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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 chambers 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 from 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-
more, the requirements call for the total weight
of the generator and casing to be a practical
minimum; 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
the reqguirements mentioned above.

10

A more specific object is to provide a boiler -

supporting and casing structure which is excep-
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
smaller 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 cclumn' 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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2

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 {—Ii 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
steam generator casing with the drum removed.

Pigures 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—4 of Fig. 1 and on line 5—5
of Fig. 2.

Figure 6 is a vertical cross section, taken on

line 6——8 of Figs. 1, 7, 8 and 9 showing the struc-
ture of the left side columns supporting the steam
and water separating drum 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—7 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. )

Pigure 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 10 is a vertical cross section, taken on
line 18—{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 11—l 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 peortion 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—I13 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 cuter
casing walls.

Figure 14 is a horizontal cross section, taken
on line 14-—!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.

Flgule 15 is' g vertical cross sectiori of g frag-
mernt of Fig. 8 (at*the bottom of left casing wall
25) to an enlarged scalé showing the mounting
for the main supply header which distributes
boiler water from the ecirculation pump to the
steany generator elements:

In general the supporting structure and cas-
ing for the steam generator elements are de-
signed to act as a unit. The cdsing is in the
form of two concentric boxes providing gir cham-
bers therebetween, at- the vertical corners of
which boxes are vertically extending box col-
umns. The sides of thése columns which lie be-
tween the inner and outer casing walls are pref-
erably of lattice construction except where oc-
casional plates -are requlred for accommodab-
ing fastenings to othier members of the struec-
turé.  Their outersides are imperforate plates
wherever the column forms & 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-~
portmg structure with the casing panels (which
provide access t0 the air chambers) - removed.
This front outer support structure comprises the
left and right vertical _céorner columns respeec-
tively shown at | and 2, togéther with horizon-
tally extending and vertlcally spaced apart stiff-
eners 3, 4, 5 and §, here shown as structural
steel chiahnels, 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 éolumin | and over the width of column ia
which mainly supports about half of the load
of the steam anid water drum 8. Said stiffen-
ers are rigidly fasténed to column fa.- Columns
I and i1a theréfore are in effect a single column.

Said stiffeners 3, 4 and 5 have plates 9, f0
and {[ respectively fastened on their inner sides
whiéh platés extend béyond the top and bot-
tom of stiffeners 4 and 5 and the bottom of
stiffener 3 to form ledges as shown, against
which Iedges the reiovablé casiiig panels are
fasteiied ds by sfuds and nuts 12. Typical pan-
éls - will be described 4t g later point herein. A
vertiéal meémber 13 eéxtends between stiffeners
3 and 4, and 4 and 5; is fastened to éach; and
divides the two opeénitigs betweeén stifferiers and
columns | and 2 into four openings as shown.
The panel-holding bolts 12 ate placed around
éach of these openings and are fastened to the
columils [ arid 2 as well as to the plates 9, 12
and 1.

LIColumn 2 has aii imperforate plate on {t$
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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 Pig. 3. A further stiffener
{4 extends horizontally across columns { and
fa (see Fig. 1) and is fastened to each. Plabes
15; 16; {1 and I8 (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 removablé easing panels providing access to
the air chamber are fastened as by bolts 12;
typical: panels being described below. Drum 8
is mounted in saddle 19 (see Figs. 1, 2, 3, 5, 6,
7, 9 which is fastened thereto and to the top
of columns | and la.

Between columns | and 2 and stiffeners 5 and
6 are mounted removable panel structures 20q,
their loeation being shown in. dashed and dotted
lines in Fig. 1 and shown ih cross section in Fig.
IT. The outer panels 20e adjacent the burners
ZI' provide access to: these burners. Said burn-
ers 21 (see Figs. I, 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 inhto the interior of the in-
ner easing; and the central fuel pipes of these
burners 21 extend through said adjacent cas-
ing- panels 20a. ‘The outer panels 26a, sur-
rounding the space occupied by the burners, are
mounted as by bolts 12, onto the lower ledge if
of stiffener 5 (see Fig. 1), the upper ledge T of
stiffener 6 (see also Fig. 1) and the front faces
of eolumns | and 2.

