a layer of refractory 84, as shown in 

The horizontal load of the upper end of 

24 through lugs 85 welded to the boiler tubes and 
Opposite the Superheater tubes, and transverse 
Spacers 86 and longitudinal spacers 86 for hold 
ing the superheater tubes in spaced relation. 
The annount of steam generating surface in 

the first pass is limited to that required to re 
move the slag from the furnace gases and to re 
duce the gas temperature to a value at which 
safe superheater tube temperatures result. 
With only this amount of steam generating sur 
face contacting with the furnace gases prior to 
their reaching the Superheater, only a relatively 
Small amount of superheater surface will be re 
quired to obtain a given steam superheat ten 
perature and a less varying superheat curve will 
result. The use of large diameter tubes in the 
first paSS is desirable With the high gas tempera 
tures present. The use of Small diameter super 
heater tubes in the first pass and steam generat 
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ing tubes in the Second and third passes reduces 
the cost and Space requirements and increases 
the boiler efficiency for a given amount of heating 
surface. The boiler and superheater tubes in 
the first pass can be easily removed and replaced 
from the furnace chamber. 
With the boiler construction described, feed 

Water enters the drum 2 and flows downwardly 
through substantially all of the tubes 24 in the 
gas passes if and 72. A considerable portion 
of the steam is generated in the furnace tubes 
24, 40 and 34 and the tubes 24c in the first pass. 
Fuel is preferably introduced through the front 
Wall into the furnace chamber in a horizontal 
stream and is rapidly ignited and burned in sus 
pension. The heating gases pass rearwardly 
through the furnace chamber and then trans 

60 

versely across the slag and water screen tubes 24 
in the gas pass ). The gases then contact with 
the Superheater tubes 80 and turn around the 
baffle 75 into the gas pass 7. After passing across 
the tubes 24 in the gas pass if, the gases turn 
through the space 87 between the innermost row 
of small diameter tubes 24 and the inner furnace 
Wall 33, the Space 8 insuring proper distribution 75 
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of the heating gases in the passes and 2 and 
minimizing the amount of tube surface therein 
short-circuited. The heating gases tend to rise 
during their passage through the gas passes and 
to prevent by-passing of the lower portions of 
the tubes in the third pass 72, spaced metal strip 
baflies 88 are mounted on the Outermost tubes 
24 in that pass, as shown in Fig. 1, to cause most 
of the gases to turn downwardly below the baffled 
section before reaching the boiler gas outlet 3. 
Dampers 89 control the gas outlet 3. A brick 
wall 90 is constructed at the front end of the 
refractory layer 84 to prevent the heating gases 
entering the space containing the Superheater 
supports. The fluid heating surface in the fur 
nace shown is preferably proportioned in amount 
and exposure to maintain a furnace tempera 
ture such that when a slag-forming fuel is burned 
in suspension, a substantial portion of the parti 
cles of fuel residue deposited on the furnace floor 
will be cooled sufficiently to permit their removal 
in a 'dry' form. 
The steam and water drum 20 contains suitable 

steam and water separating provisons 9 for in 
suring the delivery of substantially dry steam to 
the superheater. The separator is preferably of 
the type disclosed and claimed in a pending ap 
plication of James Fletcher, Serial No. 678,374, 
fled June 30, 1933. 
While the whole vertical load of the drums and 

tube bank is carried by the supports for the mud 
drum, the vertically inclined arrangement of 
the tube bank and offsetting of the drums causes 
a horizontal load which is partly supported by 
the tubes 34 and the floor supports and partly 
by end horizontal beams 92 each having an in 
clined bracket 93 in contact with a similar bracket 
94 on the drum, as shown in Fig. 11. 

