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(No mndel )

To all whom it Ny concern o
Be it known that I, Francis J. DOYLI::, of the

~city of Chicago, c,ounty of Cook, and State of

Illinois, have invented certain new and-useful

Improvements in Steam-Boilers, of whlch the |

following is a full description.

This invention relates to impr ovements 111"'
cally to

steam-boilers, and refers more speci
boilers of the tubulous type. .
Among the salient objects of the mventlon

~are to prowde an improved construction and

.,1'5
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arrangement wherein the heated gases and

pr oducts of combustion are caused to so cir-

culate through the boiler as to imparta maxi-

mum proportion of their heat umts to -the
steam-generating liguid before escaping to the

chimney or other outlet; to provide a -con-

struction wherein the hot gases are circulated
through successively 000191 parts ot the boiler.
and 13]16 steam-generating liquid 1s likewise:

circulated thr ouﬂ‘h successwely hotter. parts

or zones of the boiler, the hottest gases being
first circulated through those portions of the

boiler wherein the steam has been brought to
its highest temperature and then passed suc-
cesqwely through zones or portions of the

boiler containing steam or liquid of lower and
lower temperatures, so that the heated gases
are

inally cir culated throughthe coolest parts
of the boiler, or those parts Wherem the steam-

generating hquld is initially heated before es--
‘caping to the chimney, and, in general,

to pro-
vide 1n a boiler of the cllalacter above re-

~ ferred to improved details of construction

35

and arrangement contributing to the econom- |
| the boiler and of somewhat less diameter than

~ ical manufacture of the boiler, to itsefficiency,

) 40'

following description, 1

~and to the readiness with which it may bef
cleaned and operated. - o

To the above ends the mvenmon consmts in |
the matters hereinafter descubed and more
particularly pointed out in the appended
claims, and will be readily understood from the
reference being had to

the accompanying drawings, wherein—
- Figure 1 is a view In ¢ a,mal vertical section

of a 1)01161 embodymcr a prefer red form of my
Fig. 2 is a transverse or horizon-
tal sectional view taken on line 2 2 of Fig. 1
“and looking upwardly. Fig.

Invention.

318 a snmlm

50 sectional view taken on the same lme 22 of

hor 170ntal %ectlonal view taken on lme 4 4 of
Fig. 1 and looking downwardly, and Fig 5 is

Refellmo‘ to said drawings, 10 desw‘nates

as a Whole an outer shell or boiler-casing,
‘shown in the present instance as cylindric
provided with a convex or dome-shaped

and
upper end wall 11 and a horizontal or flat

' Fw 1, but lookmcr downwardly Fig.4isa .

a similar sectlonal view taken on line 55 of
said Fig. 1. |

55
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lower end wall 12, arranged to rest in the
pr esent instance upon a suppmt 18, forming

a part of the outlet-flue 14, commumc&tmﬁ' |

heated gases. Within the outer shell is ar-
ranged a hollow cylindric or annular vessel
(deswnated as a whole 15) of considerably
smaller external diameter than the internal
diameter of the boiler-shell, its outer and in-
ner walls being lespectlvelv designated 16

terior 1s completely separated from that part
of the interior of the boiler exterior thereto.

- 90 designates as a whole a centrally -dis-

posed cylmdl ic chamber having an external

~diameter considerably less than the internal

diameter of the hollow member 15 last above

| described, said central member being provided
with convex top and bottom end walls 21 and
22, respectively, and being arranged to ex-
"tend somewhat above the upper end of the

member 15, as indicated clearly in Fig. 1

with a furnace or other _sultable source’ ot_ |

70

and 17 and havmﬂ* closed top and bottom end |
‘walls 18 and 19, 1eslaect1vely, whereby its in-

