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To all whom it may concern: -
Be it known that I, JAMES M. MCOLELLON

a citizen of the Umted States, residing at'
Hverett, in the county of Suffolk and Stete.

of Meeeachusette, have invented a new and
Improved Steam-Boiler, of which the follow-
ing is a full, clear, and exact description.

My 1nvent1011 relates to improvements in

eteem-bmlers the same being more. particu-
larly directed to structures of thet type adapt-
ed for use in locomotive-engines, although it

18 to be understood that pa,rts ef the inven-

tion may be utilized in the conetmetmn of
other types of boilers.

One object of the invention is the nroduc-
tion of an improved boiler having a heating-
surface of large area and which secures the
circulation of water in a natural manner by

‘reason of the -fact that partially-heated wa-
20

ter is free to enter at the lower part of circu-
lating-tubes, while the steam and hot water

- is dlecharged freely et the upper perb of said

s
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tubes.

A further eb;]ect of the invention isto pro-
vide for the easy removal of a leaky or

burned-out tube and its replacement by a

fresh tube with ease and facility, all of the
tubes being accessible from the out81de of
the boiler. -

A- further ObJer of the mventwn is the
production of a novel form of boiler which
‘hias great strength and in whleh the water-

tubes are all of the same lenﬂ*th and are
therefore interchangeable.

A still further object of the- mventmn is

the production of anovel form of boiler which

while having a large heating-surface is SO

constructed that it can be set comparatively
low upon the engine without interfering with
the operation of the drivers. |

With these ends in view the invention
consists in the novel combination, eonstrue-
tion, and arrangement of parts, whleh will be
hereinafter fully described, and the actual
scope of the invention will be defined by the

claims.

Reference is to be had to the accompanymﬂ'
drawings, forming a part of this specification,
in w hleh elmllar characters of reference indi-
cate cmrespondm pa,rte in all the figures.

Figure 1 is a longitudinal sectional eleva-
tion through a water-tube steam-boiler of

‘ments, -
tional elevetlen taken in the plcme indicated.

'ceted in its entirety by the letter A,) |
shell B, a plurality of rows of inelinedtﬂbes |
C D, -which are preferably arranged in cross--

by the dotted line 2 2 of Fig. 1. Fig. 8 is a

‘detail horizontal section through the steam-

dome and taken in the plane of the dotted

line 3 3 of Fig. 2 with parts broken away.

Fig. 4 is a sectional elevation taken in the
plane of the grate-chamber and indicated by

the dotted line 4 4 of Fig. 1, and Fig. 5is a

detail sectional view throucrh the upper part

| of one of the water - elreula,t,mﬂ' tubes in
order to more clearly show the eenstruetlon
thereof.

The boiler consists of an inner shell, (m’dl-

ing relation, and other rows of bent tubes
E P, "The shells are concentrically arranged

! the locomotive type embodying..my improve- -
Fig. 2 is a vertical transverse see-

55..__ ,
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anouter

and are polygonal in cross- section and form. |

between them a water-chamber, which en-

‘tirely surrounds the inner shell.
- Inthepresent embodimentof myinvention

the shells are shown as being substantially

75

square in eross-section and wﬂl be arranged -

so that the sides of the square stand at eub

stantially forty-five degrees, although my in-
| vention would not be departed from if the

8o -_

shells were given some other polyeonal shape.

The square cross-sectional shapeis preferred,

however, because the water-tubes employed

are all of the same length, and by arranging

the boiler so that the eldes of the shell stand
at- substantially forty-five degrees the tubes

‘have the proper-inclination for the best and

freest circulation of the water.
By making a locomotive - boiler having

it is possible to set the boiler lower upon the
engine without interfering with the drivers

‘than would be possible if the boiler were ey-

lindrical in cross-section.
The inner shell A may be formed in any
suitable way; but, as herein shown, it consists

90
,croes sectional shape (shown in Figs. 2 and 4)

95

of two sheets, ea,(,h of which is bent to form

the members aa-’, and these sheets at the fire-
box end of theboiler are bent or fashioned so
as to produce the dependmn' portions a®.

- The members g &' of the

‘comprising the inner shell are bent substan-
tially at right angles to each other, and the

parts or sheets

100
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- stantially uniform depth,

upper edges of the members a, forming the
sheets of the inner shell, are disposed to have
overlapping relation, as at a®, while the lower
portions of the members ¢’ of the sheets or

parts of the inner shell are arranged to meet

each other beyond the fire-box in order to
form the joint !, (indicated in Fig. 2,) where-
by the parts or sheets of said inner shell may
be united together in any suitable way, so as
to produce water and steam tight joints.