In the modification illustrated in Figs. 14 to 6 
the upper and lower drums 20 and 23 have their 
axes substantially in vertical alignment and the 
connecting tubes 24 upright. The inner Wall 
of the furnace 30 is formed by a refractory baffle 
33 supported between the innermost row of Small 
diameter tubes 24 and a row of large diameter 
tubes 24a. The innermost row of tubes 24 is 
laterally spaced from the remaining tube rows a 
substantial distance to provide a gas turning 
space 87 therebetween. The floor, outer side wall 
29, and roof of the furnace are defined by a 
row of longitudinally spaced continuous U-shaped 
tubes 34 having their opposite ends connected to 
drums 20 and 23 respectively. The tubes 34 
line the inner surfaces of the refractory forming 
the floor, outer side wall, and roof. The rear wall 
2 is also lined with continuous U-shaped tubes 
50 connected directly to the drums 2 and 23. 
The furnace construction described, due to the 
large amount of exposed wall cooling surface, is 
especially adapted for the burning of oil and other 
hydrocarbons at extremely high rates of heat 
release per unit of furnace volume, and a suitable 
oil burner 45 is centrally mounted in the front 
wall 26 of the furnace for supplying the fluid 
fuel. 
The space containing the tube bank 24 is also 

divided into serially connected transverse gas 
passes f60, 6, and 62 by refractory bafles 64 
and 65. The baffle, 64 forms a perpendicular 
extension of the rear end of the baffle 33, while 
the baffle 65 extends from the housing wall 28, 
towards, but terminating short of, the baffle wall 
33. The tubes 248 at the outer side of the baffle 
33 are uniformly spaced throughout the length 

of the furnace, extending across the entrance to 
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the gas pass B0. The tubes 24 are similarly dis 
tributed and arranged in all of the gas passes, and 
those in the gas pass 60 provide a water screen 
for the superheater 80. The superheater is 
formed by one or more large diameter looped tubes 
extending horizontally along the Outer side of 
the tube bank in the gas passes 60 and 6, 
with the inter-loop portions thereof supported on 
a series of brackets 8 welded on the Outermost 
row of tubes. 24. The lowermost loop of the 
superheater is connected to the steam outlet tube 
22 of the drum 20, and provided with a drain 
connection 82 at its lowermost point to make 
the superheater self-draining. 
With the above construction a stream of fluid 

fuel is projected horizontally toward the rear wall 
of the furnace, and the products of combustion 
pass rearwardly around the rear end of the baffle 
wall 33 and successively through the heating gas 
passes GO, 6 and 62 to the heating gas outlet 
68. The fluid flow in the boiler circulation sys 
tem will be substantially the same as that de 
scribed in the embodiment illustrated in Figs, to 
13, the flow through the radiant heat absorbing 
furnace tubes and the steam generating tubes in 
the gas pass 60 being upward, while the flow 
through the tubes located in the passes. 6f and 
62 is generally downward. A considerable por 

tion of the steam generated in the tube bank 
Will be in the tubes located in the gas pass f0, 
and the steam outlet 22 from the drum 20 is 
located at the front end of the drum. 
While in accordance with the provisions of the 

statutes We have illustrated and described herein 
the best forms of our invention now known to us, 
those skilled in the art will understand that 
changes may be inade in the form of the boiler, 
furnace and fuel burning provisions disclosed 
without departing from the spirit of the invention 
Covered by Our claims, and that certain features 
of Our invention may sometimes be used to ad 
vantage without a corresponding use of other 
features. 
We claim: 
1. A steam boiler having an upper steam and 

water drun, a lower water drum, a vertically dis 
posed convection heated bank of steam generating 
tubes extending between and connected to said 
drums along the length thereof, means forming a 
furnace chamber laterally adjoining the space 
containing said tube bank and communicating 
therewith at only one end, baffle means extending 
transversely of said tube space and arranged to 
divide said tube space into a plurality of serially 
Connected gas passes extending transversely of 
said tube bank, and means at the opposite end of 
Said furnace chamber for burning fuel in said 
furnace chamber and effecting a substantially 
horizontal flow of heating gases longitudinally 
through said furnace chamber and reversely 
through said serially connected gas passes. 

2. A steam boiler having an upper steam and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to said 
drums along the length thereof, means forming 
a fluid cooled furnace chamber laterally adjoin 
ing. , the space containing said tube bank and 
communicating therewith only at one end, means 
at the opposite end of said furnace chamber for 
burning fuel in Suspension in Said furnace cham 
ber and effecting a Substantially horizontal flow 
of heating gases longitudinally through said fur 
nace chamber and reversely through said tube 
space, and transversely extending baffle means 
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arranged to divide said tube space into a plural 
ity of serially connected gas passes extending 
transversely of said tube bank. 

