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BOILER CONSTRUCTION. 

Application ?led Decemberrli, 1923. Serial No. 680,804. ' 

My invention relates to a novel form of 
boiler and the method of and means ‘for con- ‘ 
structing the same. 
While I shall describe .in the following 

5 speci?cation a speci?c embodiment, namely, a 
drumless water tube sectional type of boiler, 

' it is to be understood that this is merely for 
purposes of illustration and that the invention 

vJis not limited to such form alone. However, 
W I wish to call attention to the fact that my 

present invention is peculiarly adapted to a 
boiler section, or to a boiler, or, in fact, a con 
taining vessel of any kind in which there is no 
great disparity between the sizes of the con-_ 

15 nected tubes or passageways. The invention 
is adaptable to banks of 'tubes,'or boiler sec 

_ tions, or any kind of heat transfer apparatus, 
pressure containers and the like. 
Referring to the accompanying drawings 

20 illustrating a preferred manner of practicing 
my invention :— , 

Figure 1 is an elevational view of one of the 
' blank sheets employed in making ‘511p a boiler 
section; _. I I 

Fig. 2 is a similar view showing two of 
these sheets welded together varound their 

. perimeters to form a closed envelope, the 
light lines indicating the marginal weld; 

Figures 3 and 4c are longitudinal sectional 
30 and end elevational views of a‘ typical form 

of'die mechanism in. which the metal is'ex 
panded outwardly between these. lines of 
welding; , v . A 

Fig. 5 is a side view of a section made in ac: 
35 cordance with the steps illustrated in Figures 

' 1 to 4; > . ' . 

Fig. 6 is a fragmentary view showing the 
bottom connection to the water manifold; 

Fig. 7 illustrates the blank sheet employed 
40 in another practice of my process; 

Figures 8 and 9 are side elevational and 
edge views respectivelyof this latter sheet 
after folding; _ ' 

Fig. 10 is a side elevational view of the 
45 blank after it has been welded around the 

edges to form a closed envelope, and after the 
steam connection has been welded between the 
side walls of the envelope; 

Fig. 11 illustrates in light lines the lines of 
50 contact maintained between the side Walls 

during the expanding operation carried on in 
apparatus of the type shown in Figs. 3 and Al; 

Fig. 12 is a side view of one form of boiler 

section constructed in accordance with the 
steps illustrated in Figures 8 to 11 ; 

Fig. 13 is a vertical section through a boiler 
section, illustrating circulating tubes of el 
liptical section; 

Fig. 14 is a similar view showing another 
form of circulating tube; 

Fig. 15 is a side elevational view of a single 

55 

60 

blank as employed in another performance of _ 
my process; 

Fig. 16 is a similar view, indicating by 
dotted lines the pro?le of the section and the 
lines of contact between which the passage 
ways ‘are bulged outwardly in the plate; 

Fig. 17 is a more or less diagrammatic show 
ing of die mechanism in which the blanks are 
subjected to pressure to bulge out the passage 
ways; - , 

Fig. 18 is a sectional view through two 
blanks that have been subjected to the above 
expanding operations, these blanks being 
ready for oining into a section unit; 

Fig. 19 is a sectional view through a boiler 
setting, illustrating a typical design of boiler 
section as constructed by my invention; 

Fig. 20 is another sectional view through the 
same at right angles to Fig. 19; 
Fig.21 is a_ transveise sectional view of'the 

boiler, and . 
Fig. 22 illustrates another design of boiler 

section produced by my invent-ion assembled. 
in a circular type of boiler. 
In carrying out one process of manufactur 

ing a boiler according to my invention, two 
sheet metal plates 21 are ?rst cut to approxi 

