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70 all whom it maay concerwn:

Beit known that we, JOEN M. BRADLEded
JOHN F. SENTER, citizens of the United States
of America, resldmn' at Birmingham, in the
county of Jefferson and State of Alabama,
have invented certain new and useful Tm-
provements in Steam-Boilers, of which the
following is a specification.

Our mventlon relates to a combined water

and smoke tube boiler designed for simplie-
1ty,.increased strength, :.:md steaming capac-
ity, wherein the bmler has riveted to either |
end and forming a continuous chamber there-.

with two enlalﬂ'ed circular water-legs suit-

ably connected by vertical pipes with a steam

and water dome disposed above the furnace-
casing.
boﬂer shell and are connected by one or more
series of water-tubes disposed around said

shell and outside thereof and riveted to the

inwardly-disposed flanges of suitable open-

ings placed at intervals in the inner walls of
said legs and so arranged that the flames from .

the furnace grate can pass around and be-

~i{ween them a,nd exert their influence on the

boiler. The productsof combustion areforced
to pass entirely around the boiler and the
tubes by a deflecting-wall which surrounds
the inner water-leg and extends above the
same and which alse by reason of its prox-
imity tothe grate is maintained in so heated
a state that 113 serves to ignite all the non-
combusted gases among the products of com-
bustion. These products pass over this wall
into & combustion-chamber, from which they
enter a series of smoke return - tubes and
pass through the boiler to the stack. The
boiler is suitab]y suspended within the fuar-
nace-casing and inclined at an acute angle
greater than forty - five degrees to insure
aﬂ‘amst the collection of sediment in the wa-
ter-tubes and i1ncrease the draft of the fur-

nace.

Ourinvention embodies certain other novel

features of construction and arrangements of

parts, all of which will be hereinafter more

fully described, and particularly pointed out
in the claims, reference being had to the ac-
companying drawings, lllustratmfr ourinven-

tion, in which— |
mee 118 a longitudinal vertical section

of the furnace and boller provided with a

The legs are -concentric with the

sinﬂle series of exterior water-tabes.

flecting- wall.

Flﬂ'
18 & perspective view of the boiler and its wa-
ter-legs, provided in this instance with a

ﬁdouble series of exterior water-tubes, and
also showing the furnace-grate and the de-.
Fig. 3is a detall view of the
sectional brace-rods which pass centrally
through the larger water-tubes and connect
the boiler ends.

In the drawmﬂs similar reference-r -numer-
als refer to snmlar parts throughout. |
The boiler 1 is suitably suspended within

the furnace-casing by rods 2, having hooks

at their lower ends to engage loops or brack-

ets 3, riveted to the sides of the boiler and at

‘their upperends passing through the furnace-
casing and the upper stationary beams and
,threaded to engage adjusting-nuts, whereby
the shell may be raised or lowered or.its an-
gle of inclination varied. The boiler is thus

capable of -a free expansion in all directions
without strain to its setting or the furnace-

casing.
horlzontally above the furnace-casing, con-

nects with the water-legs 5 and 6 of the boiler
through the vertical pipes 7 and 8.

These

Wa,ter-]eﬂ's are. substantlally concentric with
the b01le1 1and.have theirinner circular walls

9 stamped with oppositely- disposed flanges
10 and 11.:

The boiler-shell, which is rweted
to the ﬂanges 10, has its ends extending sev-

‘eral inches beyond this point of connection
into the water-legs, and a series of brace-rods.
12, bolted to sald ends and to the outer walls

13 ot the legs, serve to materially strengthen
and brace the same. The curved side walls
14 are riveted to the flanges 11 of wall 9 and
similar flanges on wall 13. Suaitable man-
holes are provided in either end of the boiler
for inspecting and cleaning the same. The
water-legs and shell 1 form & continuous
chamber tthllﬂ‘h which the water freely cir-.

