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io all, whom, it nay concern: 
Beit known that I, JACKSON DENEAL, a citi 

Zen of the United States, residing at Toledo, 
in the county of Lucas and State of Ohio, have 
invented a new and useful Improvement in 
Steam-Generators, of which the following is 
a specification. 
My invention relates to a steam-generator 

of the water-tube type, and has for its object 
to provide a compact, durable, economical, 
and highly-efficient generator of the kind hav 
ing a proportionately large area of heating 
surface and adapted to rapidly generate 
steam and utilize an increased percentage of 
the heat produced from the fuel. 
A further object is to provide a generator 

of the kind in which the water-tubes are read 
ily accessible for cleaning, easily detached 
for repair, and adapted to expand and con 
tract without causing leakage. 
Iaccomplish these objects by constructing a 

generator as hereinafter described, and illus 
trated in the drawings, in which 

Figure 1 is a vertical section through the 
boiler on line Y Y of Fig. 2. 
horizontal section through the same on line 
XX of Fig. 1. Fig. 3 is a part elevation and 
part section of the boiler. Fig. 4 is a modi 
fied form of water-tube shown in Fig. 1. Fig. 
5 is a cross-section through the heater, and 
Fig. 6 is an isometric view of a corner-frame. 
In the drawings, A is a generator compris 

ing the boiler, having the Water-legs 2, form 
ing the inclosed combustion-chamber 3 and 
connected by the Water-tubes 4, and B is a 
heater mounted on the boiler and connected 
to the combustion-chamber 3 by the flue 5 
and adapted to further utilize the heat escap 
ing through the fue. The boiler 1 and wa 
ter-legs 2 are formed, preferably, of the 
crown-sheet 6, the outer sheet 7, the corner 
frames 8, and the bottoms 9, as hereinafter 
described. Sheets 6 and 7 are each shaped 
in the form of the heraldic cross humette 
and are each formed by cutting equal squares 
from the corners of a square sheet of metal, 
the outer sheet 7 being formed from a propor 
tionately larger sheet than sheet 6 is cut from. 
The arm portions of sheet 7 are of equal width 
with the arm portions of sheet 6, but are of 
greater length, and the central squares 10 

Fig. 2 is a 

and 11 of the two sheets are equal. The 
sheets 6 and 7 being thus shaped to form the 
boiler and legs, the arms of sheet 6 are bent 
at right angles to its center square 11 at their 
junction there with to form the inner or tube 
sheets 12 of the legs, and the arms of the 
sheet 7 are curved outward and downward 
from their junction with the center square 
10 of the sheet to form the outer or plug sheets 
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13 of the legs perpendicular to the plane of 
the square 10. Thus formed, sheet 7 is im 
posed over sheet 6, standing on its bent arms, 
with the plug-sheets 13 parallel with the tube 
sheets 12 and the square 10 parallel with the 
square 11. In this position the bifurcated 
corner angle-frames 8 of the form shown in 
Fig. 6 are inserted between the plates 12 and 
13 at each corner and secured therein by riv 
ets 15, extending through both plates and 
the frame. The bottom openings of the legs 
thus formed are closed by bars. 9, similarly 
riveted, which completes the boiler-shell 1 
and its legs 2. At suitable intervals through 
out the area of the shell and the legs are pro 
vided stay-bolts 16, extending through the 
sheets. The open corners between the legs 
are closed by the detachable angle-plates 17, 
secured to the corner-frames 8 by tap-bolts 
threaded into the frames. Opposite tube 
sheets 12 are provided with transverse ori 
fices 18 for the tubes 4, which are a lined in 
rows slightly inclined from the horizontal at 
regular intervals from the top to the bottom 
throughout the area of the sheets, the rows 
of orifices of one sheet being relatively lower 
than the rows of orifices in the oppositesheet 
of the pair, whereby when the ends of the 
tubes 4 are secured in the orifices of opposite 
sheets 12 each of the tubes will be inclined 
at the same angle as the individual tubes rela 
tive to the sheets of the other pair, the orifices 
of which are set in inclined rows opposite the 
intervals between the rows of the first pair. 
In the outer sheets 13, in a linement with 