'_ mately the size and general pro?le of the com 
pleted boiler section. These sheets are then 
,matched and welded together around’their 
perimeters, as indicated in light "lines at 22. 
This welding is preferably performed ac 
cording to the Gefei process of seam welding, 
employing the electric roll-step method. In 
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the step of welding the two sheets together, a : 
nipple or plug connect-ion 23 is welded be 
tween the sheets at the upper corner, where it 
will be in line with a steam outlet conduit of 
the sect-ion. If desired, the water connection 
may be employed instead The result is a me 
tallic envelope having integrally united edges 
and a nipple ?tting welded therein through 
which ?uid pressure may enter the envelope. 
This envelope unit is now subjected to the 

expanding operation, wherein the circulating 
/ 
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tube areas and the header-areas of the com 
pleted boiler section are expanded out of the 
metal in the opposite walls of the envelope. 
This expanding operation is performed by 
placing the unit- or envelope between two suit 
able forming dies 27 and 28, which are mount 
ed on the bed plate 29 of a heavy press and are 
subjected to pressure applied through a hy 
draulic or screw ram 31. The opposing faces 
of the two die members 27 and 28 are formed 

_ ‘with recesses 32 corresponding to the bulged 
circulating tube and header areas in the com 
pleted section. The envelope is, of course, so 
matched with respect to these recesses 32 that 

.' the bulged tube and header areas will occur in 
the proper places in the envelope. The lower 
forming die 27‘is preferably heated, as by 

, providing longitudinal burner openings 3-} 
_ . into which extend burner tubes‘ 35. 

.21) 
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These 
burner tubes are supplied with fuel from suit 
able burner nozzles discharging into the tubes. 
The desirability of heating the dies and the 
sheet metal envelope is dependent upon the 
gauge of metal being worked and the depth 
of the draw necessary in the expanding op 
eration. \Vith relatively light gauge mate 
rials, the expanding operation can be per 
formed with the dies and the materialcold. 
A high pressure ?uid, such as high pres 

sure superheated steam, or water, is now 
forced into the envelope through the nipple 
connection 23. This pressure will swell or ex 
pand the metal in the two walls of the enve 
lope out into the upper and lower die recesses 

.; 32 for forming the circulating tube and 
header areas. The ?at die surfaces 33 inter 
mediate the parallel recesses 32 (which form _. 
the inclined circulating tubes) retain the in 
tervening web portions between these tube 
areas in substantially the same plane as the 
original sheet, so that. the opposite web por 
tions of both sheets can be subsequently weld 
ed together. The two walls of the envelope 
need not be rigidly clamped together between 
the tube areas during this expanding opera 

» tion; and, in fact, it is pieferable to hold the 
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sheets in such relation that they can slip on 
each other in the expanding operation, so that 
the metal can be drawn from all portions of 
each sheet and a uniform distribution and at 
tenuation of the metal secured. Irrespective 
of whether or not the dies are forced together 
under any pressure, it is necessary that an ex 
ceedingly strong frame or other supporting 
structure be provided for holding the dies to 
gether against the very large outward pres 
sure exerted through the walls of the enve 
lope, tending to separate the dies. ~ . 
Where steam is employed as the expanding 

?uid, the high ‘temperature of the steam will 
assist the lower heated die 27 in heating the 
two walls of the envelope. 
The envelope or section, after the comple 

tion of'the expanding operation, is illustrat 
ed in Fig. 5. While, of course, any preferred 
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' arrangement of circulating tubes and head 
ers may be shaped in the section, I have 
shown a circulating arrangement, which I 
consider has numerous advantages over pres 
ent day boiler sections. It is opportune to 
remark that the present method permits of 
innumerable paths and circuits for the water 
and steam in each section, to meet the fancy 
of any steam engineer, without materially 
increasing the cost of the section. . I-lereto 
fore, the practice of subdividing a header 
into a-plurality of sections and of forming 
devious paths for the circulating water and 
steam was impracticable because of the very 
high expense of forming and welding these 
circulating tubes and headers together at va 
rious angles and in~close proximity. In the 
form shown, the outer header is constructed 
of outer and inner sections 25 and 26, which 
give a very large header area without increas 
ing the thickness of the boiler section. Simi 
larly, the rear header is constructed of outer 
and inner header areas 37 and 38. These 
co-operating header areas are, in each in 
stance, connected by cross channels 39, ar 
ranged at any desired points for establish 
ing cross communication between the header 
sections and the circulating tubes 40. The 
steamtake-o? connection 36 connects at one 
end with the top of the header area 25, and 
at othe other end communicates with the 
steam outlet plug 23. The rear header area 
37 is extended down below the bottom circu 
lating tube, as indicated at 41, to form a leg 
for connection to the mud-drum of the boiler," 
as I shall hereinafter describe. 
The next step in the process is to weld the 