A steam and water dome 4, arranged
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culates; but the principalcirculation between 95

the lef—'s takes place through a series of en--

lalwed water-tubes 15, disposed around the

boﬂer-shell and eonnected at either end to.

the inner walls 9 of said legs. Suitable open-
ings are stamped in said walls to receive the

100

tubes and are provided with inwardly-dis- .
posed flanges, to which the ends of the tubes
are riveted, by which arrangement the riv-
ets are removed from the direct action of
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the flames and the connection accordingly
strengthened. In addition to this series of
water-tubes we may provide a second series,
numbered 16, as shown in Fig. 2, or any de-
sired number of such series; butin this case
it is necessary to increase the diameter of the
legs sufficiently to enable such series to be
arranged between the larger tubes and the
boiler - shell. These inner tubes are much
smaller in diameter than the outer tubes and
are preferably staggered, so that they present
o maximum heating and steaming area to the
furnace-flames, which passin and out among
these tubes and around the boiler-shell before
entering the combustion-chamber.

The smoke-return tubes 17 lead through

the water-legs and the boiler to the stack and
have their ends, which pass through suitable |

openings in the outer walls 13, expanded and
beaded, so that they will serve to strengthen
the boiler against longitudinal expansion.
To further strengthen the boiler, wehave pro-
vided brace-rods 18, which pass centrally
through the large tubes 15 and are fastened
by cotter-keys to suitable lugs 19, bolted to
the inner side of the walls 13. Preferably
thése rods are made in several sections put
together and welded eyebolt fashion and each
of such a length that when desired the cot-
ter-keys can be removed and the brace-rod
drawn from the tube into the water-leg and
out of the boiler through a manhole, thus en-
abling them to be replaced or repaired with-

out it being necessary to remove the tube

itself or the end plate of the boiler. One of
the end sections is provided with a turn-
buckle 20, welded thereon and having its
other end engaging the screw-threaded shank
of an eye 21, through which the cotter-key
passes in securing the rod to the lugs 19, and
by this means any variation or wear in the
rods is compensated and they ean be adjusted
to an equal temsion around the end wall.
Thus in addition to the strengthening effect
of the beaded tubes 17 we provide the brace-
rods 12 and 18 and arrange them around said

 tubes, so that their strength is equally dis-
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“do not directly impinge.

tributed over the whole end walls 13, and
since all parts of the boiler and water-tubes
are subjected tothedireetaction of theflames
there will be no tendency of the boiler to warp

|

- tubes.
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provide a deflecting-wall 23, which surrounds
the lower water-leg and extends above the
same until it forms, with the arched furnace-
roof, an opening through which the products
enter a combustion-chamber 24. This wall
is located immediately behind the bridge-
wall of the furnace and slants rearwardly to
present less of an obstruction to the products

‘of combustion in their passageover the same.

This wall also serves another importantfunc-
tion, for by reason of its proximity to the
orate it is maintained in so highly heated a
state that when the non-combusted gases in
the smoke strike it in being deflected they
are ignited, and in this condition they enter
the ecombustion-chamber 24, from which they
pass, still burning, through the smoke-tubes
17 and thenece to the stack. When the fur-
nace is worked at its maximum capacity, all
of the non-combusted gases may not be com-
pletely ignited by the wall. 50 we find it of
advantage under such circumstances to use
a small auxiliary grate placed in the lower
part of the combustion-chamber, 80 that 1t
will not interfere with the draft to the smoke-
Whenever it is necessary, a coke fire
is lighted on this grate 29, which serves to ig-
nite the gases and consume the smoke and
at the same time to superheat the products
that may have been somewhat chilled while
passing around the boiler, so that active com-
bustion at the same time surrounds the boiler
and passes through it. By giving the boiler
this angle of inclination we not only increase
the furnace-draft by giving an almost verti-
cal draw through the smoke-tubes from the
combustion-chamber to the stack, but we pre-
vent any sediment accumulating in the wa-
ter-tubes, causing them to blister, for obvi-
ously all such sediment will settle in the bot-
tom of the water-leg 5, where it can be con-
veniently blown off through the pipe Zo.
We prefer tointroduce water into the boiler
atits coolest point. Therefore we arrange the

feed-pipe 26 so that it enters the water-leg 5

at its lowest point, which is behind the fur-
nace bridge - wall. This pipe has a down-
wardly -directed nozzle, which tends to de-

posit all sedimentary matter suspended in

the feed-water directly over the blow-off pipe
and to assist in the accumulaton of sediment

from an unequal expansion or pressure strain from other points of the boiler at the same

and it will be impossible to blow off a head.

