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UNITED STATES PATENT OFFICE 
2,654,352 

STEAM GENERATOR, SUPPORT AND CASING 
STRUCTURE OF BOX COLUMN CONSTRUC 
TION 

David M. Schoenfeld, Scarsdale, N. Y., assignor 
to Combustion Engineering, Inc., New York, 
N.Y., a corporation of Delaware 

Application February 28, 1952, Serial No. 24,001 
1 Claim. 

1. 
This invention relates to steam generators of 

the boiler furnace type and it has special refer 
ence to Supporting means for steam generators 
that are intended for marine service and that 
have spaced-apart inner and outer casings which 
form air chainbers or air passages surrounding 
the generator heat absorbing elements and 
through which passages the air for combustion 
flows and is heated, by keeping the inner casing 
Cool, before entering the boiler furnace with the 
fuel; the air passages also serving to prevent 
gaSeS front the boiler and furnace from reaching 
the Space outside thereof in the ship. 

Recent requirements for a certain type of ma 
rine steam generator fitted in a ship call for the 
generator supports to resist vertical and/or hori 
ZOntal shock forces equivalent to at least about 
Six times the Weight of the generator. Further 
nore, the requirements call for the total weight 
of the generator and casing to be a practical 
raininnum; also for the casing to withstand a 
comparatively high air pressure within its inner 
portion as well as between its inner and outer 
portions. 
Broadly stated, the object of this invention is 

to provide a novel design of support and casing 
for a marine steam generator which will meet 
tha requirements mentioned above. 

(C. 

O 

A noire Specific object is to provide a boiler . 
Supporting and casing structure which is excep- 8 
tionally Strong and which has a minimum Weight. 

Additional objects and advantages will become 
apparent as the disclosure and description hereof 
proceeds. 
To achieve the foregoing, the Supporting Struc 

ture and Casing have been designed to act as an 
integral unit in the form of two concentric box 
columns. Each of the corner columns, itself a 
Srinaller box column, unites adjacent sides of the 
inner and outer casings. Horizontal girders and 
trusses close the top of the casing structure (ex 
clusive of the flue gas outlet opening) and the 
foundation structure closes the bottom. The 
inner and outer casings are fitted into the result 
ing frame Structure. Horizontal trusses at Suit 
able levels distribute the shock loads between the 
inner and Outer casings. The column verticals 
Withstand the bending action due to the athwart 
ship and fore and aft shock loads, as well as the 
vertical shock loads. The casing panels transmit 
the athwartship and fore and aft shock loads by 
Shear to the boiler base, and also provide the 
Strength required to withstand the shutoff pres 
Sure of the blower which furnishes the air for 
combustion of the fuel fired in the furnace of the 
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boiler. This construction provides a path for the 
shock loading on each item in the boiler from its 
position in the boiler to the four column footings, 
where the shock loads are applied to the boiler 
from the ship framing structure. 
The invention itself will best be understood 

from the following description of an illustrative 
embodiment thereof when taken in conjunction 
with the accompanying drawings, wherein: 

Figure 1 is a front vertical elevation, taken. On 
line - of Fig. 2, of a frame structure for a 
steam generator embodying one form of the in 
vention; the casing panels being removed to more 
clearly show the Structure. 

Figure 2 is a plan view of Fig. 1 (also taken on 
line 2-2 of Fig. 8) showing the structure of the 
Stean generator Casing With the drum removed. 

Figures 3, 4 and 5 are respectively the left, right 
and rear side vertical elevations of the structure 
of the steam generator, taken respectively on 
lines 3-3 and 4-A of Fig. 1 and on line 5-5 
of Fig. 2. 

Figure 6 is a vertical cross section, taken on 
line 6-6 of Figs. 1, 7, 8 and 9 showing the struc 
ture of the left side columns supporting the steam 
and Water separating drun of the Steam gen 
erator; this being the same as the outside struc 
ture of the left corner columns of the inner and 
Outer casing walls. 

Figure 7 is a vertical cross section, taken on 
line T-T of Fig. 2, showing the front side struc 
ture of the front inner casing and rear side of the 
front drum Columns. 