two walls of the envelope together upon all 
the partition ‘lines between the tubes and 
headers. This welding is preferably pre 
formed according to the Gefei process of 
seam welding, employing the electric roll 
step method; electric spot welding may, of 
course, be employed in lieu of the above meth 
od, but I ?nd the roll-step method to be pref 
erable because of its greater rapidity and 
the evenness of the seam. All of the joining 
lines or sunken areas 42 are welded together 
by this process, both between the circulating 
tubes 40 and between the diiferent portions 
of the headers. The ends of the welded 
lines 42 are preferably reinforced against 
separation by performing a pressure spot 
weld at each end of each line, as indicated 
at 43. The diameter of each of these spot 
_welds may be considerably greater than the 
width of the roller seam weld 42, so as to unite > 
a greater area of metal for providing ample 
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reinforcement. Another expedient for rein- . 
forcing the ends of the seam ‘welds is to drill 
these ends and rivet in suitable rivets where 
the spot welds are now shown. This rivet 
reinforcement of the endsof the seam weld 
mav be employed in conjunction with spot 
welding or without. For example, the end 
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of each line of seam welding may be spot 
welded, as ?rst described, and this spot we d 
ed area then drilled for the reception of the 
rivet. This would integrally unite the two 
walls of the envelope around the rivet hole. 
A rivet reinforcement of the ends of the lines 
of welding is shown in Fig. 19. 
The header areas 25 and 37 and the end 

most tubes 36 and 40 may be expanded out 
to the marginal weld 22, which circumscribes 
the edges of the sheets; or thes ‘header and 
tube areas may be set inwardly considerably 
from the marginal weld 22, for the purpose 
of performing a second inner marginal weld 

- 22’ around the outline of these header and 
tube areas during the process of welding the 
intermediate lines 42.‘ IVhen this second in-' 
ner marginal weld 22' is employed, the pro 
jecting ?ange or web and the outer weld 22 
are preferably-trimmed off around the en~ 
tire perimeter of the section. The advantage 
of this latter method is that the marginal 
weld is subjected to no strain or attenuation 
of metal during the expanding operation, 
and furthermore, the metal which is drawn 
in the shaping of these outer header and tube 
areas has a relatively free sliding motion 
for an even distribution of the metal, the. 

' outer marginal weld 22 being spaced consid 
erably from where the greater portion of this 
metal is drawn. 

' The next step is to complete a feed water 
connection with the lower leg 41 of the rear 
header. As shown in Fig. 6, this lower leg 
41 is out off to open up the bottom of the 
header; if the header is slightly crimped or 
distorted. this lower end is restored to cy 
lindrical form by the insertion of a suitable 
shaping tool. A tubular drift is then forced 
up into this cylindrical 1eg,'and is securely 
welded therein, such as by a welding ?llet 45 
around the lower edge of the leg 41, or by. 
spot welding or seam welding the leg 41 and 
the drift 4% together. The lower end of this 
tubula‘r drift is tapered inwardly on a spheri 
cal curvature, as indicated at 46, and this 
spherical end seats on a conical seat 47 formed 
in the upper end of a connecting nipple 48. 
This nipple 48 is welded to the top of a mud 
drum or feed water header 49, having com 

. municatipn therewith through the port 51 
‘ cut in the top of the drum 49. The spherical 

(it) 

end 46, seating on theiconical face 47, secures 
approximately a line contact therewith. For 
holding surfaces 46 and 47 together against 
the pressure prevailing in the section, a rela 
tively ?xed wedge-like plate 52 is extended 
transversely through the connecting tube 44, 
_being passed through directly opposite slots 
cut in the tube. This plate is welded in these 
slots to integrally unite the plate with the 
tube 44 and to seal the tube around the plate 
to hold the steam pressure. The ends of the 
.plate 52 project from the drift tube 44, and 
hooking over each of these ends is an eye 