3. A steam boiler having a substantially rec 
tangular housing, an upper steam and water 
drum, an offset lower water drum, a vertically 
inclined convection heated bank of closely spaced 
steam generating tubes extending between and 
connected to said drums Substantially through 
out the length thereof, a baffle wall separating a 
laterally adjoining furnace chamber from the 
space containing said tube bank and terminating 
at its rear end short of the rear wall of said hous 
ing to provide communication therebetween at 
their rear ends Only, a row of water tubes con 
nected to said drums and in thermal contact with 
said partition, another row of water tubes con 
nected to said drums. and laterally spaced from 
said tube bank and extending along the Outer 
side wall of said furnace chamber, means at the 
front end of said furnace chamber for burning 
fuel in suspension in said furnace chamber and 
effecting a substantially horizontal flow of heat 
ing gases longitudinally through said furnace 
chamber and reversely through Said tube space, 
transversely extending baffle means arranged to 
divide said tube space into a plurality of serially 
connected gas passes extending transversely of 
said tube bank, and said partition and partition 
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cocling tubes being spaced from the adjacent 
tube bank row of tubes a transverse distance 
greater than the transverse distance between the 
longitudinal tube rows in the gas passes laterally 
adjoining said partition. 

4. A steam boiler having an upper steam and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
Said drums along the length thereof, a partition 
defining the inner Side Wall of a furnace chamber 
laterally adjoining the space containing said tube 
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bank and communicating therewith at one end,- 
fuel burning means at the opposite end of said 
furnace chamber, means effecting a Substantially 
horizontal flow of heating gases longitudinally 
through said furnace chamber and reversely 
through said tube space, transversely extending 
baffle means arranged to divide Said tube Space 
into a plurality of serially connected gas passes 
extending transversely of Said tube bank, and 
the tubes of said tube bank in the gas pass open 
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ing to said furnace chamber being of larger diam 
eter than the tubes in the Subsequent gas passes. 

5. A steam boiler having an upper steam and 
Water drum, a lower Water drum, a vertically dis 
posed convection heated bank of Steam generat 
ing tubes extending between and connected to 
said drums along the length thereof, means form 
ing a fluid cooled furnace chamber laterally ad 
joining the space containing said tube bank and 
communicating therewith at one end, said means 
including a row of vertically disposed Water tubes 
laterally spaced from Said tube bank and having 
their upper ends connected to said steam and wa 
ter drum, integral projections on said water tubes, 
refractory, material carried by said tube projec 
tions and defining the outer side wall of said 
furnace chamber, tubes connecting the lower 
ends of said side Wall tubes to Said lower drum, 
and means at the opposite end of Said furnace 
chamber for burning fuel in suspension in said 
furnace chamber and effecting a substantially 
horizontal flow of heating... gases longitudinally 
through said furnace chamber and reversely 

through said tube space and in thermal contact 
with the tubes therein. 

6. A steam boiler having an upper stearn and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
said drums along the length thereof, means form 
ing a fluid cooled furnace chamber laterally ad 
joining the space containing said tube bank and 
communicating therewith at one end, Said means 
including a row of vertically disposed water tubes 
laterally spaced from Said tube bank and having 
their upper ends connected to said steam and Wa 
ter drum, refractory material closing the spaces 
between said water tubes and defining the outer 
side wall of said furnace chamber, a header con 
nected to the lower ends of said water tubes, a 
row of tubes connecting Said header to said lower 
drum, heat resistant material covering and closing 
the Spaces between said last named tubes to de 
fine the floor of said furnace chamber, and means 
at the opposite end of said furnace chamber for 
burning fuel in Suspension in said furnace cham 
ber and effecting a Substantially horizontal flow 
of heating gases longitudinally through said fur 
nace chamber and thence through said tube space 
and in thermal contact with the tubes therein. 

