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UNITED STATES PATENT OFFICE 
2,367,559 

STEAM. GENERATOR 

John Phillips Badenhausen, Philadelphia, Pa. 
Application July 15, 1943, Serial No. 494,794 

(CI. 122-359) Claims. 

This invention relates to steam generators and 
more particularly to steam generators which are 
particularly adapted for the burning of coal or 
Other fuel. 

It is the principal object of the present inven 
tion to provide improvements in steam generators 
which Will be suitable for use in steam generators 
employed in stationary service and which will 
also be Suitable for use in steam generators em 
ployed in mobile service, in locomotives, and in 
other portable power plants. 

It is a further object of the present invention to 
provide a steam generator which will have a 
rapid and effective circulation and which will be 
efficient in the generation of steam. 

It is a further object of the present invention 
to provide a steam generator which will have a 
high efficiency over a wide range of operating 
loads. 

It is a further object of the present invention 
to provide a steam generator having an improved 
character of arch. 

It is a further object of the present invention 
to provide an improved low-head type of steam 
generating unit. 
Other objects of the present invention will be 
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apparent from the annexed specification and 
claim.S. 
The nature of characteristic features of the in 

Vention will be more readily understood from the 
following description, taken in connection with 
the accompanying drawings forming part hereof, 
in Which: 

Figure 1 is a vertical central sectional view, 
taken from front to rear, of a preferred embodi 
(ment of the steam generator of the present in 
vention; 

Fig. 2 is a vertical transverse sectional view 
taken approximately on the line 2-2 of Fig. 1; 

Fig. 3 is a vertical transverse sectional view 
taken approximately on the line 3-3 of Fig. 1; 

Fig. 4 is a vertical transverse sectional view 
taken approximately on the line 4-4 of Fig. 1; 

Fig. 5 is a horizontal sectional view taken ap 
proximately on the line 5-5 of Fig. 1; 

Fig. 6 is a view on a larger scale of one of the 
arch blocks as seen in front elevation; 

Fig. 7 is a View in end elevation of the arch 
block shown in Fig. 6; 

Fig. 8 is a view on a larger scale of another of 
the arch blocks as seen in front elevation; 

Fig. 9 is a view in end elevation of the arch 
block shown in Fig. 8; 

Fig. 10 is a transverse vertical Sectional view 
showing the application of the present invention 
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to locomotives and taken approximately on the 
line 0-0 of Fig. 11; and 

Fig. 11 is a longitudinal vertical sectional View 
taken approximately on the line - of Fig. 10. 

It will, of course, be understood that the de 
Scription and drawings herein are illustrative 
merely, and that Various modifications and 
changes may be made in the structure disclosed 
Without departing from the Spirit of the inven 
tion. 

Referring more particularly to the dra Wings, in 
which a preferred embodiment of a steam gen 
erator in accordance with the present invention 
is illustrated, a front wall 5 is provided. The 
front Wall 5 is preferably provided, between the 
top and bottom thereof, with a suitable aperture 
6 for the delivery of fuel through the pipe 7 

into the furnace for combustion. Side Walls 8 
and 9 are provided Which extend upwardly from 
the floor 20 and inclined upper wall sections 2 
and 22 extend inwardly toward each other. The 
top wall sections 2 and 22 are preferably con 
nected by a curved top wall portion 23. 
An upper steam and water drum 24 is provided 

and is disposed at right angles to the front wall 
5 and With its longitudinal axis parallel to the 

side walls 8 and 9. The drum 24 preferably 
extends forwardly to and beyond the front wall 
15 upon which it rests. 
A stiffener plate 25 is preferably provided on 

the exterior of the front wall 5 for aiding in the 
support of the front end of the steam and water 
drum 24, 
A pair Of Spaced lower headers 26 and 27 are 

provided in the side walls 8 and 9. The headers 
26 and 27 extend rearwardly from the front wall 
5, parallel to the steam and water drum, then 

inwardly and then again parallel to the steam 
and water drum 24 and are spaced inwardly from 
the side Walls 8 and 9 as at 268 and 27a. The 
Side walls 8 and 9 and the inclined upper Wall 
sections 2 and 22 are preferably lined with banks 
of steam generating tubes 28 and 29 which extend 
from the lower headers 26 and 27, upwardly along 
the Side Walls 8 and 9 and then along the in 
clined Wall sections 2 and 22. The tubes. 28 and 
29 have their interior in communication with the 
interior of the steam and water drum 24. 
A central Wall 35 is provided, transversely dis 