Figure 8 is a vertical cross sectional elevation, 
taken on line 8-8 of Fig. 2, showing the heating 
elements including those of the economizer, of 
the steam generator and of the superheater with 
in the casing and the side walls and floor of fur 
nace, and the water circulation pump and its 
pipe Connections to the steam generator for main 
taining a controlled circulation of the boiler 
Water. m 

Figure 9 is a vertical cross section, taken on 
line 9-9 of Fig. 2, showing the inner side struc 
ture of the rear inner casing and drum columns. 

Figure i0 is a vertical cross section, taken on 
line - 0 of Figs. 1, 2, 7, 8 and 9, showing the 
inside structure of the left side casing columns 
adjacent the drum Supporting columns: these 
columns forming the corners of the inner and 
Outer casing walls. 

Figure 11 is a vertical cross section, taken on 
line - of Figs. 2 and 8, showing the heating 
elements including those of the economizer, of 
the Steam generator and rear wall of furnace and 
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of the superheater within the casing and their 
respective headers and showing the means for 
Supporting and sealing said headers into box 
structures which in turn are supported by the 
Casing structures. 

Figure 12 is a fragmentary portion of Fig.11 
to an enlarged scale showing typical structural 
details for supporting said headers and typical 
structural details for mounting the casing pan 
els on the casing structure: 
Figure 13 is a vertical cross section, taken on 

line 3-3 of Figs. 1, 2 and 8, showing the in 
ner structure of the right side casing columns 
which form the corners of the inner and outer 
casing Walls. 

Figure 14 is a horizontal cross section, taken 
on line 3--4 of Figs. 1, 8 and 11, showing typ 
ical horizontal beams within the casing for stiff 
ening the inner and outer casing walls and rig 
idly tying together the corner columns. 
Figure 15 is a vertical cross section of a frag 

ment of Fig. 8 (at the bottom of left casing wall 
25) to an enlarged scale showing the mounting 
for the main supply header which distributes 
boiler water from the circulation pump to the 
steam generator elements: 
In general the supporting structure and cas 

ing for the steam generator elements are de 
signed to act as a unit. The casing is in the 
form of two concentric boxes providing air cham 
bers therebetween, at the vertical corners of 
which boxes are vertically extending box col 
umns. The sides of these columns which lie be 
tween the inner and outer casing walls are pref 
erably of lattice construction except where oc 
casional plates are required for accommodat 
ing fastenings to other members of the struc 
ture. Their outersides are imperforate plates 
wherever the column forms a part of the air 
tight casing. Corner columns and casings are 
unified through the employment of horizontally 
extending girders. 

Figure 1 shows the front outer casing sup 
porting structure with the casing panels (which 
provide access to the air chambers) removed. 
This front outer support structure comprises the 
left and right vertieal corner columns respec 
tively shown at and 2, together with horizon 
tally extending and vertically spaced apart stiff 
eners 3, 4, 5 and 6, here shown as structural 
steel channels, which are rigidly fastened to the 
outer faces of columns f and 2 by known means. 
The stiffeners 4, 5 and 6 extend to the left be 
yond collini. and over the width of column a 
which mainly supports about half of the load 
of the steam and water drum 8. Said stiffen 
ers are rigidly fastened to column fa. Columns 
and id therefore are in effect a single column. 
Said stiffeners 3, 4 and 5 have plates 9, ?o 

and f respectively fastened on their inner sides 
which plates extend beyond the top and bot 
tom of stiffeners 4 and 5 and the bottom of 
stiffener 3 to form ledges as shown, against 
which ledges the removable casing panels are 
fastened as by studs and nuts 12. Typical pan 
els will be described at a later point herein. A 
vertical member 13 extends between stiffeners 
3 and 4, and 3 and 5; is fastened to each; and 
divides the two openiiigs between stiffeners and 
columns and 2 into four openings as shown. 
The panel-holding bolts 2 aire placed around 
each of these openings and are fastened to the 
columns and 2 as well as to the plates 9, ?o 
and f. - 

3. Column 2 has an imperforate plate on its 
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front side extending for the full width and 
height to serve as part of the air tight casing 
later to be described. The front face of col 
umn a is of lattice construction for lightness 
as shown by Figs. 1 and 7, and may be made 
up. of angle irons or may be made of a perfo 
rate plate shown in Fig. 3. A further stiffener 
4 extends horizontally across columns f and 

fa, (see Fig. 1) and is fastened to each. Plates 
45; 6, 7 and 8 (again see Fig. 1) are fas 
tened to the rear sides of stiffeners 4, 5, 4 and 
6 respectively. Where they cross column , and 
extend beyond the top and/or bottom of said 
stifferiers' as shown, to form ledges against which 
the removable casing panels providing access to 
the air chamber are fastened as by bolts 2; 
typical parhels being described below. Drum 8 
is mounted in saddle 9 (see Figs. 1, 2, 3, 5, 6, 
7, 9) which is fastened thereto and to the top 
of columns and d. 
Between columns and 2 and stiffeners 5 and 