3 

bolt 53. These two eye bolts extend down , 
and. pass through apertures in theends of a 
saddle block 54, engaging under the drum 49 
and receive nuts 55, by which the spherical 
surface can be drawn down into rigid en 
gagement with the conical surface 47. It 
will be observed that the section is quickly 
releasable from the mud-drum 49_by merely 
unscrewing the nuts 55 sufficiently to allow 
the eye bolts 53 to be cleared from the upper 
shoulders of the plate 
The steam connection attaching to the up 

per steam outlet nipple 23 will be, hereinafter 
described in a description of a typical boiler 
setting built up of my improved boiler sec 
tlons. ' - 

A modification of the foregoing method is 
illustrated in Figures 7 to 11 inclusive. Ac 
cording to this method, the blank is cut with 
two diagonally disposed portions which form 
both walls of the metallic envelope. In fold 
ing the two halves of the blank together a tu 
bular conduit or enlargement 56 is formed 
along the lower diagonal edge of the en 
velope, as shown in Figures 8 and 9. After 
the completion of this foldingv operation the 
edges of the blank are welded together around 
the sides and‘ top. as illustrated at 22 in Fig. 
10 and as described in the preceding embodi 
ment. Instead of folding the blank along the 
bottom edge it can, of course, be folded along 
one of the upright edges so that the tubular 
conduit will form a front or rear header, such 
arrangement being illustrated in Fig. 19. 
Referring again to Fig. 10, the ends of the 
tubularconduit 56 are pressed together and 
welded in the above welding operation. 
Thereafter'the envelope is put through the 
same step of expandinggthe tube and header 
areas between dies 27 and 28 by the applica 
tion of an internal ?uid pressure, as described 
of Figures 1 to ?'inclusive. This method is 
particularly adapted to, the use of heavy 
nickel steel sheets, and when using this ma 
terial, it is desirable to heat the dies and the 
sheets. In the formation of the passageways 
in the metallic envelope, the rear headers 37 
and 38 and the front headers 25 vand 26 are 
placed in communication with the ends of 
the lower tube or “passageway 56. This lat 
ter tube is in closest proximity to the ?re and 
constitutes a water circulating tube wherein 
the cold water ?rst receives its high tempera 
ture. By forming this passageway in the 
folding of the blank there are no projecting 
?anges, rivets or other extraneous metal which 
might be subject to local overheating because 
of its immediate proximity to the ?re. 
This is a desirable construction when using 

heavy sheets or where riveting is essential. 
Boiler codes still exist which make riveting 
a prerequisite in this type of boiler section. 
In such event the joining lines 42 between 
tubes and headers are drilled after the ex 
panding operation for receiving rivets 57 , 
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as shown in Fig. 12. The marginal weld 22 
is reinforced by rows of rivets 57. The par 
titions or joining lines may be seam welded 
by the roll-step process and then drilled and 
riveted; this giving the tightness of joint se 
cured by the weld and the" combined strength 
of the welded joint and the riveted joint. 
However, it is within the scope of my inven 
tion to dispense entirely with the welding 
between the circulating tubes and headers by 
riveting the walls of the envelope together 
along the partition lines between the tubes 
and header areas after/these tubes and head 
er areas have been formed. A marginal weld 
22 around the entire perimeter is desirable 
in all embodiments of the invention because 
of the more eli'ective closure against leakage 
that it a ?'ords. 
Feed water connection is made through a 

tubulardrift 4.4 which is forced up into the 
bottom of the outer rear header 25. The two 
walls of the section are preferably welded and 
riveted together on both sides of said drift, 
and the draft is preferably welded in the end ‘ 
of the header. The drift may be connected 
to the mud-drum of the setting in substan 
tially the same manner as described of Fig. 6. 
In Figures 15 to [18 inclusive I have shown 

a modi?ed process involving a slightly differ 
ent sequence of steps. Each envelope com-I 
prises two blanks 58 which are separately 
formed, as 1 shall now describe. Before any 
of the welding operations are performed 
thereon, each blank is‘inserted between the 
upper and lower members‘59 and 61 of a hy 
draulic or screw press. 'The perimeter of 
the blank is clamped between these members 
and a leather gasket 62 is preferably inter 
posed between the blank and the upper clamp 
ing member 59 to provide a steam tight seal. 
The lower clamping member 61 is a forming 
die into which the blank is adapted to be ex 
panded, having recesses 32’ in the face thereof 
corresponding to the front and rear headers 
and the inclined circulating tubes. Steam or 
other fluid under pressure is ‘admitted 
through pipe 60 ‘into the chamber 63 above 
‘the blank 58. This ?uid expands the metal 
down into the recesses 32’ to produce the 
bulged conduit portions 64 shown in Fig. 18. 
The blank may be heated during this ex 