75
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923 deswnates an inner cylindric she]l ar-

ranged concentrically within the outer shell of

the latter, so as to provide therewith an outér
| annular chambel 924,

extending throughout
practically the full hew*ht of the boiler and
having closed top and bottom walls 25 and 26,
reslaectwelv The lower wall 26 is, however,
located some distance above the base wall 12
of the boiler, so that a. secondary. annular

Q0

| space or chamber 24’ is formed 1mmedlatelv :

f'below the chamber 24.
97 designates an annular com*ex partition-
wall @Xtendmu* from the inner surface of the
cylindric shell 23 inwardly to the upper end
of the central chamber 20 and forming a cir-
‘culating-space 28 above the upper LIld_ of the
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annular memberl5, which affords communi-
cation between the spaces inside and outside
of said annular member 15, while at the same
time separating that part of the boiler which
contalins said annular member 15 from the up-

per part or chamber 29 in the top of the boiler.

30 designates an annular base-wall upon
which the annular member 15 rests, said wall

forming, in conjunction with said annular

member, an annular partition which com-
pletely separates that part of the boiler with-
1n the annular member from that pert exterior
thereto except as communication is afforded
between said parts through the circulating-

space 18 over the upper end of the annular
partition.

31 designates a series of fire tubes or flues
arranged to extend through the central cham-
ber 20 from end to end thereof and opening
1nto the spaces above and below said chamber,

i

and 32 designates similar fire tubes or ﬂues '

extending thI'OllG'h the ehamber 24 from end

to end thereof and opening 1into the space 29
above said chamber and into the secondary
chamber 24" below the same.

From the furnace-flue 14 a passage 33 (see

Fig. 3) leads upwardly into the annular space

| between the outer chamber 23 and the annu-
lar member 15, this passage being controlled

by means of a demper 34, which is pivoted at
one side, as at 36, so as to be capable of being
SWung downwardly into position to close the
extension 14’ of the main flue which commu-
nicates directly with the main outlet 37 of the
boiler, the latter leading to the chimney or

other outlet.
It will be seen from the foregoing that the

products of combustionrising throu o‘h the pas-

- sage 33 will be caused to aeeend throucrh the

4.0
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annular space exterior to the annular member.
15, will pass over the upper end of said hol-.
| low partition inwardly through the space 18,

and down between the interior of the hollow
member and the exterior of the central cham-
ber 20 to the space below the latter, then clir-
culate up through the fire-tubes 31 of said cen-
tral chamber to the space 29 1n the upper part
of the boiler, pass radially outward therein,

~and then return downwardly through the fire-
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tubes of the outer annular chamber 24 and es-
cape into the secondary chamber 24', which,,

as shown clearly in the drawings, communi-

cates dlrectly with the flue 37, leadmcr to the,

chimney.

and its upper end 39 bemﬂ' 1IN open communi-
cation with the interior of said chambex

40 designates a water -supply pipe leadiﬁm,

in thr ouo'h the outer shell of the boiler into

the ehambel 24" and eommumeatmo with the

Describing now the water and steam Sys-
tem of the boﬂer 38 designates a hollow an-
nular and evhndrlc Vessel disposed concen-
trically within the outer chamber 24, so as to
divide the interior thereof, its. lowel end be-
ing closed by the end wall 26 of said chamber

749,850

interior of the chamber 24 throub*h branch
pipes 41 and 42. © The water admitted thr ough
sald pipe 40 rises within the chamber 24 and

passes 1nto the open upper end of theannular

receptacle 38 therein, from the lower end of
which 1t is conducted to the interior of the

central chamber 20 through a plurality of pipes

43. The central chamber 20 is provided with

. an annular or cylindric shell 44, arranged con-

centrically therein and rising from the bottom
wall to a point near-the upper end thereof,
thus dividing said chamber into inner and
outerspaces. Thepipe43 communicates with
the outer space of said chamber, and the liq-
uid rising through this space entels the space
within the shell 44 and passing downwardly
escapes from the lower end of said cham-
ber through a plurality of radlally—dlspesed
pipes 45.