7. A steam boiler having an upper steam and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
Said drums along the length thereof, means form 
ing a fluid cooled furnace chamber laterally ad 
joining the Space containing Said tube bank and 
communicating therewith at one end, said means 
including a row of vertically disposed water tubes 
laterally spaced from said tube bank and hav 
ing their upper ends directly connected to said 
steam and water drum, refractory material clos 
ing the spaces between said water tubes and de 
fining the outer side wall and roof of said fur 
nace chamber, a header connected to the lower 
ends of said water tubes, a row of tubes connect 
ing said header to said lower drum, refractory 
means closing the spaces between and covering 
Said last named tubes to define the foor of said 
furnace chamber, a fluid cooled partition extend 
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ing between said drums adjacent the forward 
portion of Said tube bank and defining the inner 
side wall of said furnace chamber, and means at 
the opposite end of Said furnace chamber for 
burning fuel in Suspension in said combustion 
chamber and effecting a Substantially horizontal 
flow of heating gases longitudinally through said 
furnace chamber and reversely through said tube 
space and in thermal contact with the tubes 
therein. 

8. A steam boiler having an upper steam and 
Water drum, a lower Water drum, a vertically dis 
posed convection heated bank of steam generating 
tubes extending between and connected to said 
drums along the length thereof, a partition de 
fining the inner side wall of a furnace chamber 
laterally adjoining the Space containing said tube 
bank and communicating therewith at its rear 
end, means at the front end of said boiler for 
burning a slag-forming fuel in said furnace 
chamber and effecting a Substantially horizontal 
flow of heating gases rearwardly through said 
furnace chamber and thence through said tube 
Space and in thermal contact with the tubes 
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therein, and means adjacent the rear end of said 
furnace chamber forming a slag Screen across 
the path of flow of the heating gases. 

9. A steam boiler having an upper steam and 5 . 
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water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
said drums along the length thereof, a partition 
defining the inner side wall of a furnace cham 
ber laterally adjoining the space containing said 
tube bank and communicating therewith at One 
end, a row of water tubes connected to said drums 
and laterally spaced from said tube bank and ex 
tending along the outer side wall of said furnace 
chamber, a horizontal header connected to the 
lower ends of said side wall tubes, means at the 
opposite end of said furnace chamber for burning 
fuel in suspension in said furnace chamber and 
effecting a substantially horizontal flow of heat 
ing gases longitudinally through said furnace 
chamber and reversely through said tube space, 
a horizontally extending header along the rear 
wall of said furnace chamber and connected to 
said lower water drum, a row of tubes connecting 
said rear wall header and steam and water drum 
and cooling the rear wall of said furnace chamber, 
and means forming a direct structural connection 
between said side and rear Wall headers. 

10. In a furnace, a wall comprising a row of 
spaced tubes, a multiplicity of metallic studs 
mounted on opposite sides of said tubes and 
projecting into the inter-tube spaces, refractory 
material carried by said studs and closing the 
inter-tube spaces, and means for tying adjacent 
tubes together at a point intermediate their 
length comprising means forming a welded con 
nection between studs on adjacent tubes. 

11. In a furnace, a wall comprising a row of 
spaced tubes, a multiplicity of metallic studs 
mounted on opposite sides of said tubes and pro 
jecting into the inter-tube spaces, refractory ma 
sterial carried by Said studs and closing the inter 
tube spaces, and means for tying adjacent tubes 
together intermediate their length comprising a 
plate extending vertically between the studs on 
adjacent tubes and Welds integrally connecting 
said plate to studs on adjacent tubes. 
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12. In a tubular heat exchanger adapted as a 
part of a furnace wall to transmit to a contained 
fluid the heat received radiantly from fuel burn 
ing in the furnace; said tubular heat exchanger 
having a metallic inner part in contact with the 
contained fluid; and a composite outer structure 
exposed to radiant heat from the burning fuel; 
said outer structure comprising metallic projec 
tions extending outwardly from the inner part, 
and refractory material contacting with the inner 
part and located between the projections, said 
refractory material being of greater, thermal re 
sistance than the material of the remaining struc 
ture, thereby preventing overheating of the ex 
changer metal and contributing to higher furnace 
temperatures, and means for integrally connect 
ing the metallic projections on adjacent tubes. 