and opposite each end of the tubes 4, are pro 
vided the threaded orifices 19, into which are 
threaded the plugs 20, of a diameter slightly 
greater than the orifices of the tubes. When 
the ends of tubes 4 are inserted in the orifices 
18, they are secured therein by an expander 
inserted through the orifices 19, by which the 
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tubes are expanded and beaded to engage the 
tube-sheet in the usual manner, and the plugs 
20 of any tube being removed the tube may 
be tightened or removed without interfering 
with or removing any other tube or tubes. 
By the arrangement of the tubes as shown 
and described the area of heating-surface is 
very greatly increased proportionate to the 
dimensions of the generator. The tubes are 
preferably formed laterally sinuous, with the 
sinuations all on one side of the line of the 
tube, as shown in Fig. 2; but they may be 
alternate on opposite sides, as shown in Figs. 
1 and 4, whereby the linear expansion of the 
tubes is taken up by the curves of the tubes 
without straining or loosening their connec 
tions with the tube-sheets 12, and the heat 
ing - surface is thereby further increased. 
When the curves are on one side of the tubes 
only, as in Fig. 2, the tubes of each row are 
set with the curves in one direction, the di 
rection being reversed in alternate rows be 
tween each pair of legs, as illustrated in Fig. 
2, wherein in the upper left quarter is shown 
the top row between one pair of legs, in the 
upper right quarter the top row between the 
other pair of legs, and in the lower left and 
right quarters, respectively, the second row 
between each pair of legs, by which arrange 
ment it will be seen that there are no direct 
vertical lines of draft between the tubes and 
that a larger number of tubes may be used, 
thereby increasing the heating-surface as well 
as increasing direct contact of each tube 
with the heated gases, utilizing a larger per 
centage of the heat and causing a more rapid 
generation of steam. In such construction 
the tubes of each pair of legs are set in ver 
tical rows as well as in rows inclined from 
the horizontal; but where tubes of the form 
shown in Fig. 5 are used the orifices for the 
tubes and plugs are preferably staggered, as 
shown in Figs. 1 and 3. I do not limit my 
self, however, to the use of sinuous tubes, 
and all the tubes may be straight or part 
straight and part sinuous, as shown in Fig. i. 
The heater B comprises the cylindrical 

shell or drum 21 and an annular steam-drum 
21", concentric within the drum 21 and com 
prising the outer shell 22, the inner shell 23, 
concentric to the outer shell, and the annu 
lar heads 24, closing the ends of the annular 
drum and secured therein in any suitable 
manner and stayed by bolts 25 lengthwise of 
the drum. Central of its length drum 21 is 
provided with a flue 26 of a diameter to fit 
over the end of flue 5, whereby the drum 21 
is supported above the boiler 1 and connect 
ed with the combustion-chamber 3, and the 
steam-drum 21" is connected with the steam 
space of the boiler 1 by the pipes 27, formed 
of sections suitably coupled by unions or 
flanged couplings 28, and each having one end 
threaded into a suitable orifice through the 
outer sheet 7 of the boiler and the other end 
extending through the wall of the outer drum 
21 and similarly secured in the outer shell 22 
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of the steam-drum 21". The outer drum 21 
is provided with the exit-flue 29 at one end, 
and the steam-drum 21" is provided with the 
steam-main 30, extending through the Wall 
of the outer drum. Between the inner and 
outer drums there are interposed the dia 
phragms 31, extending longitudinally from 
end to end of the outer drum and having 
their ends connected by the reversely-dis 
posed arches 32, by which the heat and gases 
from the flue 5 are compelled to pass around 
and along the lower half of the drum 21 and 
through its central flue 33 and over the up 
per half of the drum to reach the exit-flue 29, 
as indicated by arrows in Fig. 1, thereby util 
izing the waste heat to superheat the steam 
if the waste gases are of higher temperature 
than the steam or reduce radiation if the 
temperature of the steam is higher than that 
of the escaping gases. 
By the inclination of the water-tubes 4, the 

water-line being above, the crown-sheet, as 
shown in Fig. 1, I attain a free circulation 
from the lower toward the higher ends of the 
tubes and thence upward through the legs 
to which the higher ends are secured, over 
the crown-sheet, and downward through the 
legs to which the lower ends of the tubes 
are attached, the resultant currents being di 
agonally across the crown-sheet to the next 
adjacent leg instead of through the opposite 
legs, from which it is apparent that the re 
turn flow from the tubes of each pair of legs 
is back through the tubes of the other pair. 
The water-feed pipe 34 is connected by 

branch pipes 35 and 36 to the legs to which 
the lower ends of the tubes 4 are secured, 
near their bottoms, by which the water hav 
ing the lowest temperature is made to circu 
late through the lower rows of tubes nearest 
the fire. 

It is apparent that a generator of reduced 
capacity may be made by simply omitting 
one pair of legs and their connecting-tubes 
and that such omission may be made without 
requiring other than the omission of the side 
plates 13 of such legs and a simple and ob 
vious change in the forms of the frames 8 
and the plates 17. For generators of small 
size and capacity they are preferably so con 
structed. 
What I claim to be new is 
1. In a steam-generator, the combination of 

an outer and an inner plate having equal cen 
ter portions parallel and horizontal, and end 
portions of equal width, the end portions of 
the inner plate being bent at right angles to 
the central portion and of the outer plate 
curved outward and downward parallel with 
the end portions of the inner plate; end plates 
closing the top, side, and bottom openings 
between the outer and inner plates and riv 
eted thereto around their edges, and forming 
with the outer and inner plates a boiler-shell 
having vertical rectangular Water-legs open 
ing into the water and steam space between 
the horizontal central portions of the outer 
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and inner plates; plates secured to end plates 
of the legs and forming with the inner plate 
a combustion-chamber for the shell; a flue for 
the combustion-chamber extending centrally 
through the top of the shell; parallel rows of 
inclined water-tubes connecting opposite legs; 
plugs in the outer plate opposite the ends of 
the tubes; stay-bolts at intervals through the 
outer and inner plates of the shell and se 
cured thereto; a water-feed pipe connected to 
one or more legs of the shell and a steam pipe 
or pipes tapping the steam-space. 