Figure 9 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).
Frem Fig. 2 it will be seen that the four col-
umns: i, 2, 2% and 24 constitute the four corners
for the outer and inner casing walls of the steam

- generator. The reference numbers for the outer

50

55

60

65

75

casing walls are 20 for the front wall, 25 for the
{eft side wall, 26 for the rear wall, and 2T for
the right side wall. The equivalent or corre-
sponidinig inside walls are 28, 29, 36 and 3{ (see
again Pig. 2); said inner walls 2§ and 31 being
offset vertically as shown in Fig. 8.

The air spaces between left walls 28 and 29 and
between right walls 27 and 3t are open at the
top (Fig. 8); while the air spaces between front
walls 20 and 28 and belween 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
f; g, 23 and 23¢ (shown at left of Figs. 1-2)
dre closeéd by the plates 32a, 33a respectively
(agdin see Figs. 1-2). It also will be noted that
the saddles 19, 19 (see Figs. 1, 3, ete.) support-
ing the drum 8, fasten to and are supported by
bracket members 49 (Pigs. 10, 3 and 2) extend-
ing from the tops of columns fe¢ and 23¢ and
further fasten to vertical members 34 extend-

“ing upwardly on the right side of columns | and

23 (Figs.1,2and 10).
F*rpm Pigs. 2 and 8 it will be seen that flanges
35, 36 and 37 are provided at the top edges of
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walls 29, 31 and 27 respectively, and that onto
these walls the respective casing walls 38, 38 and
40 of an economizer 4f are fastened and sup-
ported (Fig. 8). The left economizer wall 38a
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 28, fasten tc and support the respective cas-
ing wall panels 42, 43 of economizer 41 (Fig. 11)
and inside walls 28 and 39 fasten to and support
the economizer casing walls 44, 45, respectively.
The economizer is principally supported by the
casing walls 44, 45 through which the return
bends 48 of the economizer’s tubular elements 47
project (see Fig, 11).

Pigure 3 shows the left side of columns tq and
23a to be of lattice construction for lightness.
They are tied together at the top by channel 48.
Bracket members 49, behind channel 48, support
the saddles {9 and their superimposed drum 8§
(see also Fig. 10). Imperforate plates 59, 51, 33a
and 52 extend from the left side to the right side
of column 23a (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. 14 (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 removable
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 27 (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 (fo clarify rep-
resentation) and the casing supporting structure
comprises horizontally extending and vertically
spaced apart stiffeners 54, §8, 5%, 57, 68 and 59,
here shown as structural steel channels, which

are rigidly fastened to the outer faces of columns 4

2 and 24. The stiffeners have plates 88, 61, 62,
83, 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 5

outside right wall 27 (Fig. 8) are fastened as by
bolts 68.

Vertical members 87 extend between the stiff-
eners where shown and are fastened thereto and
divide each of all but one of the openings be-
tween the stiffeners and columns 2 and 24 into
two openings as shown. The panel-holding boits
88 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 87.

PFigure 5 shows the supporting structure of the
rear outer casing of the steam generater. Col-
umn 24 has an imperforate plate on its outer

ide which serves as part of the outer air tight
casing wall 2§ (Fig. 11). Column 23¢ is of lat-
tice construction for lightness on its lower por-
tion and has an imperforate plate 58 on the up-
per portion forming a side of the air intake con-
duit (see Pig. 14) leading into the air spaces of
the casing. As in Pigs. 1 and 4, the casing pan-
els which provide access to the air chamber space
are removed and the casing supporting structure
comprises horizontally extending and vertically
spaced apart stiffeners 68, €9, 78, 71, 72, 13 here

Columns 2 and 24 have imperforate ¢
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6
shown as structural steel angle irons (68, 13)
and channels (69, 70, 71, 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, 16,
11, 12 have plates 74, 15, 76, 17 fastened on their
inner sides, which plates extend beyond the top
and bottom of the stiffeners to form ledges as
shown; and against these ledges the removable
casing panels of the outside rear wall 26 (Fig.
11) are fastened as by bolts 78. Said plates 14,
%8, 18, 771 extend across the width of column 23
as shown. Vertical members 79 extend between
the stiffeners where shown and are fastened
thereto and divide the openings hetween the
stiffeners and columns 24 and 23 into a mul-
tiplicity of openings as shown. Four access
openings are provided in column 23 as shown.
Bolts 18 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 1 and
23, or the right faces of columns la and 23a, these
being common to both columns, and supporting
structure of the left side outer casing of the
steam generator. )