13. A steam boiler having an upper steam and 
Water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
said drums along the length thereof, a partition 
defining the inner side wall of a furnace chamber 
laterally adjoining the space containing said tube 
bank and communicating therewith at one end, 
means defining the remaining walls of said fur 
nace chamber and tube space, means at the oppo 
site end of said furnace chamber for burning 
fuel in said furnace chamber and effecting a sub 
stantially horizontal flow of heating gases longi 
tudinally through said furnace chamber and re 
versely through Said tube space and in thermal 
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contact with the tubes therein, ba?e means ar 
ranged to divide said tube space into a plurality 
of serially connected gas passes extending trans 
versely of said tube bank, and a stean super 
heater positioned in the gas pass opening to said 
furnace chamber. 

14. A steam boiler having an upper steam and 
water drun, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
said drums along the length thereof, a partition 
defining the inner side wall of a furnace chamber laterally.adjoining the space containing said tube 
bank and communicating therewith only at one 
end, means defining the remaining walls of said 
furnace chamber and tube space, means at the 
opposite end of said furnace chamber for burn 
ing fuel in said furnace chamber and effecting 
a substantially horizontal flow of heating gases 
longitudinally through said furnace chamber and 
reversely through said tube space and in thermal 
contact with the tubes therein, baffle means ar 
ranged to divide said tube space into a plurality 
of serially connected gas passes extending trans 
versely of Said tube bank, a steam superheater 
positioned in the gas pass opening to said furnace 
chamber, and water tubes in said last mentioned 
gas pass arranged to form a screen between said 
Superheater and said furnace chamber. 

15. A steam boiler having an upper steam and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
said drums along the length thereof, a partition 
defining the inner side wall of a fluid cooled fur 
taining said tube bank and Communicating there 
with only at one end, a row of spaced vertically. 
disposed water tubes laterally spaced from said 
tube bank and connected to said steam and wa 
ter drum, refractory material closing the spaces 
between said water tubes and defining the outer 
side wall of said furnace chamber, a header con 
nected to the lower end of said water tubes, a 
row of tubes connecting said header to said lower 
drum, means closing the spaces between said last 
named tubes and defining the floor of said furnace 
chamber, means at the opposite end of said fur 
nace chamber for burning fuel in suspension in 
Said furnace chamber and effecting a substan 
tially horizontal flow of heating gases longitu 
dinally through said furnace chamber and thence 
through said tube space and in thermal contact 
with the tubes therein, and an ash receiving open 
ing extending transversely of said furnace cham 
ber at the rear of said floor tubes. 

16. A steam boiler having an upper steam and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
said drums along the length thereof, a bottom 
support for said drums and tube bank, means 
forming a furnace chamber laterally adjoining 
the Space containing said tube bank and com 
municating therewith at its rear end, means at 
the front end of said furnace chamber for-burn 
ing fuel in said furnace chamber and effecting 
a substantially horizontal flow of heating gases 
rearwardly through" said furnace chamber and 
forwardly through said tube space, a superheater 
at the outer side of said tube bank having a pair 
of headers arranged parallel to said lower water 
drum and looped tubes connecting said headers 
arranged adjacent said tube bank, means for 
supporting said headers from said lower water 
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drum, and means for laterally supporting said 
looped tubes from said tube bank. 

17. A steam boiler having an upper steam and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
Said drums along the length thereof, means de 
fining a furnace chamber laterally adjoining the 
space containing said tube bank and including 
a row of tubes having one end connected to said 
lower drum and extending laterally from said tube 
bank, a horizontal side wall header connected 
to the other end of said laterally extending tubes, 
means for burning fuel in said furnace chamber, 
a header extending along an end wall of said fur 
race chamber Substantially parallel to said later 
ally extending tubes and connected to said lower 
drum, a row of tubes connecting said end wall 
header to said upper drum, and means forming 
a direct structural connection between said side 
and end wall headers. 