6 are mounted removable panel structures 20a, 
their location being shown in dashed and dotted 
lines in Fig. 1 and shown in cross section in Fig. 
11. The outer panels 20a adjacent the burners 
2 provide access to these burners. Said burn 
ers 2 (see Figs. 1, 7, 8) are mounted on the in 
side casing 22 (see also Fig. 11) and having 
suitable openings to establish communication 
between the space defined by the inner and outer 
casings and the interior of the inner casing for 
the passage of heated combustion supporting 
air from said space into the interior of the in 
ner casing; and the central fuel pipes of these 
burners 2? extend through said adjacent cas 
ing panels 20a. The outer panels 20a, sur 
rounding the Space occupied by the burners, are 
mounted as by bolts f2, onto the lower ledge if 
of stiffener 5 (see Fig. 1), the upper ledge 7 of 
stiffener 6 (see also Fig. 1) and the front faces 
of columns and 2. 

Figure 2 is a plan view of the Fig. 1 boiler 
with the drum 8 shown in dashed and dotted 
lines (in order to achieve greater clarity in rep 
resenting the boiler parts beneath the drum). 
From Fig. 2; it will be seen that the four col 
lumns f, 2, 23 and 24 constitute the four corners 
for the outer and inner casing walls of the steam 
generator. The reference numbers for the outer 
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casing walls are 26 for the front wall, 25 for the 
left side wall, 26 for the rear wall, and 27 for 
the right side wall. The equivalent or corre 
sporiding inside walls are 28, 29, 30 and 3 (see 
again Fig. 2); Said inner Walls 29 and 3 being 
offset vertically as shown in Fig. 8. 
The airspaces between left walls 25 and 29 and 

between right walls 27 and 3 are open at the 
top (Fig. 8) ; while the air spaces between front 
walls 29 and 23 and between rear walls 26 and 
30 are closed at the top by plates 32, 33 re 
spectively (see Fig. 11). Moreover, the tops of 
columns 2 and 24 (shown at right of Figs. 1-2) 
are open at the top, while the tops of columns 
, fa, 23 and 23a (shown at left of Figs. 1-2) 
are closed by the plates 32a, 33a respectively 
(again see Figs. 1-2). It also will be noted that 
the saddles 9, 19 (see Figs. 1, 3, etc.) support 
ing the drum 8, fasten to and are supported by 
bracket members 49 (Figs. 10, 3 and 2) extend 
ing from the tops of columns fa and 23a and 
further fasten to vertical members 34 extend 
ing upwardly on the right side of columns and 
23 (Figs. 1,2 and 10). 
From Figs. 2 and 8 it will be seen that flanges 

35, 36 and 37 are provided at the top edges of 
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was 29, 3 and 27 respectively, and that onto 
these walls the respective casing walls 38, 39 and 
40 of an economizer 4 are fastened and Sup 
ported (Fig. 8). The left economizer wall 38. 
rests upon and fastens to seal plate 35a (FigS. 
2 and 8). The top flange of outside front wall 
stiffener 3 (Fig. 8) and the top of outside rear 
wall 26, fasten to and Support the respective cas 
ing wall panels 42, 43 of economizer A (Fig. 1) 
and inside walls 28 and 3 fasten to and Support 
the economizer casing Walls A4, 45, respectively. 
The economizer is principally supported by the 
casing walls is, 5 through which the return 
bends 4 of the economizer's tubular elements 4 
project (see Fig. 1). 

Figure 3 shows the left side of columns d and 
23d to be of lattice construction for lightness. 
They are tied together at the top by channel 48. 
Bracket members 9, behind channel 48, support 
the saddles 9 and their Superimposed drum & 
(see also Fig. 10). Imperforate plates 50, 5, 33a 
and 52 extend from the left side to the right side 
of column 23d. (at right angles to the plane of the 
paper in Figs. 3 and 6) to form an air intake con 
duit leading into the air Spaces of the casing; said 
air intake conduit being shown in Fig. 4 (at up 
per left portion thereof). Said plates connect 
to the walls 25, 26 (Fig. 14) and to the plate 53 
on the left face of column 23 (Fig. 6). The 
former Structure for Supporting the renovable 
casing panels Will be described in the reference 
to Fig. 6. 