Within the annular hollow partltlon 15 1s
arranged a second hollow annular member,
(deewnated as a whole 46, ) smaller in all its di-
menslons than the interior of the member 15
and provided both internally and externally

with a series of radiating tubes 47, which com-.
municate with the interior of the vessel 46

and are open at their outer ends. The inner
and outer surfaces of the member 15 are like-
wise provided with tubular or porcupine-like
projections 48, which inclose the several radi-
ating tubes of the inner member, the projec-
tions 48 being of larger dimensions than the
radiating tubes so as to form therewith in-
closing spaces. The several radial pipes 45
communicate at their outer ends with the lower

end of the 1 Inner annular hollow member 46.

the liquid rising through this member escap-
ing through the severa,l radiating tubes into
the member 15. From the upper end. of the
member 15 lead off a plurality of steam- -pipes
49, which extend upwardly through the top
Wall 11 of the boiler-shell and open into a

steam dome or chamber 50, formed upon the |

upper end of the boiler, from which steam-
dome the steam is conducted to any required
source of consumption through an outlet-pipe
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Preferably a series of pipes 52 are ar-

ran ﬂ'ed to connect the upper end of the cham-

ber 24 with the several steam-pipes 49, the.

object of this arrangement being to promde

11§

escape for any steam which may be formed

within the chamber 24.
In order that the products of eombustlon
may be compelled to take a more . tortuous

course 1n circulating through the passages of
~the boiler, the exter: jor of the. annular mem--

ber 15 is provided with a helical flange or par-
tition 52, extending from top to bottom. there-

| of, so as to d1v1de the space intervening be-
tween the exterior of the annular member and
| the interior, of the cylindric shell 23 and com-
| pel the produets of combustion to circulate
_elrcumferentlally as they rise.

For the same

‘purpose a similarflange or helical partition 53
1s arranged upon the “interior of the annular

120
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- toafford adirect d:t aft to the chimney.

30

- per end of the latter, thence passing through

35

40
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member 15 and extending between the latter
and the exterior of the cemra,l chamber 20, as
indicated clearly in the drawmﬂ's

In order to facilitate the ¢ blawmw out or
cleansing of the boiler, outlet-pipes 54 and 55

are pr ovlded commumcatmw with the bottom’

of the annulm member 15 and the central
chamber 20, respectively, the latter chamber
being pmmded at its center with a down-

W&Ile extending extension 20 to tamhtate_

the collection of the sediment and also in or-
der to afford a more convenient means of unit-
ing the pipes 45 therewith.
out pipes 54 and 55 is pr 0V1de.d with a suitable

controlling-cock, as 56 and 57, respectively.

The operamon of the boiler constructed as
above described may be briefly detailed as fol-
Jows: During the starting of the fi

re the dam-
per 34 of the outlet-flue 14 of the furnace is

turned up into horizontal p031t1011, as shown

in full lines in Fig. 1 of the drawings, so as

the boiler is to be brought into operation,

however, the damper 34 is turned down into
the position indicated.in dotted lines, so as to
compel the products of combustion to cir cu- |
‘The hot gases enter-
Ing throucrh the passage 33 pass upwardly_.
through the helical passage between the innér

late through the boiler.
surface of the outer chamber 24 and the outer
surface of the annular chamber 15 to the up-

the space 18 to the annular space between the
central chamber and the inner surface of the

chamber 15 and downward]y through the heli-
cal passage formed by the inner ﬂanﬂ'e or par-
tition 53.

It will be understood hat In cir-
culating through the passages referred to the

oases cu:'cula,te all around the several porcu-

nine-like projections 48 upon the outer sur-
faces of the member 15.

 bustion enter the space which communicates

~ with the f

passing up through these latter to the upper
space 29 of the boﬂel and then passing radially

outward to the inlet ends of the fire-tubes of _

 the outer annular chamber24. From the lower

50
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ends of the fire-tubes of the outer chamber the
products of combustion escapeinto the second-

ary chamber 24" and from thence pass into the

main outlet or flue 37, leading to the chimney.