» panding operation. as by applying heat to 

‘so 
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the lower die member 61. Obviously. when 
higlr pressure steam is employed as the me 
dium for expanding or shaping the metal 
the temperature of this steam itself will bring 
the blank up toa relatively high heat. 
After the two opposing blanks have been 

formed. they are matched as shown in Fig. 
18. and thereupon the operation of joining 
the two blanks together is begun. The perim 
eters of the sheets are seam welded together 
and the contacting faces of the sheets between 
the tubeportions 64 are joined together by 
welding or riveting, or both,-_ substantially 
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as described of the two preceding embodi 
ments. The steam connection 23 is welded 
between the sheets in communication with the 
upper end of the rear header or with the 
steam outlet connection 36 during the weld 
ing operation. - ' 
As shown in Figures \13 and 14, the main 

group of circulating tubes 40 may be of circu 
lar, elliptical, or irregular section. \Yheu the 
rear header area is thicker than the front 
header, as shown in Fig. 22, it may be desir 
able to form the rear ends of the circulating 
tubes of elliptical section, as shown in Fig. 
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.13, so as to have these elliptical ends merge 
gradually into the greater-thickness of the 80 
rear header. Each tube is then gradually 
tapered back into circular section towards the 

‘‘ front header area for merging with the rela 
tively smaller front header. In placing these 
sections in the boiler setting they are prefer 
ably staggered vertically, as shown in Fig 
ures 13 and 20. so that vertical ?ue area be 
tween the sections will be de?ected through 
a sinuous path to bringr the products of com 
bustioninto contact with the under and upper 
sides of each tube 40. Another method of 
breaking up the straight line or column flue 
between the sections is illustrated in Fig. ll. 
Here each circulating tube 470 is of relatively 
shallow depth on one side and relatively 95 
deep on the other. this relation alternating 
between successive-tubes along the section. 

90 

y This is secured by forming relatively shallow 
depression in one wall of the section or 
envelope and a relatively deep depression in 100 
the other wall of the envelope, to secure a pas 
sageway which is somewhat offset with re 
spect to the vertical plane of the envelope.” 
In the setting of the sections. these offset con 
necting tubes are staggered between sections 
so that the deeply projecting side of one circu 
lating tube is opposite the shallow side of the 
circulating tube in the next section, whereby 
circulating tubes overlap vertically and break 
up any column effect between the sections. 

It will be observed from the foregoing that 
the two walls of the envelope can be united 
by seam welding. spot welding or riveting, 
either singly or in any combination of these. 
The riveting may be con?ned to reinforcing 
the ends of the lines of seam welding, as 
shown in Fig. 19, or may be extended entirely 
alongthe lines of joining betweenthe enve 
lope walls, as shown in Fig. 12. \Vhere the 
riveting is used in conjunction with seam 
welding along the lines of joining. the seam 
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welding is made sufficiently wide to accommo 
date ‘the heads of the rivets. or two closely 
spaced lines of welding may be used. As an 
alternativearrangement within the scope of 125 
my invention. the welding between the circu- ' " 
lating tubes and the headers may be dispensed 
with entirely (the perimeter of the section 
being welded as before) by shaping the two 
walls of the section or envelope in accordance 130 
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with any of the processes disclosed in Figures 
1 to 18 inclusive, and then riveting the walls 
of the envelope together along the partition 
lines between the tubes and conduit areas, in 
stead of welding the partition lines together. 
The perimetral edges of the section may also 
be riveted together, but irrespective of 
whether these edges are riveted or not, I con 
sider it advantageous to weld these edges so‘ 
as to seal the perimeter of the envelope against 
steam leakage. A strong steam-tight weld is 
essential around the perimeter of the enve 
lope, but it will be apparent that the partition 
walls at the sides of the conduit areas in the 
envelope need not necessarily be steam—tight, 
as a slight amount of leakage from one circu 
lating tube to another, or from one header to 
another, will not seriously affect the operation 
of the section. The one essential of the par- - 
tition joining between the walls of the enve 
lope is that of providing ample strength to 
prevent any separation of these walls over an 
extended area. It will be apparent that if 
a weld lets go internally it merely7 results in 
the side of the boiler section bulging out 
wardlyin this immediate area. ' 
The step of heating the envelope, or the 