18. A steam boiler having an upper steam and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generat 
ing tubes extending between and connected to 
said drums along the length thereof, a partition 
defining the inner side wall of a furnace chamber 
laterally adjoining the space containing Said tube 
bank and communicating therewith at its rear 
end only, means defining the remaining walls of 
said furnace chamber and tube space, a row of 
tubes connected to said upper drum and laterally 
spaced from said tube bank and extending along 
the outer side wall of said furnace chamber, a 
horizontal header connected to the lower ends 
of Said side wall tubes, a row of tubes extending 
laterally from said lower drum and connecting 
said lower drum to said side wall header, means 
at the front end of said furnace chamber for 
burning fuel in Suspension therein and effecting 
a substantially horizontal flow of heating gases 
rearwardly through said furnace chamber and 
thence through said tube space, a horizontally 
extending header along the rear wall of said fur 
nace chamber and connected to said lower water 
drum, and a row of spaced tubes connecting said 
rear wall header to said upper drum and arranged 
to cool the rear wall of said furnace chamber. 

19. A steam boiler having an upper steam and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generating 
tubes extending between and connected to said 
drums along the length thereof, means defining 
a furnace chamber laterally adjoining the space 
containing Said tube bank and including a row 
of Spaced tubes extending laterally from and con 
nected to Said lower drum, means closing the 
spaces between said laterally extending tubes and 
defining the floor of said furnace chamber, means 
at the front end of said furnace chamber for 
burning fuel in Suspension therein, and an ash 
receiving opening extending transversely of said 
furnace chamber at the rear end thereof. 

20. A steam boiler having an upper steam and 
water drum, a lower Water drum, a bank of steam 
generating tubes extending between and con 
nected to said drums along the length thereof, 
means forming a furnace chamber laterally ad 
joining the space containing Said tube bank and 
communicating therewith at its rear end, means 
at the front end of said furnace chamber for 
burning fuel in said furnace chamber and effect 
ing a substantially horizontal flow of heating 
gases rearwardly through said furnace chamber 
and thence through said tube space, baffle means 
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extending transversely of said tube space and ar 
ranged to divide said tube space into a plurality 
of serially connected gas passes extending trans 
versely of said tube bank, steam superheating 
tubes positioned in the gas pass opening to said 
furnace chamber and at the outer side of said tube 
bank, and means for Supporting said superheat 
ing tubes from said tube bank. 

21. A steam boiler comprising an upper steam 
and water drum, a lower water drum, a vertically 
disposed convection heated bank of steam gen 
erating tubes extending between and connected to 
Said drums along the length thereof, a partition 
forming the inner side of a furnace chamber and 
separating the same from a laterally adjoining 
Space containing said tube bank, means defining 
the remaining sides of said furnace chamber and 
tube space, said furnace chamber and tube space 
communicating at their rear ends only, means at 
the front end of said furnace chamber for burning 
fuel and effecting a substantially horizontal flow 
of heating gases rearwardly through said furnace 
chamber and thence through said tube space, and 
the tubes in the tube rows at the rear end of said 
bank nearest said furnace chamber being spaced 
apart a greater distance than the tubes in the 
remaining rows of said bank to form a slag screen 
between the tubes in the remaining rows and said 
furnace chamber. 

22. A steam boiler comprising an upper steam 
and water drum, a lower water drum, a vertically 
disposed convection heated bank of steam gener 
ating tubes extending between and connected to 
said drums along the length thereof, a partition 
forming the inner side of a furnace chamber and 
separating the same from a laterally adjoining 
space containing said tube bank, means defining 
the remaining sides of said furnace chamber and 
tube space, said furnace chamber and tube space 
communicating at their rear ends only, means 
at the front end of Said furnace chamber for 
burning fuel and effecting a Substantially hori 
zontal flow of heating gases rearwardly through 
said furnace chamber and thence through said 
tube space, the tubes in the tube rows at the rear 
end of Said bank nearest Said furnace chamber 
being spaced apart a greater distance than the 
tubes in the remaining rows of said bank to form 
a slag screen between the tubes in the remain 
ing rows and said furnace chamber, and a steam 
superheater positioned in said tube space at the 
opposite side of said tube bank from said furnace 
chamber. 

23. A steam boiler having an upper steam and 
water drum, a lower water drum, a vertically dis 
posed convection heated bank of steam generating 
tubes extending between and connected to said 
drums along the length thereof and disposed at 
both sides of the plane including the longitudinal 
axes of said drums, a partition forming one side 
of a furnace chamber Substantially wholly at one 
side of the said axial plane and separating the 
same from a laterally adjoining space communi 
cating therewith at Only One end and containing 
said tube bank, means defining the remaining 
sides of said furnace chamber and tube space, 
means at the other end of said furnace chamber 
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for burning fuel and effecting a substantially hori 
zontal flow of heating gases longitudinally 
through said furnace chamber and thence 
through said tube space, and a steam superheater 
positioned in said tube space on the side of Said 
axial plane opposite said furnace chamber. 