The water and steam aitel' the water has been’

converted into steam is circulated thr ough the

boiler 1n a manner which 1s substa,ntlally the.

reverse of the circulation of the hot gases—

“that is to say, the water 1s first admltted to
the foot of the outer annular chamber 24 |

through the inlet-pipe:40, rises through said

chambel to 1ts upper pmt and then passes

downwardly through the hollow annular space
38, from which 1t is conducted to the outer

-_ '%pac,e of the central chamber 20 through the

_65

several pipes 43, rises through said outer space

tO the upper part of the cha,mbel then retur ns

‘Each of the blow-

When |

At the lower end of
- the inner helical passage the products of com-

re-tubes of the central chamber 20,

‘downwardly through the centr a,l portion

thereof, and - is conveved to the foot of the
annulm member 46 through the pipes 43,

rlsmcr' within said annular membel and escap-

Ing thl ough the several r adla,tmcf tubes of the
lattet.} :emd finally passing off in the form of

superheated steam through the steam-pipes
| 49 to the dome 50. It will' be observed that

the water in its coolest condition is first in-
troduced to the outer chamber 24, through

| wluch the hot gases are performing theu final
circulation and wherein they have I eached__.

their lowest temperature before escapmcr to
the chlmney Likewise the water is trans-

ferred from the outer chamber 24 to the cen-
tral chamber in its second stage of; heating,
through which the gases are clrculated just

pr ewously to their passage to the outer cham-

bel and finally the water and steam are cir-
culated through the interior of the hollow

member 15, whlch is enveloped with the gases.
just received from the furnace, and therefore
| hawng the highest temper ature which obtains

in the boiler. The result of this construction

‘and arrangement is that the gases impart a

maximum portion of their heat units to the

liquid, that the steam generated is brought to

an extremely high temperature, and that the
amount of heat Jost by mdmtwn is reduced
to a maximum, since the outer parts of the

.boﬂel which are exposed to the external cool-.
‘ing effects contain the liquid and gases of the "
Jowest temperature.
IOI e, that I attain the several ob]ects of my

It will be seen, there-

invention and at the same time provide an

‘extremely compact and comparatively cheap

construction, it being noted that the several

annular elements may be very cheaply con-

structed and &ssembled, while the tubular
parts are all composed of straight tube-sec-
tions which are obviously also oapable of very
economical construction. It will of course be
understood that the details of construction
may be modified without departing from the
invention—as, for example, the boller would
be entirely practlcable 1f the helical partition
webs or flanges were omitted and likewise the
construction would be operative, although

less economical, were the radiating fubes and
“corresponding mclosmcr' projections omitted.

I do not, therefore, wish to be limited to the
details of construction shown and described
herein except to such extent as said details
are made the subject of specific clalms
- T claim as my invention—

1.. In a boiler the combination with an outer
shell, of a hollow annular watér-chamber dis-
posed Wlthln said shell, to provide asurround-

said annular water-chamber, pr oviding there-
with an inner annular gas-circulating space, a

plurality of gas-passages w1thm a,n,_dh extend-

70
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‘ber, and are therefore at a temperature next
hwher tothat which obtains in the outer cham—-

Q0
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ing gas-circulating space, a central chamber
of less external dlametel than the interior of

130
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ing longitudinally throughout the length of

IO

Sald central chamber, an outer chamber Sur-

‘rounding the'said annular water-chamber and
. hkewme provided with gas-passages within

and extending lonﬂ'ltudmally throughount the
length thereof and communicating passages
or spaces at the ends of said several chamber_s
2. In asteam-boiler the combination with an
outer shell, of a hollow annular water-cham-
ber of less dlmensmns than the interior of the

