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Brace-rods are always an objection in water 
flue boilers, because as they have to pass 
longitudinally through flues they tend to 
limit the capacity of and consequently the 
circulation of water through those flues, ren 
dering the latter liable to burn out. Further 
more, the rods being always surrounded by 
water and subjected to the corrosive influ 
ence thereof, are apt in time to become so 
weakened as to be ineffective. The objection 
urged against water-tube boilers which in 
volve the use of an inner shell, on the prin 
ciple of the shell B, is that the resistance of a 
large cylinder against collapsing is relatively 
weak and necessitates the employment either 
of an inner cylinder of very heavy material, 
which is not practical, or else of numerous 
short tie-rods between the inner and outer 
shell, which make the construction expen 
sive and tend to interfere with the free cir 
culation of the water. In our construction 
we effectively overcome this objection, prefer 
ably by corrugating the inner shell B, as in 
dicated. The strength thus gained renders 
the resistance of the inner shell against col 
lapsing under the force of the steam suffi 
ciently great to obviate all danger. In the 
forward portion B" of the shell the corruga 
tions may extend only over the arched por 
tion and terminate at the side plates t, the lat 
ter being braced by stay-bolts il through the 
water-leg. As the circulation of the water in 
the water-leg is much slower than in the up 
per portion of the boiler, the presence of the 
Stay-bolts is no objection, but rather an ad 
vantage, because, besides strengthening the 
side walls of the fire-chamber, they form heat 
conductors, which aid materially in raising 
the temperature of the water in the water-leg. 

In operation water may be fed into the 
Water-leg, as through a pipe X, whence it 
rises throughout the water-leg, water-jacket 
p', chambers pºpº, and flues gº to the water 
lime at y. Fuel is fed to the fire-chamber C 
through the usual door e and the products of 
combustion rise in the forward part of the 
flue-chamber and, passing backward about 
the flues, escape through the outlet Cº. The 
water as it enters at X is first heated in the 
water-leg by radiation from the fire-chamber 
wall and from the bolts l. As the tendency 
of the products of combustion is to pass di 
rectly to the top of the chamber, the flues are 
subjected at their end portions adjacent to 
the tube-sheet q to the first and, consequently, 
the greatest heat. In the backward and 
slightly-downward movement of the products 
of combustion substantially all the available 
heat thereof is absorbed through the tubes 

As a result of this con 
struction the tendency of the greater volume 
of water is to flow from the water-leg back 
ward through the water-jacket to the cham 
ber pº and thence through the tubes to the 
chamber q. Thus the greatestheat is brought 
to bear against the water at the eduction ends 

of the tubes, which is a decided advantage in 
steam-generation. The incline of the tubes 
greatly facilitates circulation and is a safe 
guard against the tubes being burned. It has 
been found that where the tubes extend hori 
zontally and are subjected to a greater de 
gree of heat at a certain part than at others 
the tendency is for the water to become va 
porized at that part and by expanding in op 
posite directions to so retard the circulation 
as to cause burning of the tubes. In our im 
proved boiler this danger is overcome by in 
clining the tubes and by affording the en 
larged énd chambers pº pº, which prevent 
crowding, in the sense that they provide a 
free supply at the induction ends of the tubes 
and a free exit at the eduction ends thereof. 
The man-heads W in the boiler-heads af 

ford facilities for free access to the tubes, end 
chambers, and water-jacket when desired. 
While the heat directly over the fire-box 

would in practice tend to keep the tubes 
there free from the accumulation of soot and 
ashes, there is danger that in the part of the 
filue-chamber back of the fire-box tihey will 
accumulate upon the tubes, and being non 
heat conducting interfere with the heating 
of the water at the rear end portion of the 
boiler. In order that the tubes and flue 
chamber may be cleared from time to time 
from the accumulations of ashes and soot, 
we provide one or more comparatively small 
tubes ke through the lower part of the water 
jacket and inner and outer shells to afford 
air-inlets to the flue-chamber. 
may be closed normally by means of valves 
k', which seat over their outer ends and are 
held seated preferably by means of springs 
kº about the valve-stems and con fined be 
tween brack?ts kcº on the ou ter shell and the 
outer faces of the valves. The stems may be 
rovided with handles ke“, whereby the valves 

may be readily withdrawn from their seats 
against the resistance of the springs to open 
the passages and admit a gust of air. The 
air will enter with such force as to drive the 
accumulated ashes and soot from the base 
and sides of the flue-chamber and from the 

By opening one or both valves from time to 
time the boiler-tubes will be kept free from 
non-heat conducting accumulations. 
The main advantages claimed for water 

flue boilers over those of the smoke-flue type 
are, first, the more rapid production of steam 
due to the water’s being subjected to the heat 
in comparatively small streams instead of in 
a body, and, second, on account of the quicker 
and greater absorption by the water of heat 
frõm the products of combustion, which tends 
to economy in the use of fuel. All the fea 
tures of our improved construction contrib 
ute toward the obtaining of the advantages 
named in an enhanced i degree, and further 
more toward making the boiler particularly 
strong, durable, and economical to manufac 
ture. 
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What we claim as new, and desire to secure 
by Letters Patent, is— 