In this view the portions of the adjoining col-
umns fa and 23¢ other than the intermediate
common face shown between columns fa and |,
and between 23a and 23, have been omitted from
the drawing. Such omitted portions are the
structural members of the front and rear faces
of columns la¢ and 23a¢, which members are at
right angles to and frame into said common
faces of cclumns | and la shown. '

From Fig. 6 it will be seen that column | has
an imperforate plate on its outer side which
serves as part of the outer air tight casing wall
28 (Figs. 2 and 8). Column 23 has an imper-
forate plate 53 on the lower portion of its ocuter
side which serves as part of the air tight casing
wall 28, It is of lattice construction for light-
ness on the upper portion which lies within the
air intalze conduit (see Fig. 14) bounded by the
impérforate plates 59, 51, 33a, 52 previously re-
ferred to in the description of ¥ig. 3. As in Figs.

-1, 4 and 5, the casing panels which provide ac-

cess to the air chamber 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 ¥Pig. 6 comprises horizontally extending and
vertically spaced apart stiffeners 86, 8i, 82, 83,

" 88; 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, 81, 88, 89 (see also Fig.
8) respectively fastened to their inner sides
which plates extend beyond the top and/or bot-
tom of the stiffeners to form ledges as shown,

~against which the removable casing panels of

the outside left wall 25 (Fig. 8) are fastened.
Vertical members §0 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 §{ 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



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
83 is welded into the panel plate %2 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. 7, 9, 10 and 13 omission has béen made
(a§ in Fig. 6 and also for purpose of clarifying
représentation) of the portions of the adjoining
columns siuich as thé structural mémbers of the
faces which are at right angles to and fréme in-
to the backs of the columns represented by those
drawing views.

Tigure 7 shows the front elevation of inside
lower casing wall 22 which supports the burners
21 and shows the upper casing wall 28 there-
above (see also Fig. 11). It further shows the
inner sides of box columns I, 1¢ and 2 to be of
lattice construction for lightness.

Figure 9 shows the inside elevation of the in-
side casing wall 30 and the front sides of the
pox columns 23, 23a and 24 to be of lattice con-
struction for lightness. The upper portion of
column 28z has an imperforate plate &1 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 28 (Figs. 2 and 8) and the right
sides of the box ¢olumns | 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 members
suvpporting the various headers of the steam gen-
erating tules to be described below.

Tigure 13 shows the inside elevation of the
lower portion of the inside casing 3{ (see Figs.
2 and 8) and the upper portion of the outside
casing 21. It shows the left sides of the box
columns 2 and 24 to be of lattice construction
for lightness except where plates 97 and 98 on
columns 24 and 2 respectively are placed to sup-
port structural members 99 and (08 supporting
5 steam génerator header 101 to be described
later.

Figure 14 shows a typical horizontal group of
beams 192, 183, 104, 195 located within the air
spaces of the casing for stiffening the casing
walls and rigidly tying together the corner col-
umns 1, 2, 24 and 23 fo which they are fastened.
The beams may be made with web plates of per-
forated steel shéets as shown in beams 102, 104
or the beams may be made latticed beams for
‘lightness, as shown in beams 103, 105. There are
a multiplicity of similar horizontal groups of
‘stiffening beams located within the air spaces of
the casing ab other vertical locations than the
one group shown at section {4 in Figs. 8 and 11,
that is made up of beams 162, 103, 104 and 183.
Such groups of beams may occur at other levels
such as 108, 187, {08 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 (87 is fastened to the inner stiffener
21b 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 élements within the casing. The products
of combustion produced by the burning of fuel
entering via burners 21 rise from the furnace {27
to pass upwardly across said elements to generate
and heat steam. ]