‘boiler-shell and disposed therein to provide

a surrounding gas-circulating space, an inner
chamber of less external diameter than the in-
terior of said annular water-chamber, and dis-
posed within the latter to promde a Second an-
nular gas-circulating space, fire-tubes extend-

ing from end to end through said central

20
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1ing likewise prowded with f

chamber and opening into gas-spaces at the
ends thereof, an outer annular chamber sur-

rounding the sald annular water—ch&mber and-

likewise provided with fire-tubes extendmo'
longitudinally therethrough and opening into
gas-spaces at the respective ends of the boiler,
an annular partition separating the space with-
in which the annular water-chamber is ar-
ranged, from the end space of the boiler into
which the fire-tubes of the central and outer
chambers open, a gas-inlet communicating

with the cmculatmﬂ*—space exterior to the an-

nular water-chamber, and an outlet-flue com-
municating with the end space of the boiler

re-tubes of the outer chamber
discharge, substantially as described.

3. In a boﬂer the combination with an outer
shell, of a hollow annular water-chamber of
less external dimensions than the interior of
the boiler-shell and disposed thereon to pro-
vide a surrounding gas-circulating space, said
annular chamber formmcr In conjunction with
its support a Substantlally complete annular
partition, extending from one end of the boiler

“to a point near the opposite end thereof, a cen-

tral chamber of less external dlmensmns than
the interior of the annular water-chamber and
disposed therein to provide a surrounding an-

nular gas-circulating space, said central cham-

ber termlna,tmﬁ' at ea,ch end short of the end
walls of the boﬂer—shell and having fi
extending. longitudinally therethrouo'h and
opening into the end spaces of the boiler at
the respective ends thereof, an outer annular
chamber of larger inter nal dimensions than
the annular water chamber and arranged con-
centrically therewith, said outer chamber be-
re-tubes and ter-
mmatmﬁ‘ short of the end walls of the boiler
so that said f re-tubes open into the end spaces

ab the respective ends of the boiler, a parti-

tion extending between said outer and central
chambers at a point between the upper end of
the annular water-chamber and the adjacent
end of the boiler, an annular chamber imme-
diately below the end of the said outer cham-
ber-into which the fire-tubes of the latter dis-

charge, an inlet-passage communicating with

re-tubes

749,850

‘the circulating-space exterior to the annular

water-chamber at the lower end thereof, an
outlet passage or flue communicating w1th the
annular chamber into which the ﬁre-tubes of
the outer chamber discharge, one or more
steamn. - plpes commumcatmcr Wlth the upper
end of said annular water-c mmber means for
supplying said outer annular chamber with
water, communicating passages between the
outer ch&mber ancd the central chamber and
communicating passages between the central
chamber and the annular water-chamber, as
and for the purpose set forth.

4. In aboiler, the combination with an outer
shell, of a hollow annular water-chamber of

less external dimensions than the interior of
the boiler-shell and disposed therein to pro-

vide a surrounding gas-circulating s space, said
annular chamber forming in conjunction with

1ts support a substantmlly complete annular

partition extending from one end of the boiler
upwardly toward the opposite end thereof, a
centrally-disposed chamber of less external di-
mensions than the interior of the annular wa-
ter-chamber and disposed therein to provide
a surrounding gas-circulating space, said cen-

tral chamber terminating at each end short of

the end walls of the boiler-shell and having
gas-circulating passages extending loncrltudl-
nally therethrough, and opening into the end
spaces of the boﬂer an outer annular cham-
ber extending around the interior of the boiler-
shell, said outer chamber being likewise pro-
Vlded with fire-tubes BXteHdIH‘D’ longitudinally
therethrough and opening into-the end spaces
of the boﬂer a partition extending between
said outer and central chambers at a point be-
tween the upper end of the annular water-
chamber and the adjacent end of the boiler,
helically-disposed partitions arranged within
the circulating-spaces exterior and interior to
the annular water-chamber, inlet and outlet
passages communicating with a source of
heated gases and with a dlscharo‘e—ﬂue respec-
tively, means for supplying hquld to said
outer and central chambers and to the annu-
lar water-chamber, communicating passages
between said chambers and one or more steam-
outlet pipes communicating with the steam-
space of the boiler, as and for the purposes
set forth..
5. Ina boﬂer, the combination with an outer