blank thereof in highly heated dies during 
the expanding operation, such as illustrated 
in Figures 3 and 4, is desirable when working 
nickel steel sheets, but is not essential with 
certain other metals, and metals of relatively 
light gauge. Also, it is not essential to per 
form the operation of drawing the tube and 

- header areas of the sheets before the parti 
tion lines between the tubes are welded to 
gether, but this sequence is preferable, as the 
distribution of metal is made more uniform. 

Figures 19, 20 and >21 illustrate my im 
proved boiler sections in a typical boiler set 
ting. The several steam generating sections 
are grouped in parallel relationship with the 
rear headers along the rear wall 78 of the 
boiler setting. It will be observed that this 
design of boiler section has a front secondary 
header 79 and a rear secondary header 81, the 
former of which connects with an interme— 
diate cluster of circulating tubes 82, and the 
latter of which connects with the other ends 
of- these tubes and with the lowermost ‘circu 
lating tubes 83. Thus the high rate of steam 
format-ion of the lowermost group of tubes is 
not interfered with by the upper and less ac 
tive ’ circulation. Freer steaming results. 
The several sections have connection with the 
common feed water header or mud drum 49 
in the manner illustrated in Fig. 6. The 
boiler enclosure is preferably built up of 
front, side, rear and to walls of sheet metal 
84, having a covering 0 heat refractory mate 
rial 85. Figures 19, 20 and 21 also illustrate 
just one of the rami?cations of my invention 
in the construction of the feed water preheat 
ers or economizers 87. Each of these preheat 
ers is constructed of a sheet metallic envelope 
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having upper and lower headers 88 and 89 
connected by a plurality of vertical connect-, 
ing tubes 91. The welding of the margins of 
this envelope and the expanding of these ' 
headers and connecting tubes will be obvious 70 
from‘ the preceding description. Separate 
economizer units are placed across the front 
wall and both the side walls of the boiler set 
ting, and co-operate with the abutting rear 
headers of the boiler sections in forming a 
combustion chamber circumscribed by water 
containing, heat absorbing walls. The solid 
heat absorbing surface interposed by each of 
these economizer sections forms a very effec 
tive heat barrier against outward loss of heat 
through the walls of the boiler setting. The 
interconnection of these economizer Sections 
“will be obvious to one skilled in the art. The 
upper end of each boiler section has suitable 
connection through the coupling 92, connect 
ing with the steam outlet ?tting 28’ with an 
individual superheating loop 93. The other 
end of each of these superheating loops con 
nects through a detachable coupling 94 with 
a common steam collection drum 95 extending 
across the top of the boiler setting. 

Fig. 22 illustrates the application of my in 
vention to boiler sections of ‘the type used in 
circular boilers, such as are disclosed in ‘Vinsi 
low application Serial No. 344,355, patented 95 
March 23, 1926, Patent Number 1,577,549. 
These boiler sections are illustrated in this 
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.?gure in horizontal section, and it will be 
noted that each section comprises a relatively 
large outer header 96 and a series of smaller 10° 
inner headers 97. The envelope is preferably 
formed by folding a single sheet along, a ver 
tical edge of the section, preferably the outer 
edge, so that the large outer header 96 can be 
largely produced,. by’ the folding operation. 105 
This reduces the attenuation of the metal re 
sulting from deep draws-in proximity to the 
outer header, The inner vertical edge, the 
other marginal edges and the joining lines be 
tween the tubes and the headers are welded 110 
together as before described. . The circulating 
tubes 98 taper from the outer header 96 to the 
group of inner headers 97. ' The tapered form 
of the section has particular co-operation 
with the circular disposition of the sections ‘in 115 
a round boiler. For example, the outer head 
ers 96 may be placed in substantially contact~ 
ing relation to form an outer watervwall; one 
or more groups of the inner headers 97 may be 
likewise engaged in abutting relation, partic- 120 
ularly where a two pass boiler is desired. The 
intermediate circulating tubes may be slight 
l narrower to provideupwardly extending 
file areas between'the section. ' 
In the operation of any of the preceding 125 