Figure 4 shows the Supporting structure of the 
right side outer casing wall of the steam gen 
erator. 
plates on their outer Sides which serve as part 
of the outer air tight casing Wall 2 (Figs. 2 and 
8). As in Fig. 1, the casing panels which pro 
vide access to the air chamber between the in 
ner and Outer Walls are removed (to clarify rep 
resentation) and the casing Supporting structure 
comprises horizontally extending and Vertically 
Spaced apart stiffeners 54, 55, 56, 57, 58 and 59, 
here shown as structural steel channels, which 
are rigidly fastened to the Outer faces of columns : 
2 and 24. The stiffeners have plates 6, , , S2, 
63, 64, 65 respectively fastened on their inner 
sides which plates extend beyond the top and/or 
bottom of the stiffeners to form ledges as shown, 
against which the removable casing panels of the 
Outside right Wall 2 (Fig. 8) are fastened as by 
botS 66. 

Wertical members 6 extend between the stiff 
elers Whee SiOW and are fastened thereto and 
divide each of all but one of the openings be 
tween the Stiffeiners and columns 2 and 24 into 
tWo Openings as ShoWn. The panel-holding bolts 
38 are placed around each of these openings and 
are fastened to the columns 2 and 24 as well as 
to said plates and vertical member 5. 

Figure 5 shows the Supporting structure of the 
rear outer casing of the steam generator. Col 
umn 24 has an in perforate plate on its outer 
ide Which serves as part of the outer air tight 
casing Wall 2 (Eig. 1). Column 23d, is of lat 
tice construction for lightness on its lower por 
tion and has an in perforate plate 55 on the up 
per portion forming a side of the air intake con 
duit (see Fig. 14) leading into the air spaces of 
the casing. As in Figs. and 4, the casing pan 
els Which provide access to the air chamber Space 
are renoved and the Casing Supporting structure 
comprises horizontally extending and vertically 
spaced apart stiffeners 68, 69, , , 2, 73 here 

Columns 2 and 24 have imperforate & 
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6 
shown as structural steel angle irons (68, 73) 
and channels (69, 70, 7, 72). 
The channels are rigidly fastened to the outer 

faces of the columns 24, 23 and 23a and the angle 
irons are fastened to columns 24 and 23 with their 
outer faces flush. The columns 23, 23a, thus are 
in effect a single column. The stiffeners 69, 70, 

, 72 have plates 4, 75, 76, 77 fastened on their 
inner SideS, which plates extend beyond the top 
and botton of the stifferners to form edges as 
shown; and against these ledges the removable 
casing panels of the outside rear wall 26 (Fig. 
11) are fastened as by bolts 8. Said plates 4, 
5, 6, 77 extend across the width of column 23 
as shown. Wertical members 9 extend between 
the Stiffeners Where shown and are fastened 
thereto and divide the openings between the 
Stiffeners and columns 24 and 23 into a mull 
tiplicity of Openings as shown. Four access 
openings are provided in column 23 as shown. 
Bolts 8 extend around each of these openings 
and are fastened to the columns 23 and 24 as 
Well as to Said plates and vertical members 79. 

Figure 6 shows the left faces of columns and 
23, or the right faces of columns d and 23a, these 
being COmnon to both columns, and Supporting 
Structure of the left side outer casing of the 
steam generator. 
In this View the portions of the adjoining co 

unns d and 23d, other than the intermediate 
common face shown between columns ta and , 
and between 23d, and 23, have been ornitted from 
the drawing. Such Omitted portions are the 
Structural members of the front and rear faces 
of columns a and 23d, which members are at 
right angles to and frame into said common 
faces of CCunns and a shown. 
Fro. Fig. 6 it Will be seen that column has 

an in perforate plate on its outer side which 
Serves as part of the outer air tight casing Wall 
2 (FigS. 2 and 3). Column 23 has an imper 
forate plate 53 on the lower portion of its outer 
Side which serves as part of the air tight casing 
Wall 25. It is of lattice construction for light 
neSS on the upper portion which lies within the 
air intake conduit (see Fig. 14) bounded by the 
impérforate plates 50, 5, 33d, 52 previously re 
ferred to in the description of Fig. 3. As in Figs. 
1, 4 and 5, the casing panels which provide ac 
ceSS to the air chanaber are removed from Fig. 
6 (to clarify representation), except for the low 
ermost one which Fig. 6 does show. 
The casing supporting structure represented 