pOSed With respect to the steam and water drum 
24 and intermediate the ends thereof. The cen 
tral wall 35 is preferably constructed of interlock 
ing blocks, particularly if the steam generator is 
intended for mobile service. The wall 35 extends 
upWardly to the desired extent and is spaced from 
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the steam and water drun 24 to permit the paS 
sage of gases thereover, as hereinafter more Iully 
pointed out. The Wall 35 forms the rear boundaly 
of the main combustion Space 36. 
A grate 3 of any prelierred character is pro 

vided, the grate 3 f being inclined downwardly 
from the front Wall lb to the central Wall 35 
and air is admitted through the glate 3i for Con 
bustion of the fuel. An ash collecting Space 38 
is provided below the grate 3. 
An arch 4 U is provided extending for Waldly and 

upwardly from the central Wail, 35 and for Sup 
porting and coolling the arch 40 a plurality of 
panks of steam generating tubes if and 42 are 
provided. Certain of the tubes of these banks, as 
4 i, extend upwardly from the lower header 26 
with S curved portions, then across the Space 
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between the side was 8 and 9 and towards 
the side wail is as at 4 at the desired level Slub 
stantially horizontally, then upwardly along the 
upper portion of the side wall 9 as at 4 i, then 
along the linclined upper Wall Sections 22 and 
into communication W1th the interlor of the 
steam and water drum 24. Others of the tupes 
of the bank of tubes, as at 42, extend from the 
lower header 27 to the correspondling levels then 
across towards the side Wall 8 as at 42. Sub 
stantially horizontally, then upWardly along the 
other Side Wadi its as at 4Z, and then upWardly 
along the inclined Wall portion 21 and into Com 
munication. With the steam and Water drum 24. 

Line substantially horizontal portions 4 f* and 
42 of the tubes of the banks of tupes if and 
A2 are disposed at the respective levels desired 
to space the arch i from the grate 37. 

Refractory pilocks 5U, shown in detail in FigS. 6 
and 7, are provided, and are Supported on the 
substantially horizontal portions 4 and 42 of 
adjacent palls of tubes of the banks of tubes 4 
and 44 to provide the flat stepped portions of 
the arch 40. The biocks 50 include a central body 
portion with upper and lower flat faces 51 and 
52 and with outwardly extending flanges 53 along 
the sides. The flanges 53 are shaped so as to 
contact the substantially horizontal portions 4 
and 42 of the tubes 4 1 and 42 on upper quartel'S 
of the circumference of the tubes 4 and 42 at 
each side and downwardly between pairs of 
spaced tubes 4 and 42. The Spaces between ad 
jacent tubes of different levels are preferably 
bridged by refractory blocks 55 of the type ShoWn 
in Figs. 8 and 9 which have the upper Surfaces 
flat as at 56 and inclined as at 51, have tube 
engaging flanges 58 and 59, have a block engag 
ing fiange 60 along one side thereof, and have 
lower inclined faces 6. 
In the space to the rear of the intermediate 

wall 35 and above the level of the headers 26 
and 27, banks of tubes 65 and 66 are provided 
as illustrated in detail in Fig. 3. The general 
arrangement of the tubes 65 and 66 is generally 
similar to that of the tubes 4 and 2 shown in 
Fig. 2. w 
The tubes 65 and 66 respectively extend up 