1. In a water-tube boiler, the combination 
with the fire-chamber of inner and outer shells 

5 inclined downward in the backward direction 
and forming between them an inclined water 
jacket, end circulating-chambers, and an up 
per steam chamber, the inner-shell forming 
the casing of a longitudinally extending flue 

I o chamber, inclined downward in the backward 
direction, which is in open communication at 
its lower forward end portion with the fire 
chamber, closed at opposite ends with tube 
sheets and having an outlet at its upper rear 

I 5 end portion extending through the water 
jacket, and tubes in the flue-öhamber inclined 
downward in the backward direction and fas 
tened at opposite ends in the tube-sheets to 
extend at their higher end-portions over the 
fire-chamber, substantially as and for the pur 
pose set forth. 

2. In a water-tube boiler, the combination 
with the fire chamber of inner and outer shells 
forming between them a water-leg about the 

25 fire-chamber, an inclined water-jacket and 
end circulating chambers, the inner - shell 
forming the easing of a longitudinally inclined 
flue chamber which is in open communication 
at its lower forward end-portion with the fire 

3o chamber, closed at opposite ends with tube 
sheets and having an outlet at its upper rear 
end portion extending through the water 
jacket, and inclined tubes in the flue-chamber 
fastened at opposite ends in the tube-sheets to 

35 extend at their higher end-portions over the 
fire-chamber, substantially as and for the pur 
pose set forth. · 

3. In a water-tube boiler, the combination 
with the fire chamber of inner and outer shells 
forming between them an inclined water 
jacket and end circulating chambers, the in 
ner-shell being cylindrical and provided with 
annular corrugations and forming the casing 
of a longitudinally inclined flue chamber 

45 which is in open communication at its lower 
forward end-portion with the fire chamber, 
closed at opposite ends with tube-sheets and 
having an outlet at its upper rear-end portion 
extending through the water-jacket, and in 

5 o clined tubes in the flue-chamber fastened at 
opposite ends in the tube-sheets to extend at 
their higher end-portions over the fire-cham 
ber, substantially as and for the purpose set 
forth. 

55 4. In a water-tube boiler, the combination 
with the fire chamber of inner and outer 
shells forming between them an inclined wa 
ter-jacket and end circulating-chambers, the 
inner-shell forming the casing of a longitudi 

6o nally inclined fue chamber which is in open 
communication at its lower forward end-por 

2 O 

as and for the purpose set forth. 

tion with the fire chamber, closed at opposite 
ends with tube - sheets and having an out 
let at its upper rear-end portion extending 
through the water-jacket, and the heads of 65 
the outer shell being dished to present con 
cave inner sides, and inclined tubes in the 
flue-chamber fastened at opposite ends in the 
tube - sheets to extend at their higher end 
portions over the fire-chamber, substantially 7c 

5. In a water-tube boiler, the combination 
of the outer shell having the enlarged for 
ward portion and reduced and cylindrical 
downward inclined rear portion and provided 75 
at opposite ends with heads having concave 
inner faces, an inner shell forming a flue 
chamber closed at opposite ends with tube 
sheets and having the en larged forward por 
tion corrugated at its upper side and shaped 
at its lower part to afford a fire-chamber and 
reduced and cylindrical downward inclined 
and circumferentially corrugated rear-por 
tion, within and concentric with the outer 
shell, and having an outlet flue, the shells 85 
forming between them a water-leg about the 
fire-chamber, a water-jacket, en larged end 
chambers, and a steam-chamber in the en 
larged forward portion, and tubes in the flue 
chamber inclined downward in the backward 9 o 
direction and fastened at opposite ends in 
the tube-sheets to extend at their higher end 
portions over the fire-chamber, all constructed 
and arranged to operate substantially as and 
for the purpose set forth. 95 

* 6. In a water-tube boiler, the combination 
with the flue-chamber, for the passage of hot 
products of combustion, and water tubes 
therein, and water jacket about the said 
chamber of an air-inlet passage extending 
through the water jacket to the lower part of 
the flue-chamber, a valve normally closing 
said passage and operative to open and admit 
air through said passage to the flue-chamber, 
substantially as and for the purpose set forth. 

7. In a water-tube boiler, the combination 
with the flue-chamber, for the passage of hot 
products of combustion, and water tubes 
therein, of an air-inlet passage through the 
shell of the flue - chamber, a spring seated 
valve normally closing said passage, and a 
stem on the valve forming a handle by means 
of which the valve may be opened against the 
resistance of the spring to admit air to the 
flue - chamber, substantially as and for the 
purpose set forth. 

ANDREW WILDMAN. 
HENRY WILDMAN. 
WILLIAMI WILDMAN, 

In presence of— 
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