in Fig. 6 comprises horizontally extending and 
vertically spaced apart stiffeners 80, 8, 8.2, 83, 
84; shown as structural steel members, which 
are rigidly fastened to the sides of columns 
and 23. Stiffening member 83 comprises a plate 
provided With bracers 83a. The aforesaid stiff 
eners have plates 85, 86, 37, 88, 89 (see also Fig. 
8) respectively fastened to their inner sides 
which plates extend beyond the top and/or bot 
ton of the stiffeners to form ledges as shown, 
against which the removable casing panels of 
the outside left Wall 25 (Fig. 8) are fastened. 
Wertical members 9 extend between the stiffen 
ers where shown and are fastened thereto and 
divide each of the upper three openings between 
stiffeners and columns and 23 into two open 
ings as shown. Bolts 9 for holding the Casing 
panels in place are provided around each of 
these openings and are fastened to the columns 
: and 23 as well as to said panel and vertical 
members 90. 
The lowermost casing panel shown at 92 in 



7 
Fig. 6 (see also Figs. 8 and 15) serves as a Sup 
port for the header 93 from which boiler water 
is delivered to the various steam generating ele 
ments; the novel organization of these partS 92 
and 93 being disclosed and claimed by Co-pend 
ing application Serial No. 273,984 filed February 
28, 1952 in the name of Edward W. Ludt for 
“Header Integral. With and Sealed Into Boiler 
Casing.' 
As shown in Figs. 6 and 15 hereof, the header 

93 is welded into the panel plate 92 thereby 
serving as a stiffening member for Said plate 
and providing a communication between the 
outside water delivery pipe 94 to said header and 
the discharge pipes 95, 96 located within the air 
space of the casing. Stuffing boxes as other 
wise required are thereby avoided. 

In Figs. I, 9, 10 and 13 onission has been made 
(as in Fig. 6 and also for purpose of clarifying 
representation) of the portions of the adjoining 
columns such as the structural members of the 
faces which are at right angles to and frame in 
to the backs of the columns represented by those 
drawing views. 
Figure 7 shows the front elevation of inside 

lower casing wall 22 which supports the burner's 
2 and shows the upper casing Wall 28 there 
above (see also Fig. 11). It further shows the 
inner sides of box columns f, d. and 2 to be of 
lattice construction for lightness. 

Figure 9 shows the inside elevation of the in 
side casing wall 3 and the front Sides of the 
box columns 23, 23a and 24 to be of lattice Con 
struction for lightness. The upper portion of 
column 23a has an imperforate plate 5 which 
forms one side of the air intake conduit shown 
in Figs. 3, 5 and 6. 

Figure 10 shows the inside elevation of the in 
side casing wall 29 (Figs. 2 and 8) and the right 
sides of the box columns and 23. The column 
sides are of lattice construction for lightness eX 
cept where plates are required for accommodat 
ing fastenings such as the Structural nenbei'S 
supporting the various headers of the Steal gel 
erating tubes to be described below. 

Figure 13 shows the inside elevation Of the 
lower portion of the inside casing 8 (See FigS. 
2 and 8) and the upper portion of the outside 
casing 27. It shows the left sides of the box 
columns 2 and 24 to be cf lattice construction 
for lightness except where plates 9 and 98 on 
columns 24 and 2 respectively are placed to Sup 
port structural members 99 and 0 supporting 
a steam generator header O to be described 
later. 