Wardly from the lower headers and then Sub 
stantially horizontally across the Space between 
the side walls 8 and 9 and then upwardly as at 
65b and 66b to the steam and water drum 24. 
The substantially horizontal portions 65 and 66 
of the tubes 65 and 66 are spaced and Staggered 
and disposed at different levels to provide a Screen. 
for separating the stream of gases passing there 
OWe. 
A combined boiler and superheater Section is 
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2,367,559 
between the side walls 8 and 9. For this pur 
pase the lower headers 26 and 27 are offset in 
wardly and then extend parallel to the remain 
ing portions of the headers as illustrated in Figs. 
4 and 5 as at 268 and 27a. The Space between 
the walls 8 and 9 at this location is provided 
at the center thereof With banks of steam gener 
atting tubes 68 which extend from the lower 
header 26a to the steam drum 24 therea pove and 
banks of tubes 69 which extend from the lowel 
water header 27 a to the steam drum 24 thereby 
providing convection heat transfer surface and 
additional Steam generating capacity. The SpaceS 
outside the banks 68 and 69 on each side are pro 
vided with banks of superheating tubes 10 which 
are connected to the steam Space of the Steam 
and water drum 24 and to superheater headers 
lf which extend parallel to the Steam and Water 
drum. 24. The gases in passing through this 
portion of the steam generator paSS in part in 
contact with the tubes of the banks of tubes 68 
and 69 and in part in contact with the Super 
heater tubes 70. 
To the rear of the steam generating tubes 68 

and 69 an economizer section T5 is provided for 
extracting further quantities of heat from the 
burning gaSeS. 
The rear end of the steam and Water drum 

24 may be supported in any desired manner. 
For some types of installation adequate Support 
will be furnished by the tubes of the banks of 
tubes 68 and 69 but for other types of installa 
tions a stiffener plate 76, suitably braced, may be 
provided. The stiffener plate 76 preferably has 
a suitable aperture therethrough for the pas 
sage of the gases from the economizer 75 to an in 
duced draft fan 78 which is used for setting up 
the desired draft conditions Within the interior 
of the steam generator. 
In Figs, 10 and 11 the invention is illustrated 

with particular reference to a locomotive boiler 
having a combustion space 36 and a grate 31. 
The locomotive boiler consists of an external 

curved sheet 80 forming the top and sides with 
an internal curved sheet 81 spaced from the ex 
ternal sheet 80 and joined at the bottom to pro 
vide water cooled side walls 8 and 88 and a steam 
and water space 89 at the top. An outer front 
sheet 83 connected to the external sheet 80 and 
an inner front sheet 84 connected to the internal 
curved sheet 8 are also employed. These sheets 
83 and 84 are Spaced to provide a front Wate' 
cooled wall and have a fuel inlet opening 6 
therethrough. The rear end of the firebox has 
the usual tube sheet 85 therein from which fire 
tubes 83 extend forwardly of the locomotive 
in the lusual manner. 
A central wall 35 is also provided which ex 

tends upwardly from the rear end of the grate 37 
and an arch 40 is provided similar to the arch 
heretofore described. Tubes 4 and 42 are pro 
Vided which extend respectively from the Side 
walls 87 and 88 across the space therebetween 
substantially horizontally at the desired levels 
and then upWardly along the side walls 88 and 87 
to the Steam and Water Space 89. Refractory 
blocks 50 are employed for filling the Spaces be 
tween the tubes 4 and 42 at each level and the 
spaces between the tubes at different levels are 
bridged by refractory blocks 57. The gases are 
thus confined and are l'equired to paSS around 
the free edge of the arch 40 and over the top 
theerof before passing into the fire tubes 86. 

It will be noted that the arches 40 are simple in 
provided to the rear of the tubes 65 and 66 and 75 construction, are adequately supported, that the 



2,367,559 
blocks 50 and 55 are cooled and that the tubes 
4 and 43 used for cooling add to the steam gen 
erating Surface. 

I claim: 
1. In a Steam generator, side walls, an upper 

longitudinally extending seam and water drum, 
Spaced lower headers extending parallel to said 
drum, banks of steam generating tubes extending 
from Said headers to said drum and providing side 
wall tubes, banks of tubes each having a lower 
portion extending upwardly from one of said head 
ers and along a side wall having a transverse por 
tion extending substantially horizontally inter 
mediate said drum and said headers, each of said 
tubes also having an upper portion extending up 
Wardly and into communication with said drum, 
each of Said upper portions being respectively dis 
posed on the opposite side from the correspond 
ing lower portion and refractory blocks spanning 
the space between said transverse portions and 
supported by said transverse portions of said 
tubes. 