place. From the highly - heated tubes the

The boiler which we have thus fully de- | water flows into the leg 6, through pipe 8, Into

sceribed issuspended at an acute angle greater
than forty-five degrees within the furnace-
casing, which is arched and built to surround

the boiler closely, so thattheflamesaund gases |

will have their full effect on the tubes and
that portion of the shell against which they

The grate 22 of the
furnace isineclined slightly in the same cGirec-
tion as the boiler, so thatit will distribute 1ts

heat moreevenlyover the same. To causethe |
products of combustion to pass around the

boiler and water-tubes,completely enveloping

them before entering the smoke-tubes, we

l

‘the dome 4, and from thence through the pipe

7 down into the leg 5 and the boiler. A

blow-off pipe 27 removes all sediment accu-.

mulating in the bottom of leg 6.

The steam-pipe 28 is disposed horizontally
within the dome 4 and provided with a series
of inlet-perforations in its upper side, so that
only dry steam will be drawn oft. |

We also provide cement basins 30 beneath

each grate and keep them filled with water,
which has the effect of equalizing the heat of
the grate-bars and prevents their warping.

By the construction of our boiler and 1its
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Increased strength we are enabled to use wa-
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ter-tubes of very large diameter, thus making
the boiler easy to clean and inspect and also
reducing to a minimum the clogging of the
tubes by sedimentary deposits.

Having thus described ourinvention, what
we cla,lm as new, and desire to secure by Let-
ters Patent, is—

1. In a combined smoke and water tube
boiler, the combination of a boiler-shell, en-
larged water-legs secured to either end there-
of and communicating therewith, a series of
water-tubesconneciingsaid legsand arranged
around said boiler-shell on the outside there-

of, a series of smoke-tubes passing through

said boiler, and means for causing the prod-
ucts of combustion to pass entirely around
the boiler and water-tubes before entering
the smoke-tubes in the manner subs‘rantlally
as set forth.

2. In a combined smoke and water tube

boiler, the combination of a boiler-shell, en-
]a,rn'ed water-legs secured to either end there-

of and commn nicating therewith, a plurality

of water-tubes communicabing with said wa-
ter-legs and disposed around the boiler-shell,

a plurality of smoke-tubes passing through .

sald boiler, and a deflecting-wall surrounding
the lower end of the boﬂer .

3. In’a combined smoke and water tube
boiler, the combination of a boiler-shell, en-
larged water-legs secured to either end there-
of and communicating therewith, a plurality
of water-tubes commnnicatin o With said wa-
ter-legs and disposed in series around the
boiler-shell, the tubes in the outer series be-
ing larger in diameter than those of the in-
ner series, and a plurality of smoke-tubes
passing through said boiler, substantlally as
described.

4. In a combined smoke and water tube
boiler, the combination of a boiler-shell, en-
larged water-legs secured to either end there-
of and communicating therewith, a plarality
of water-tubes communicating with said legs
and disposed around the boiler-shell, a plu-
rality of smoke-tubes passing through said
boiler, the whole being freely and adjustably

suspended within the furnace-casing and in-

clined at an acute angle greater than forty-
five degrees, and means for causing the prod-
ucts of combustion to pass entirely around

sald boiler and water-tubes before entering

the smoke-tubes, in the manner substantially
as described.