Figure 14 shows a typical horizontal group of 
beans 2, 3, 84, 5 located within the Bir spaces of the casing for stiffening the casing 
was and rigidly tying together the corner colt 
umns , 2, 24 and 23 to which they are fastened. 
The beams may be made with Web plates of pe. 
forated steel sheets as shown in beams 02, 10% 
or the beams may be made latticed beans for 
lightness, as shown in beams (83,05. There are 
a multiplicity of similar horizontal groups of 
stiffening beams located within the air Spaces of 
the casing at other vertical locations than the 
one group shown at section fA in FigS. 8 and 11 
that is made up of beams 02, e3, 94 and 5. 
Such groups of beams may occur at other levels 
such as 06, O, G8 shown in FigS. 8 and 11 and 
in Figs. 7, 9, 10 and 13; and a typical fastening 
of said beams to the casings is shown in Fig. 8 
where beam is is fastened to the inner stiffener 
3b and to the outer casing stiffener 58. 
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Figures 8 and 11 show in general the locations 
of the economizer, Steam generator and Super 
heater elements within the casing. The products 
of combustion produced by the burning of fuel 
entering via burners 2 rise from the furnace 2 
to pass upwardly across said elements to generate 
and heat Steam. 
The economizer 4 (Fig. 11) comprises a bank 

of horizontally disposed parallel spaced apart 
tubes 47 interconnected by return bends 46 as 
shown for Serial flow of feed Water therethrough 
from the inlet header 9 to the outlet header 

9. The headers 9, 9 lie between the real 
side economizer casing walls 43, A5; and outlet 
header is connected by a pipe (not shown) to 
the steam and water drum 8. Preferably an air 
intake 49a (Figs. 8 and 11) is provided in the 
casing wall 40 of the economizer; said air intake 
sia being in Supplement to the earlier mentioned 
first air intake for the boiler furnace, which first 
intake is shown at 52 in Fig. 4. 
The secondary evaporator shown by Figs. 8 

and 11 is made in two superimposed sections 
and 2. Each Section comprises a bank of hori 
Zontally disposed parallel Spaced apart tubes 3 
interconnected by return bends for serial flow 
of boiler water from inlet headers 5, S, to out 
let header ft. The headers f : 5, 6, lie be 
tween the rear side generator casing walls 26, 30. 
The Superheater shown by Figs. 8 and 11 at 8 

comprises a bank of horizontally disposed par 
allel spaced apart tubes 9 interconnected by 
return bends 2 for serial foW of Steam there 
through from the inlet header 2 to the outlet 
header 22. 
The priinary evaporator shown at 23 com 

prises a bank of horizontally disposed parallel 
Spaced apart tubes 24 interconnected by return 
bends 25. One end of each of Said tubes 24 
connects into the outlet header 26, as shown 
and the other end bends downwardly to continue 
along the side of the rear inside wall 30 facing the 
furnace 27, thence to pass through wall 30 to 
ente the inlet header 28 adjacent the bottom 
29 of the furnace. 
In Figure 8 are shown the evaporator tubes 

39 lining the left, bottom and right walls re 
Spectively 29, 29 and 3 of the furnace 2. 
These tubes are parallel Spaced tubes connected 
at One end to the inlet header 32 within the air 
Space between the left side walls 25, 29 of the 
Casing and COnnected at the other end to the 
outlet header f within the air space between 
the right side Walls 3, 2. 
The economizer tubes 4 (Fig. 11) pass through 

the rear and front side casing walls 45, 44 re 
Spectively, and are Supported thereby. The sec 
Ondary evaporator tubes 3 are supported by 
members 34 passing vertically between tubes 
through the bank, which members are in turn 
Supported by the relief or riser tubes 35 (see also 
Fig. 8). The Superheater tubes 9 are supported 
by members 36 passing vertically between tubes 
through the bank, which members are in turn 
Supported by the relief or riser tubes 3. The 
primary evaporator tubes 24 are supported at 
One end by outlet header 26 and at the other 
end by pads under the return bends 25 which 
in turn rest upon upper ledges of the inner front 
Wall 22 as shown. 
The Wall tubes 39 (Fig. 8) are supported from 

the headers 32, and by the furnace bottom 
f29. The riser tubes 35, 37 (Fig. 8) through 
which the steam and water mixture from the 
outlet header ?e passes to the drum 8, are Sup 
ported by Said header at the right end and by 
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said drum at the left end. The loads of the 
evaporator banks of tubes il, 2 plus the super 
heater bank of tubes 8 are transmitted by the 
relief or riser tubes 35, 37 to the drum 8 and 
the header 0 of the wall tubes 30. 
The principal supports of the header of aS 

mentioned above are structural members 98, 99 
(Figs. 13 and 12) which are framed into the 
columns 2 and 24. Brackets 38 are fastened as 
by welding, onto the ends of header 0 and rest 
upon the members 98, 99. The remaining head 
ers 32 (Fig. 8) and 5, 6, 7, 2, 22 and 
26 (Fig. 11) are supported in similar mannel 