embodiments there is no need of maintaining " 
a de?nitely ?xedwater level, but in prefer 
ence a level will be maintained at about the 
dash and dot level indicated in Fig. 12. In 
operation the circulation will be upwards in 180 
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the front or inner headers, the water cast up 
wards in these headers being caught in the 
open mouths of the inclined circulatingr tubes 
above the water level and ?owing back 
through these tubes in thin sheets in ideal 
condition for rapid steam formation. From 
the rear ends of these tubes the water precipi 
tates down in the rear header areas, from 
whence it circulates forwardly again through 
the lower group of circulating tubes.v As a 
result of this circulation, a hydrostatic bal 
ance will he maintained in operation with the 
level higher in the front header areas than 
in the rear. Any uneven expansion tending 
to develop because of unequal temperature 
above and below the water level will be op 
posed by the strength of the two solid sheets 
of metal, reinforced by. the expanded tube 
areas between the. sheets. i _ 

By forming two front header areas, or by 
forming a separate channel up alongside the 
front header for the lowermost tubes. a much 
improved steam freeing action vis obtained. 
These multiple header areas provide a greater 
area and more numerous paths for the sepa 
ration of the steam. The multiple header 
areas shorten the lengths of the circulating 
tubes compared to the aggregate areas of 
these headers. These shorter circulating 
tubes are an advantage in that they free'the 
steam generated therein more readily than 

. do longer tubes which tend to blow the en 

05 Gil 

tire water content of the tube by the trapping 
of the steam therein. 
By the present construction the headers are 

much more effective as heating surfaces. By 
splitting up one header into a plurality of 
channels the aggregate area of header wall 

' exposed to the heat is increased and all par 
40 

45 

ticles of the water and steam are brought 
closer to these heated walls. The present 
construction also permits of a greater num 
ber of sections being inserted in a given fur_ 
nace area than with prior sections of the 
same height and width, because of the fact 
that the headers are not so thick as in prior 
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constructions, but are preferably of only 
slightly greater thickness than the tubes so 
that the sections can be placed closer together. 
This larger number of ‘sections provides a 
greater baffling e?ect- on the products of com 
bustion because it splits up the gases into a 
larger number of strata. and-the close spacing 
of the sections permitted by the relatively 
shallowheaders results in a close spacing of 
the heating surfaces and narrow gas chan 
nels. ‘ ‘ ' 

The greater area of heating surrace in each 
section by reason of the marginal ?ns. the in. 
tervening web portion between‘ the tubes and 
thesectionalized construction of the headers 
result in a higher heat transferlcapacity in 
each section, and the larger number of sec-v 
tions give a considerably greater total heating 
area for the entire boiler. - . 

I do not intend to be limited to the partic 
ulars herein shown and described, as it will 
be obvious that my invention may be prac 
ticed in different ways and by di?erent means 
within the general scope of the teaching here 
in disclosed. 

I claim: a 
1. A boiler section constructed of two sheet 

metal walls and~ comprising a plurality of 
circulating tubes, a pair of inner headers com 
.municating with said tubes, and a pair of 
outer headers communicating with said tubes. 

2. A boiler section constructed of two sheet 
metal walls and comprising a plurality of cir 
culating tubes. a ?rst inner header communi 
cating with said tubes. :1 second inner header 
disposed substantially in the plane of said 
tubes and said ?rst inner header and commu 
nicating with said ?rst inner header, a ?rst 
outer header communicating with said tubes, 
and _a second outer héhder disposed substan 
tially in the plane of said tubes and said ?rst 
outer header. ‘H ‘ 
In witness whereof, I hereunto subscribe 

“my name this 14th day of November, 1923. 

RAYMOND E. WHITE. 
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