cylindric shell, of a hollow cylindric annular

water-chamber of less external diameter than
the interior of the boiler-shell and disposed
concentrically therein, said annular chamber
forming in conjunction with its support a sub-
stantially complete annular partition extend-
1ng from the lower end of the boiler upwardly
toward the opposite end thereof, a centrally-
disposed cylindric chamber of less diameter
than the interior of said annular water-cham-
ber and terminating at each end short of the
end walls of the boiler-shell, one or more gas-
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passages within sald central chamber and ex- 130
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| tendmfr lono*ltudma,lly throuo'hout the lenﬂ'th"

ther e,of and opening into the end spaces of
the boiler, a helically-disposed partition sur-
rounding the exterior of said annular water-

chamber a partition extending between said

central chamber and the surrounding wall
which incloses the annular water—cha,mber at
a point above the upper end of said annular
chamber and between the latter and the ad-
jacent end wall of the boiler, a gas-inlet pas-
sage communicating with the eir culatmo*-space
~ exterior to the anmﬂar water-chamber at the
lower end thereof and a gas-outlet passage
from the gas-space at the upper end of said
boiler, substantially as described.

6. Ina boiler, the combination Wlth an outer
cylindric shell, 'of a hollow cylindric annular
water- chamber of less external diameter than
the interior of the boiler-shell and disposed
concentrically therein, said annular chamber
forming in conjunction with its support a sub-

: stantlally complete annular partition extend-
“ing from the lower end of the boiler upwardly

‘toward the opposite end thereof, a centrally-

disposed cylindric chamber of less diameter
than the interior of said annular water-cham-
ber but of substantially the same length and

hoth terminating at each end short of the'end
walls of the boﬂer shell, one or more gas-

y passages within and extendmo' 10n0‘1tud1nally'

throughout the length thereof and opening

into the end Spaces of the boiler, helically-dis-

posed partltlon—strlps extendmfr around the
exterior and interior of said annulal water-

35 chamber, a partition extending between sald

central chamber and the SLII'I‘OllIldlIlﬁ' wall.

which incloses the annular water- chamber at |

a pomt above the uppel end of sald annular

749,850

annular chamber,

chamber and between the latter and the adja-

cent end wall of the boiler, a gas-inlet passage
commumcatmo‘ with the cir cula,tmcr-space ex-
terior to the annular water-chamber at the
lower end thereof and a gas-outlet passage

from the gas-space at the upper end of said
boiler, substantml]v as described.

7. Tn aboiler of the character described, the

‘combination of the outer chamber extendmo*

around the cylindric side wall of the boﬂer
the central chamber, the annular chamber in-
terspaced between the outer and central cham-

bers, of communicating gas-passages, means

for supplying water to one end of the outer
means within said outer -
chamber compelhnﬂ' the liguid to perform a
longitudinal forth - and - return circulation
therem communicating passages extending

_between the inlet end of said outer annular

chamber and the adjacent end of the central
chamber, means within said central chamber
for compelhnw the water to perform a longi-

tudinal forth-and-return circulation therein,
“an inner annular chamber arranged concentric-

ally within said annular water- chamber com-
municating passages extending between the
inlet end of sald central chamber and the cor-
responding end of said inner annular chamber,

outlet-passages at various points thr oucrhout

the length of said inner annular chambe]: and

one or more steam-pipes communicating with

that end of the interspaced annular chamber 70

remote from the inlets of the latter, as and

for the purpose described.

- FRANCIS J DOYLE

AvBrrT H. GRAVES
~ FrepERICK C. Goonwm.

Wltnesses
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