to that typically shown in Fig. 12 for headers 
6, 2, 22. Each header in Fig. 12, has angle 

members 39 fastened longitudinally thereto ad 
jacent its inner side from end to end as by Weld 
ing. Each header 6 and 22 has angle men 
bers to fastened thereto adjacent its outer side, 
the two angles 40 being fastened together to 
form a gas tight seal therebetween. The angles 
A39 each fasten to a plate 4 extending out 
wardly from the inside casing wall 30 toward the 
headers. 
The inside Wall plates 42 are fastened to 

plates 4f as by Welding to form a gas tight 
Seal therewith. Both plates if and 42 and 
the angles 39, 6 extend for the full width of 
the wall 3 to the adjacent columns 23 and 23 
to which they are fastened. End plates 43 
adjacent the columns 23, 24, close each end of 
the gas tight chamber formed by the headers 
f 6, 22, the associated angles 39, it and plates 
fat, 42 to which they are fastened, as by Weld 
ing. Similar end plates 44 close the chamber 
formed by header 2, the associated angles 33d 
and plates 4fd, i.2a. The end plates 43, 44 
are each provided with holes 45 through which 
bolts pass to fasten them to the Vertical mem 
bers of columns 24 as shown. The fastenings 
of the end plates 43, 44 adjacent column 23 to 
said column 23 are similar to those shown and 
described with relation to column 24. - 
From the above description it will be seen tha. 

all of the elements of the steam generating unit 
comprising the economizer, the evaporator Sec 
tions including those on the furnace Walls, the 
superheater, all of the associated headers and 
the steam and water separating drum are all 
ultimately supported by the corner columns rep 
resented at f-fa, 2, 24 and 23-23a in Fig. 2 
and other ViewS. 
The attachment of the removable casing panels 

to the outside walls is typically shown in Fig. 
12. Typical panels 46 of rear outside wall 26 
comprise plates 4 backed by insulation 48. 
Each plate 4 is strengthened by “hat' or bracer 
sections in the form of members (not shown) 
attached to the outer surface of the plate (in 
the way that members 83a of Fig. 6 are attached 
to plate 83), along which surface they extend 
vertically in spaced relationship. The plates 
AT extend over the ledges formed by plates 4, 
5 which extend beyond the stiffeners 69, 7 
respectively (see also Fig. 5). Studs 8 are fas 
tened to said ledges and pass through holes in 
the yokes 49. By means of nuts on Said studs 
8 bearing against battens 49 as shown, which 

in turn bear against plates 4 (while heeling 
against plates 74, 75), the plates 47 are Snugly 
held against the ledge plates 4, 75. Gaskets 
(not shown) are provided between plates 47 and 
4, 15 to make gas tight joints. A similar con 

struction is used to fasten all of the removable 
casing panels of all the outside casing walls to 
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10 
the Outer Wall casing frame structures. The 
weight of all of said casing panels is thereby 
carried through said frame structure to the cor 
ner Columns. 
The inside casing Walls 28, 29, 30, 3 are di 

vided into fianged panels 28a, 29a, 3Gd, 3d, as 
typically shown in Figs. 8 and 11. These may 
be removable and are generally supported by 
horizontal structural members such as channels 
28b, 29b, 30b, 3 lb which in turn extend to and 
are fastened to and are Supported by the corner 
Columns , 2, 23, 24. 

Controlled circulation (sometimes referred to 
as "forced' circulation) of boiler water through 
the steam generating elementS is accomplished 
by a pump shown at 5 in Fig. 8 and driven 
by a motor or turbine 5. A pipe 52 is con 
nected to the drum 8 and to the pump inlet for 
Supplying of boiler Water, and a pipe 94 Con 
nects the pump discharge to the distribution 
header 93 to the inlet header 32 of Wall tubeS 
30 and delivers water thereto. The relief or 

riser connections 35, 37 between outlet header 
0 of Wall tubes 30 to the drun 3 have already 

been described at an earlier point herein. A 
Water supply pipe 96 connects the distribution 
header 93 (Fig. 8) to the inlet header 6 of 
the evaporator section 2 and a pipe 53 inter 
connects the pipe 96 and the inlet header 5 of 
the evaporator section f . 
The Secondary evaporator Sections 2, dis 

charge Steam and Water via the extension 54 of 
outlet header directly into drum 8. Pipes 
55 adjacent the left Side and rear furnace walls 