2. In a steam generator, a front wall having a 
fuel inlet opening, spaced side walls, a top wall 
portion, an upper steam and water drum in said 
top wall portion extending from said front wall 
and parallel to said side walls, spaced lower water 
headers extending parallel to said drum, banks of 
steam generating tubes extending from Said 
headers to said drum and providing side Wall 
tubes, a grate beneath the front portion of said 
steam and water drum, banks of tubes each hav 
ing a transverse portion extending substantially 
horizontally intermediate said drum and Said 
grate and from one side wall to the other side 
wall, each of said tubes also having an upper 
portion extending upwardly along the other side 
wall and into communication. With Said drum, 
and refractory blocks extending between said side 
walls and spanning the Space between said trans 
verse portions of Said tubes and Supported by Said 
transverse portions. 

3. In a steam generator, a front Wall having a 
fuel inlet opening, spaced side Walls, a top wall 
portion, and a grate extending rearwardly from 
said front wall, a transverse central wall at the 
rear of said grate, an upper longitudinally ex 
tending steam and water drum, Spaced lower 
headers extending parallel to said drum, banks of 
steam generating tubes extending from Said 
headers to said drum and providing side wall 
tubes, banks of tubes each having a lower portion 
extending from one of Said headers and along 
one side wall and having a transverse portion 
extending substantially horizontally intermediate 

... said drum and said headers and above said grate, 
said tubes also each having an upper portion 
extending upwardly along the other side wall and 
into communication with Said drum, and refrac 
tory blocks extending between said side walls and 
spanning the space between the transverse por 
tions of adjoining pairs of tubes and supported 
by said transverse portions, said transverse por 
tions of said tubes and said refractory blocks pro 
viding an arch extending forwardly from said 
central wall and above said grate. 

4. In a steam generator, parallel side walls, an 
upper steam and water drum parallel to said 
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Side Walls, spaced lower-headers extending par 
allel to said drum, banks of steam generating 
tubes extending from said headers to said drum 
and providing side Wall tubes, a combustion cham 
ber at the front portions of said side walls and 
banks of steam generating tubes extending from 
Said lower headers to Said steam and water drum, 
Said last last named banks including tube por 
tions extending substantially horizontally and 
from one Side wall to the other side wall and 
then upWardly along said other side Wall and 
to said drum. 

5. In a steam generator, parallel side walls, an 
upper stream and water drum parallel to said 
side Walls, Spaced lower headers extending par 
allel to Said drum, banks of steam generating 
tubes extending from said headers to said drum 
and providing side Wall tubes, said steam gen 
erator having a combustion chamber at the 
front end thereof, banks of steam generating 
tubes extending from said lower headers to said 
Steam and Water drum in a portion of the space 
between said side walls, certain of the tubes ex 
tending from one lower header upwardly along 
the contiguous Side Wall, then Substantially hori 
zontally acroSS the space between the side walls 
and then upwardly along Said other side Wall and 
to Said drum, and certain of the tubes extend 
ingk upwardly along the other side wall, then 
Substantially horizontally across the space be 
tween Said side Walls and then upwardly along 
the side wall opposite said other side wall and to 
said drum. 

6. In a steam generator having a steam and 
water compartment and a combustion chamber, 
side walls and a grate forming Walls of said 
chamber, an arch forming an upper Wall of said 
chamber, said areh comprising spaced steam gen 
erating tubes having portions disposed substan 
tially horizontally in the Space between said side 
walls, and refractory blocks having body por 
tions extending downwardly between said hori 
Zontal portions of Said tubes and projections ex 
tending outwardly from said body portions and , 
in engagement With said horizontal tube por 
tions for supporting said blocks, and steam gen 
erating tube portions connecting said horizontal 
tube portions and said compartment and extend 
ing upwardly along said side walls. 

7. In a steam generator having a steam and 
water compartment, a combustion chamber, par 
allel side walls, a grate forming the lower wall 
of said chamber, and an arch above said grate 
forming an upper wall of said chamber, Said 
arch comprising steam generating tubes uniformly 
spaced in groups at different levels with the tubes 
in each group having Substantially horizontal 
portions extending between said side Walls, re 
fractory blocks carried by adjoining tubes at said 
horizontal portions and extending between said 
side walls, said blocks having body portions ex 
tending downwardly between said horizontal tube 
portions and flanges in supporting engagement 
With said horizontal tube portions, and steam 
generating tube portions connecting said hori 
ZOntal tube portions and said compartment and 
extending upwardly along said side walls. 

JOHN PHILLPS BADENHAUSEN. 