2. In a steam-generator, the combination of 
an outer and an inner plate having equal cen 
ter portions parallel and horizontal and end 
portions of equal width, the end portions of 
the inner plate being bent at right angles to 
the central portion and of the outer plate 
curved outward and downward parallel with 
the end portions of the inner plate; end plates 
closing the top, side, and bottom openings 
between the outer and inner plates and riv 
eted thereto around their edges, and forming 
with the outer and inner plates a boiler-shell 
having vertical rectangular water-legs open 
ing into the water and steam space between 
the horizontal central portions of the outer 
and inner plates; plates secured to adjacent 
end plates of the legs and forming with the 
inner plate a combustion - chamber for the 
shell; a flue for the combustion-chamber ex 
tending centrally through the top of the shell; 
parallel rows of laterally-sinuous inclined 
water-tubes Connecting opposite legs; plugs 
in the outer plate opposite the ends of the 
tubes; stay-bolts at intervals through the outer 
and inner plates of the shell and secured 
thereto; a water-feed pipe connected to one 
or more legs of the shell and a steam pipe or 
pipes tapping the steam-space. 

3. In a steam-generator, a water-boiler sup 
ported on vertical rectangular water-legs at 
the sides of the boiler, connected together at 
their inner corners by plates and having sep 
arate openings thereto from the body of the 
boiler, and forming a combustion-chamber; 
inclined water-tubes connecting opposite legs, 
and extending through the combustion-cham 
ber; plugs in the outer plates of the legs op 
posite each end of each tube, a central ver 
tical flue for the combustion - chamber ex 
tending through the boiler; a heating-drum 
mounted on the flue; a steam-drum having a 
central flue, concentric with the heating-drum 
and having pipe connection with the steam 
space of the boiler, and a steam-main; dia 
phragms in the heating-drum adapted to di 
rect the heat from the flue around and through 
the steam - drum; and an exit-flue for the 
heating-drum. 

4. In a steam-generator, a Water-boiler sup 
ported on vertical rectangular water-legs at 
the sides of the boiler, connected together at 
their inner corners by plates, and having sepa 

rate openings thereto from the body of the 
boiler, and forming a combustion-chamber; 
inclined water-tubes provided with a series of 
lateral bends or curves, connecting opposite 
legs, and extending through the combustion 
chamber; plugs in the outer plates of the legs 
opposite each end of each tube, a central verti 
cal fuefor the combustion-chamber extending 
through the boiler; a heating-drum mounted 
on the flue; a steam-drum having a central 
flue, concentric within the heating-drum, and 
having pipe connection with the steam-space 
of the boiler, and a steam-main; diaphragms 
in the heating - drum adapted to direct the 
heat from the flue around and through the 
steam-drum, and an exit-fille for the heating 
drum. 

5. In a steam-generator, the combination of 
an outer and an inner plate having equal cen 
ter portions parallel and horizontai and end 
portions of equal width, the end portions of 
the inner plate being bent at right angles to 
the central portion and of the outer plate 
curved outward and downward parallel with 
the endportions of the inner plate; end plates 
closing the top, side, and bottom openings be 
tween the outer and inner plates and riveted 
thereto around their edges, and forming with 
the outer and inner plates a boiler-shell hav 
ing vertical rectangular water-legs opening 
into the water and steam space between the 
horizontal central portions of the outer and 
inner plates; plates secured to end plates of 
the legs and forming with the inner plate a 
combustion-chamber for the shell; a flue for 
the combustion-chamber extending centrally 
through the top of the shell; a series of lat 
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erally-sinuous Water-tubes connecting oppo 
site legs, the tubes being all inclined from 
the horizontal and arranged in parallel rows 
laterally inclined from the horizontal, with 
the rows of tubes of one pair of legs alternat 
ing with the rows of the other pair across the 
combustion-chamber; plugs in the outer plate 
opposite the ends of the tubes; stay-bolts at 
intervals through the outer and inner plates 
of the shell and secured thereto; a water-feed 
pipe connected to one or more legs of the shell 
and a steam pipe or pipes tapping the steam 
Space. - 

6. In a steam-generator, the combination 
with Water-legs located on opposite sides of a 
combustion-chamber, of Water-tubes connect 
ing the water-legs and extending through the 
combustion-chamber at an inclination from 
the horizontal and having coincident lateral 
sinuations all on one side of a line axial to 
the ends of the tubes. 

In witness whereof I have hereunto set my 
hand this 16th day of December, A. D. 1901. 

JACKSON DENIEAL. 
Witnesses: 

I. E. MACOMBER, 
CHAS. A. BOAKE. 

O 

II5 