(Fig. 8) connect into pipes 95 and into the inlet 
header 28 of the primary evaporator 23 for 
Water Supply thereto. A pipe 56 connects the 
outlet header 26 of the primary evaporator 23 
to the drum 8 for steam and Water discharge 
therethrough. The usual steann Supply connec 
tion from the drum 8 to the Superheater inlet 
header 2 (FigS. 8 and 11) is external of the 
Casing and not shown, but the Weight of this 
Connection is supported by the drum and header 
Which in turn carry said weight to the drum and 
casing columns. 
From the foregoing it has been seen that the 

Complete Steam generator casing provides a novel 
Supporting structure for all the elements of the 
Steam generating unit. The illustrative casing 
and Support Structure here disclosed is capable 
Of resisting vertical and horizontal shock forces 
equivalent to at least about Six times the weight 
of the generator; the casing and generator unit 
are of minimum Weight in construction; and the 
Casing comprises two Spaced apart inner and 
Outer casing Walls (the inner casing itself being 
gas tight) forming a fluid tight compartment 
therebetween on the sides of the unit, vertical 
bOX columns of lattice construction at the cor 
ners of said compartment, and horizontally ex 
tending, vertically spaced stiffening beams and 
girders between columns and casing and fastened 
thereto. 
While One preferred embodiment of invention 

has been here shown and described, it will be 
understood that such disclosure is illustrative 
rather than restrictive and that changes in con 
Struction, combination, and arrangement of parts 
may be made without departing from the spirit 
and scope of the invention as claimed. 
What I claim is: 
A boiler for marine use comprising an upright 

structural steel frame having four upright lat 
ticed columns of rectangular transverse section 
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forming the corners of the frame; horizontally 
disposed latticed beams interconnecting adja 
cent columns - at vertically spaced intervals, the 
inner and outer extremities of the beams corre 
sponding with those of the columns; metallic 
panels disposed adjacent the inner extremities 
of the beams and columns and secured to said 
beams and columns so as to form a fluid tight 
inner casing for the boiler; means forming a bot 
tom for the interior of the inner casing; steam 
generating tubes lining the inner surface of said 
bottom and the lower portion of the inner casing; 
metallic panels disposed adjacent the outer ex 
trenities of the beams and columns and held in 
fluid tight engagement therewith by removable 
clamps secured to Said beams and engageable 
with said panels; a steam and water drum Sup 
ported by two- of said columns and secured to 
said outer panels in a fluid tight manner so that. 
a portion of the drum wall forms a portion of 
the outer casing with the remainder of. Said 
outer casing being made up of said outer panels; 
means sealing the top and bottom of the space 
embraced by said inner, and outer casings; one 
of said columns having an opening for the en 
trance of air; fuel burning means adjacent, the 
lower portion of the frame for introducing fuel 
into the interior of the inner casing, said burn 
ing means having openings for the passage of 
air from the space between the casings into the 
interior of the inner casing; economizer, steam 
generating and superheating serpentine tube 
sections vertically spaced in the upper portion 
of the inner casings; headers for each of said 
tube sections and for the steam generating tubes 
in the lower portion of the casing, said headers 
being positioned within the space between the 
inner and outer... casing and adjacent the place 
where the tubes of the associated tube section. 
passes through the inner wall to connect to said 
headers; angled members extending throughout 
the length of said-headers and welded thereto and 
to an adjacent part of Said columns thereby 
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supporting said headers from said latter columns: 
means. Sealing said headers to the inner casing 
so. as to form a closed chamber encompassing 
the ends of the tubes connected to the respec 
tive headers; the return bends of the economizer 
tubes projecting... through the inner casing wall, 
with the chamber that includes the headers for 
the economizer encompassing the bends at one 
end, and a special fitid tight chamber formed 
to encompass, the 6pposite bends at the other 
economizer end; a single distributing header: at 

into the space between the casings; means pump 
ing water from the steam and water drum into 
said distributing header; tubes extending en 
tirely within said space, and connecting said dis 
tributing header with the inlet headers of the 
steam generating tubes; and fluid conveying 
tubes extending. entirely within said space and 
interconnecting the outlet headers of the econo 

inlet header of superheater tubes with the steam 
and water drum. 

DAVIDM. SCHOENFELD. 
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