5. In a combined smoke and water tube
boiler, the combination of a boiler-shell, en-

larged water-legs secured to either end there-
of, meansfor establishing communication be-
tween said legs both inside and outside said
shell, smoke - tubes passing through said
bmler the whole being suspended within the
furnace casing at an mclmatlon and a de-
flecting-wall surroundln o the end of the lower
Wa.ter-leg substantially as described.

6. Ina furnace,the combination ofa boiler-

&

end thereof, a imber circulation between said

legs through the shell and through.a plurality
of tubes external to said shell and connected
to said legs, smoke-tubes passing through
said boiler, means for suspending the said
boiler at an angle within the furnace-casing,
a grate inclined in the same direction as the

| bmler a deflecting-wall surrounding thelower
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leg of sald boiler a,nd inclined in the direction

of the escape of the products of combustion,
substantially as described.

7. Inafurnace, the combination of a boiler-.

shell, _
withsaid shell and secared tothe endsthereof,

enlarged water -legs communicating

a plurality of water-tubes arranged between

said legs as a circulating means, bracing-rods

passing through said tubes and means for de-

tachably eonnectmn‘ said bracing-rods to the

8o

outer walls of said len's, substanma,lly as de- .

seribed.
8. Inafurnace, the combination of a boiler-

shell, enlarged Wa,ter legs communicating
with sald shell and secured totheendsther eof
a plarality of water- tubesconnecting said legs
as a circulating means and disposed sym-
metrically around the boiler, and bracing-
rods detachably secured at either end to the
inner faces of the outer walls of said legs and
passing through said water-tubes, substan-
tially as described. o

go

g5

9. Inafurnace, the-combmatmn of a boiler- |

shell, enlarged water-legs communicating
with sa,id shelland securedto the ends thereof,

10

a pluarality of tubes communicating with said
water-legs and disposed in series around the

boiler-shell, the tubes of the outer series be-

ing larger in diameter than those of the inner

series, and brace-rods for the outer walls of

| said legs passing through said larger tubes,

substantmlly as described.

10. In a furnace, the combination of a boiler
having enlarged water-lews, and a plurality
of Water tubes connecting said legs, with sec-
tional brace-rods passing throucrh said tubes
and detachably connected W1th1n said legs to

the outer walls thereof, said sections being_

flexibly connected. |

11. Inafurnace,the combination of a boiler
having enlarged water legs, and a plurality
of. Water-tubes connecting sald legs, and ar-

ranged around said shell on the outside

thereof, with brace-rods composed of sections

flexibly connected together and passing

through said water-tubes, means for detach-
ably connecting said rods to the outer walls
of said legs, and means for adjusting them,
substantially as described. |

12. In a furnace, a boiler havmﬂ' en]arwed
water-legs,aplarality of water- tubes connect-

105
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ing said legs outsideof the boiler-shell around

whlch they are arranged in series concentric

therewith, and means whereby the products

of combustion are forced to pass entirely
around the boiler and tubes giving an equal

130

expansion of the same, before entering the
combustion-chamber, in combination Wlth a. .

shell, enlarged _water-legs secured to either | plurahty of smoke tubes lea,dmﬂ' centrally |
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through said boiler and having their ends | smoke-return tubes leading from said cham- 13

beaded after passing through the end plates
of said legs, a plurality of brace-rods bolted
to the ends of the boiler-shell and to said end
plates, and a plurality of brace-rods passing
through said water-tubes and bolted to the
respective end plates, and all arranged sym-
metrically about said smoke-tubes, substan-
tially as described.

13. In a steam-boiler furnace, a grate, a
bridge-wall therefor, a boiler suspended at

an angle above said grate and having watler-

legs, a deflecting-wall surrounding the lower

of said water-legs, a combustion-chamber, |

ber through the boiler, and a feed-water pipe
entering said lower leg at a point below and
behind said bridge-wall, substantiaily as de-
seribed. |

In testimony whereof we have hereunto set
our hands in presence of twosubseribing wit-

nesses,

JOHN M. BRADLEY.
JOHN F. SENTER.

Witnesses: |
Rost. D. JOHNSTON, Jr.,
HucH M. HARTON.
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