It is evident that the JOIHTS between the
members of the inner shell can be packed
and riveted in any way known to the art; but
this detail of construction may be modified
within the skill of a mechanic. |

The parts a? of the members forming the
inner shell are disposed parallel to each other
along the sides of the grate-chamber G, and
these parallel portions bound or form the side
walls of said grate-chamber.

I have herein shown the outer shell B as
consisting of the two upper plates b, forming
the npper sides of the boller, and the plateﬁ

b’, which are arranged at substantidlly right ;

&nwles to each OthE‘I and form the under 81de
of t,he boiler. The plates b’ are united to-
gether beyond the fire-box by a union-strip 0,
and union- strips b° serve to unite the pldles
bb'. When thus formed, the outer shell has

a square cross - sectional shape which sur-
rounds and is concentric with the substan-
tially square inner shell.

At one end of the boiler the plates 0" are
formed to present the depending portions b?,
which are disposed in parallelism with the

depending portions «® of the inner shell and -

which form, with said portions a?, water-legs
J, surrounding the fire-box.

Any suitable or well-known construction
may be resorted to in order to secure water
and steam tight joints between the various
plates forming the outer shell. |

By thus arranging the inner and outer
shells concentrically a water-chamber 1s
formed between the shells which has sub-
the said water-
chamber comprising the upper water-spaces
H, the lower water-spaces I, and the water-
]ews J at the sides of the fire-box or grate-
eham ber, the said water-chamber entirely in-
closing the inner shell, which constitutes the
furnace-flue KK and leads from the combus-
tion or grate chamber G to the smoke-box 1,
situated at the front end of the boiler, as is
usual in structures of the locomotive type.

The space between the inner and outer
shells A B at the rear end of the boiler is

- closed by the employment of & head ¢, which

6o

may be of the usual or any preferred pattern,
said head making provision for access to the
orate-chamber G through the usual firing-

dom althongh any qmta,ble devices may be -
,_ employed at this end of the boller.

The
front end of the ounter shell B is extended or
prolonged beyond the corresponding end of
the inner shell Ain order to form the smolke-

|
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box L, the latter having direct communica-
tion with the lonmtudma,l flue K, and the
space befween the front end of the inner
shell and the outer she]l is closed by the em-
ployment of a head ¢', the latter being so
constructed that free communication between
the smoke-box L. and the flue K is secured.

The grate -chamber G is provided with a
brldﬂe—wall ', which is plefembly formed
with a curved top edge g*. This top edge of
the bridge-wall is concave in order to allow
the free escape of the products of combus-
tion, and to prevent the bridge-wall from
rapidly deferiorating under the influence of
the heat I prefer to make it of chambered
construction, thereby providing a water-leg
(%, which lies directly in the path of the es-
caping heat. This water-legis in direct com-
munication with the water-legs J at the sides
of the grate-chamber, and the circulation of

water from one side leg through the bridge-

wall water-leg to the other side leg is thus
obtained. This circulation is not only ad-
vantageous in heating the water, but it pre-
vents the bridge-wall from burning out when
exposed to the heat of the furnace. If de-
sired, the fire-tubes ¢* may be provided in
the chambered bridge-wall or front water-leg
(%, said tubes being dlcsposed above the plane
of the agrate G* and making provision for the
direct apphcabmn of a par t of the heat to the
water contained in the leg G-

The steam-dome M extends practically the
full length of the boiler, and, as shown by
Figs. 2 and 4, this dome consists of a shell
which is substantially circular in cross-sec-
tion, the continuity of the shell being broken
or interrupted at the lower side thereof in
order to provide two longitudinal edges sepa-

rated by an intervening gap or space.
edges of the shell are dl‘-‘ip{)‘&ed in overlap-
ping relation to.the flanges 0! of the upper
members forming parts of the outer shell B,
and these overlapping edges of the shell B3
and the steam-dome are pni_ted together by
steam-tight joints. The shell of the steam-
dome is thus attached directly fo the angular
ottter shell of the boiler, and this steam-dome
communicates throughout itslength with the
upper chamber H, which is formed by and
between the inner and outer shells A B.

I have found it desirable to provide means
which reinforce the steam-dome shell inte-
riorly thereof, so that the pressure of the

| steam will not have a tendency to destroy

the water-ticht joint between the shell of said
dome and the outer shell B. Iun one embodi-
ment of the reinforcing device a stay-plate m

is employed, the same being situated near

the lower part of the dome and having 1ts

‘edges arranged to lap the lower edges ot the

slot,ted shell. This stay may be unlted tothe

shell in any suitable way along its joints
with the boiler-shell B, and said stay extends
the full length of the steam-dome, as shown

¢ by Fig. 1.