The economizer 41 (Fig. 11) comprises a bank
of horizontally disposed parallel spaced apart
tukes AT interconnected by return bends 46 as
shown for serial flow of feed water therethrough
from the inlet header 188 to the outlet header
{18, The headers 188, (19 lie between the rear
side economizer casing walls 43, 45; and outlet
header 110 is connected by a pipe (not shown) to
the steam and water drum 8. Preferably an air
intake 494 (Figs. 8 and 11) is provided in the
casing wall 40 of the economizer; said air intake
492 being in supplement to the earlier mentioned
first air intake for the boiler furnace, which first
intake is shown at 52 in Fig, 14,

The secondary evaporator shown by Figs. 8
and 11 is made in two superimposed sections I
and 112. Fach section comprises a bank of hori-
zontally disposed parallel spaced apart tubes 113
interconnected by return bends f{4 for serial flow
of boiler water from inlet headers 15, 118, to out-
iet header t17. The headers ({5, 11§, ({7 lie be~
tween the rear side generator casing walls 26, 30.

The superheater shown by Figs. 8 and 11 at 18
comprises a bank of horizontally disposed par-
allel spaced apart tubes {19 interconnected by
return bends {28 for serial flow of steam there-
through from the inlet header 121 to the outlet
header £22.

The primary evapordtor shown at 123 com-
prises a bank of horizontally disposed parallel
spaced apart tubes (24 interconnected by return
bends 125. One end of each of said tubes (24
connects into the outlet header 28, as shown
and the other end bends downwardly to continue
along the side of the rear inside wall 38 facing the
furnace 127, thence to pass through wall 38 to
cnter the inlet header 128 adjacent the bottom
{28 of the furnace.

In Figure 8 are shown the evaporator tubes
133 lin‘ng the left, bottom and right walls re-
spectively 28, 129 and 21 of the furnace 12T7.

.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 I18( within the air space between
the right side walls 31, 27.

The economizer tubes 47 (Fig. 11) pass through
the rear and front side casing walls 45, 44 re-
spectively, and are supported thereby. The sec-
ondary evaporator tubes 113 are supported hy
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 (19 are supported
]oy members (36 passing vertically between tubes
through the bank, which members are in turn
suppoerted by the relief or riser tubes {27. The
primary evaporator tubes $24 are supported at
one end by outlet header {26 and at the otber
(_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 130 (Fig. 8) are supported from
the headers 132, 191 and by the furnace bottom
128. The riser tubes 85, 137 (Fig. 8) through
which the steam and water mixture from the
outlet header I8! 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 (i, 112 plus the super-
heater bank of tubes 118 are transmitted by the
relief or riser tubes 135, 137 to the drum 8 and
the header 181 of the wall tubes §30.

The principal supports of the header 10f as
mentioned gbove are structural members 98, 98
(Pigs. 13 and 12) which are framed into the
columns 2 and 24. Brackets 138 are fastened as
by welding, onto the ends of header 101 and rest
upon the members 88, §3. The remaining head-
ers 132 (¥ig. 8) and 115, 116, 117, 121, 122 and
126 (Fig. 11) are supported in similar manner
to that typically shown in Fig. 12 for headers
{16, 121, i22. Each header in Fig. 12, has angle
members 139 fastened longitudinally thereto ad-
jacent its inner side from end to end ag by weld-
ing. Each header {i6 and {22 has angle mem-~
bers 148 fastened thereto adjacent its outer side,
the two angles 140 being fastened together to
form a gas tight seal therebetween. The angles
{39 each fasten to a plate 14i extending out-
wardly from the inside casing wall 30 toward the
headers.