24. A steam boiler comprising an upper steam 
and water drum, a lower water drum, a vertically 5 
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8 
disposed convection heated bank of steam gener 
ating tubes extending between and connected to 
said drums along the length thereof, a partition 
forming the inner side of a furnace chamber 
and separating the same from a laterally ad 
joining space containing said tube bank, means 
defining the remaining sides of said furnace 
chamber and tube space, said furnace chamber 
and tube space communicating at their rear ends 
only, a row of tubes connected to said drums and 
laterally spaced from said partition and extend 
ing along the outer side of said furnace chamber, 
means at the front end of Said furnace chamber 
for burning fuel and effecting a substantially 
horizontal flow of heating gases rearwardly 
through said furnace chamber and thence 
through said tube space, and vertical baffle means 
extending from said upper drum to said lower 
drum and arranged transversely of said tube bank 
to divide said tube space into a plurality of se 
rially connected gas passes having a substan 
tially horizontal flow of heating gases therein 
in thermal contact with said tube bank. 

25. In a fluid heater, a furnace boundary 
structure adapted to be exposed in Operation to 
high temperatures and comprising a row of spaced 
fluid heating tubes, a series of metallic projec 
tions mounted on said tubes and arranged to pro 
ject into the intertube spaces, refractory mate 
rial between said projections in contact with said 
tubes and arranged to close the intertube spaces, 
and means for connecting projections on adja 
cent tubes. 

26. In a fluid heater, a separating wall having 
opposite sides adapted to be exposed in operation 
to high temperatures and comprising a row of 
vertically disposed spaced fluid heating tubes, a 
series of metallic projections mounted on said 
tubes and arranged to project into the intertube 
spaces, refractory material between said projec 
tions in contact with Said tubes and arranged 
to close the intertube spaces, and means for In 
tegrally connecting projections on adjacent tubes. 

27. In a fluid heater, a row of spaced fluid 
heating tubes having a series of metallic pro 
jections mounted on and spaced along opposite 
sides of said tubes, and arranged to project into 
the inter-tube spaces, and connecting means be 
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tween projections on adjacent tubes to tie said 
tubes together along their length. 

28. A steam boiler having a pair of horizontally 
disposed upper and lower drums, a bank of ver tically disposed water tubes extending between 
and connected to said drums along the length 
thereof, means forming a longitudinally extends 
ing combustion lane and a heating lane laterally 
adjoining said combustion lane and containing 
said tube bank and communicating with said 
combustion lane at one end thereof, said means 
including a vertically disposed partition extend 
ing along one side of said heating lane and hav 

10 

ing tubes provided with refractory-supporting. 
metallic projections at the heating lane side 
thereof arranged to form a vertically extending 
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recess, a vertically disposed baffle extending 
transversely of said heating lane and fitting into 
the recess in Said partition, and means for burn 
ing fuel in said combustion lane and arranged to 
permit a serial flow of heating gases through said 
combustion and heating lanes. 

29. A steam boiler having a pair of horizontally 
disposed upper and lower drums, a bank of ver 

1 tically disposed water tubes extending between 
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and connected to said drums along the length 
thereof, means forming a longitudinally extend 
ing combustion lane and a heating lane laterally 
adjoining said combustion lane and containing 
Said tube bank and communicating with said 
Combustion lane at One end thereof, said means 
including a row of tubes with refractory material 
therebetween and forming a vertically disposed 
longitudinally extending partition separating 
and forming one side of said combustion and 
heating lanes, means for burning fuel in said 
combustion lane and arranged to permit a serial 
flow of heating gases through said combustion 
and heating lanes, and said partition and parti 
tion-forming tubes being spaced a substantial 
distance from the laterally adjacent tubes of said 
tube bank to provide a heating gas distribution 
space between said partition and tube bank. 
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