The stay is provided with orifices
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- passage of the steam from the chambers H _
| tion against the tube, and the heated water
In the flue K, which leads from the grate-

L) }

1O
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m', which allow the free aed _.uninterr'npted*' the water is more highly heated by reason of

into the dome M. (See Figs. 2, 3, and 4.)

chamber to the smoke-box L, is arranged a
plurality of rows ot straight 1nehned water-

circulating tubes C D, as shown more clearly
by Fig. 2, the tubes of one row being disposed

in crossing relation to the tubes of the adja-
cent rows and all these tubes lying directly

in the path of the escaping products of com-
bustion as they circulate through the flue X
on their way from the grate- ehember G into
the smoke-box I.. Thetubes Cand D extend |
parallel to the sides of the boiler, each tube

- therefore extending across the dmmeter of
- the boiler, and as ’rhe shells of the boiler are

- 20.

all of the tubes are of the same length. -

square in cross-sectional area it follows that
This

is quite an advantage, as it avoids the neces-

sity of employing tubeq of various length, as
would be the case if the boiler were eyhn-_
As herein shown,
each tube passes at its ends through the inner

drical in cross-section.

shell A, across the water-chamber between

the Shells
outer shell said tubes being united to the

shells by water and steam tlght jointsin any

approved way, preferably by expanding said

30

35
- pressure in the boiler.

40

O

55

tubes into the shells, as usual in boilers.

water- ehember and securing its ends in the

outer shell I have provided for properly stay-

ing the outer shell to prevent the opposite

sides of the latter from being spread by the
“Where the boiler-

shells are reetenﬂ'uler in cross-section, it is

~ imperative that some special means be em-

- ployed for thus staying the outer shell, and by |
means of my construction I acecomp! lish this
The upper side.

by means of the water-tubes.
of the upper end of each tube is provided with

thelowerend of each tubehasa correspondmg |

water-inlet or circulating-opening ¢'. - This
furnishes a commumcatlen between eaeh end
of the tube and the water-chamber, and the
epeelel position of the circulating-opening

¢ ¢’ is designed to facilitate the entranee of
the water fr_o_m the lower portions I of the
water-chamber into the tubes and the exit of

the water and steam from the upper ends of
said tubes into the upper portions H of the
water-chamber. Theend of each of the tubes

is carried entirely through the outer shell
B, and said ends are clesea in any suitable

 way, as_by means of caps d', each of which

6o
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is prewded with an a.nﬂ'ular or polygonal

stud or projection d* for ‘the purpose of en-

abling the cap to be removed or placed in |
position by means of a suitable wrench.

This special construction and position of the
tubes makes plOVNIOIl ‘for the inlet and
ogress of the water in a perfectly natural

manner, because the partially-heated water |
18 {free to pass from the lower portions I of

and has its end secured to the

By
“thus extending each of the tubes through the

the impingement of the produets of combus-

70

and steam can escape freely and in an up-
ward direction through the outlet-opening ¢

into one of the upper portions H of the wa-

ter-chamber. Hach tube C or D is further-
more constructed withan expansible portiond
near its upper end, said expansible portion d

75

being provided by the formation of a proper -

number of corrugations in the tubeat apoint -

adjacent to its union with the member o of
the inner shell. This corrugated portion d
of each tube is thus dlspesed within the lon-

gitudinal flue K, wherein the tube is sub-

jected to the- action of the products of com-

bustion, and the provision of thiscorrugated
part of the tube compensates for'expansio_n |

S0

and contraction of the tube due to the action -

of the heated gases and the circulation of

the water, 1:hereb}}r minimizing any tendency

of the expansion or eontraetmn to 1oosen the-

tubes in the shells of the boiler.
In that portion of the boiler beyond the
fire-box the inner shell is substantially filled

90

with the inclined crossing tubes,-as  above

stated, these tubes beingarrangedin rows,the
95

tubes of one row being deswneted by D and

the other row by C. The tubes of adjacent

rows are inclined in opposite directions and

stand substantially at right angles to each

other, while the tubes of altemete rows are .

parellel to each other.

- At the portion of the mner shell over the-
fire-box it would be impossible to extend all

ICO

of the tubes of any row entirely across the
inner shell without choking the grate-cham- '

ber, this being due to the pecullal construc-
tion of -the ﬁre box.
It will be noted that bhe dependm por-

1310IIS a® b? of the shells which form bhe fire-

box are sitnated at a point about midway of

a circulating-opening ¢, and the under side of | the plates d’, so that the total width of “the

105

110

fire-box is very much less than the distance

between the oufer corners or angles of the

boiler. In other words, the shells of the beller- -

to meet the union-strips b8, as best seen in

| flare outwardly at a pemt above the fire-box
IIg

Fig. 4. With this 'constru_cbien it is possi- -

ble to employ straight tubes having uniform

length to form a portion of the row of tubes

over the fire-box, as illustrated by the tubes

| at the upper side of the row nearest the ob

server in Kig. 4. -

120

In order toobtain the greatest pesmble area .

of ef

ploy in addition to the Stralght tubee which
bent tubes K F.