The inside wall plates i42 are fastened to
plates 41 as by welding to form a gas tight
seal therewith. Both plates 14{ and {42 and
the angles {38, 148 extend for the full width of
the wall 38 to the adjacent columns 23 and 24
to which they are fastened. End plates 143
adjacent the columns 23, 24, close each end of
the gas tight chamber formed by the headers
f18, 122, the associated angles 139, {48 and plates
141, 142 to which they are fastened, as by weld-
ing. Similar end plates 144 close the chamber
formed by header 121, the associated angles 13%¢a
and plates {41a, 1842a. The end plates 143, 144
are each provided with holes 145 through which
bolts pass tc fasten them to the vertical mem-
bers of columns 24 as shown. The fastenings
of the end plates 143, 144 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 that
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 I—Iia, 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 14§ of rear outside wall 26
comprise plates (47 backed by insulation 148.
Each plate 147 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
{87 extend over the ledges formed by plates 74,
15 which extend beyond the stiffeners 69, 19
respectively (see also Fig. 5). Studs 78 are fas-
tened to said ledges and pass through holes in
the yokes {48. By means of nuts on said studs
78 bearing against battens 149 as shown, which
in turn bear against plates 147 (while heeling
against plates 74, 75), the plates 14T are snugly
held against the ledge plates 74, 15. Gaskets
(not shown) are provided between plates {47 and
74, 75 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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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, 31 are di-
vided into flanged panels 28a, 23a, 38a, 31a, as
typically shown in Figs. 8 and 11. These may
be removable and are generally supported by
horizontal structural members such as channels
280, 29D, 30b, 81b which in turn extend to and-
are fastened to and are supported by the corner
columns I, 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 (58 in Fig. 8 and driven
by a motor or turbine 15, A pipe 1352 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
130 and delivers water thereto. The relief or
riser connections 135, 137 between outiet header
101 of wall tubes §30 to the drum & have already
been described at an earlier point herein. A
water supply pipe 86 connects the distribution
header 93 (Fig. 8) to the inlet header 116 of
the evaporator section 112 and a pipe (53 inter-
connects the pipe $6 and the inlet header 115 of
the evaporator section iil.

The secondary evaporator sections 112, {ii dis-
charge steam and water via the extension 154 of
outlet header 117 directly into drum 8. Pipes
165 adjacent the left side and rear furnace walls
(Fig. 8) connect into pipes 95 and into the inlet
header 128 of the primary evaporator {23 for
water supply thereto. A pipe (56 connects the
outlet header 126 of the primary evaporator 123
to the drum 8 for steam and water discharge
therethrough. The usual steam supply connec-
tion from the drum 8 to the superheater inlet
header (21 (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
whiech 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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formmg the corners of the frame; hotizohtally

disposed latticed -bedms - 1nterconnect1ng adja~
cent columns-at vertically- spaced intervals, the
inner and outer extremities of the beéams. corre-
spondmg with those of the. columns; metallic
panels -disposed--adjacent -the inner extremities
of the beams and -columns and sécured to sdid
bea,ms and columns so as to form a fluid tight
infier ¢asing for the boiler; means forming-4 bot-
tom for the interior of the inner casing; steam
genérdting tubes linihg the inner surface of sald
bottom and the lower portion of the inner casihg;
metéllic panels disposed- sdjgcent the outer: ex-
trefiities of the beams and columns and held in
fluid- tight -enigagement therewith-by rémovable
clamps secured to Said beams and engageable
with sdid pahéls; a steam-and water drum sup-
portedt By -two- of sdid columns and- secured -to

said outer panels in a fluid tisht mahner so that.

4 portion of the drum wall-forfiis a portion:of
the outer casing with the remainder - of- said
outer casing being made up of said outer panels;
meanis sealing the top and bottom of the space
embraced by said inner and outer casirigs; 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
mto the interior of theé inner casing, said-burn-
ing “means having openings for-the passage -of
air from the space between the casings into the
inteérior of thé 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
bemg 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 theréby
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Supporting said-héadeis-from-said latber columns;-
means sealing -said headers to the inner casing
so-as to form: a. clesed chamber encompassing
the ‘ends of the tubés connlected to the respec~
tive headers; thé return bends of thie economizer
tubes projectirig through the inner casing wall,
with: the chamber that includes the headers for
the ecobromizer -éncompassing the bends at ore
end. and g .specid]l finid tight chamber formed
to encompaSS the 6pposite bends ‘at the other
economlzer ‘end; . = .§ihgle distributing header:at
least & portmn of the stiffa¢e of which exténds
into the space between-the casings; means pump-
ifig water 'fiofl the stéam and water drum into
said “distributing header; tubes extending en-
tifely within said space-and conhectitig said dis-.
tributing header with the inlet headers "of the
steam generating tubes; and fluid conveying
tubés extending. entirely within said space and
interedhriecting the outlet headers of the econo-
mizer and the steam'~generating tubes and the.
inlet header of supérhéater tubes with the steam
and water drim.

DAVID M. SCHOENFELD.
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