‘ective heatmg-eurface and at the same
time not to choke the grate-chamber, I em- -
125
form part of the rows over the fire-box the
KEach tube of the row of bent

tubes is curved at a point intermediate of its--

| length, as mdweted at'e, and forms two limbs. -

or-members ¢’ &.
e? of each bent tube is provided with an inlet-

The lower end of the limb

opening 3, is fastened to the shells at the -
lower part of the boiler, soas to have itsopen- -
the water-chamber into each-tube in which | ing communicate with one of the chambers

“ -
.....
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The other limb ¢’ is passed through
and united to the shells of the boiler, is pro-
vided with an orifice €%, and is provided with
a cap, thus making provision for the escape
of the heated water into one of the upper
spaces II. The tubes forming each row of
bent tubes gradually increase in length, as
shown by Fig. 4, and these tubes are disposed
in alternate relations to other straight tubes,
which extend entirely across the flue K and
have communication with the spaces H 1.
Hach row of tubes, therefore, over the grate-

chamber 1s composed partially of straight

tubes and partially of bent tubes, this con-
struction leaving a free open space for proper
combustion of the fuel. Owing to the oppo-
site inclination of adjacent rows of tubes, the
bent tubes K of one row are adjacent the
straight tubes C of the next adjacent row,
while the straight tubes D of any row are op-

posite oradjacentthe benttubes F of the next

adjacent row.

In the practical construction of the boiler
1t 18 my purpose to have the water-tubes of
each series C or D disposed in staggered or
alternate relation—thatis, onerow of tubes C
are in alternate relation to the tubes of oneor
more rows of adjacent tubes (C, such arrange-

ment also applying to the tubes D and, if de-
sired, tothe tubes Kand F. Such staggering
of the tubes prevents the heat and gasesfrom -
escaping directly through straight passages;
but, on the contrary, the escaping gases are

deflected by impinging the tubes, so that they
will be caused to pursue a tortuous course.

By extending each tube clear across the wa-
ter-chamber and expanding the same into the
outer shell the tubes have the function of
stay members and serve to hold the shells in
shape and prevent them from spreading.
With this construction, therefore, it is unnec- |
essary to employ any stay-bolts whatever ex- -
cept at points where tubes do not extend—

as,forinstance, around the water-legs. More-
| means to hold the opposite sides of the outer

over, by thus extending the tubes through

the outer shell each tube is made readily ac-
cessible from the outside of the boiler, and
by merely removing the cap on the end of

any one tube said tube can be cleaned or can
be removed without in any way disturbing
any of the other tubes. This I consider to
be quite an important feature of my inven-
tion, as with the present type of locomotive-
boilers it is necessary to practically disman-

tle the boiler in order to get access toa dam-

aged tube. With my improved boiler, how-
ever, any damaged tube may be removed in
a very shortspace of time and a new tube put
in its place without in any way disturbingany
of the other tubes. Another veryimportant
advantage secured by my improved form of
locomotive-boileris the fact that a boiler hav-

ing a large heating-surface can be set ecom--

paratively low upon the engine-frame with-
outb interfering with the drivers, for it will be

741,529

I, and is provided with a cap similar to the | the diagonals thereon extend vertically and
cap d'.

horizontally the lower apex of the boiler may
be received between the driving-wheels, and
thus permit the boiler to be set lower on the
frame than would be possible with the same
size c¢ylindrical boiler. '

WhileI have herein disclosed the best form
of my invention now known to me, I do not
wish to be limited to this construction, as va-
rious changes may be made in the construe-
tion of partswithout departing from the spirit
of my invention. -

Having fully desceribed my invention, what
Iclaim as new, and desire tosecure by Letters
Patent, is—

1. Alocomotive-boilerhaving aninner shell
polygonal in cross-section and constituting a
flue, one end of said shell beingshaped to form
a fire-box, an outer shell concentric with the

inner shell and forming with the latter a wa--

ter-chamber between said shells, inclined wa-
ter-tubes extending across the innershell and
communicating with the water-chamber, and
means to prevent the sides of the outer shell
from spreading.

2. Alocomotive-boilerhaving an innershell
rectangular in ceross-section, one end of said
shell being shaped to form a fire-box, an outer
shell also rectangularin eross-section and ar-

| ranged with its sides in parallelism with those

of theinnershell, the space between the shells
forming a water-chamber, inclined water-
tubes extending across the inner shell and
connecting the opposite sides of the water-
chamber, and means to hold the opposite sides
of the outer shell from spreading.

3. A locomotive-boiler having concentric
inner and outer shells forming between them
a water-chamberthe inner shell being shaped
at one end toform a fire-box, said shells both
being substantially rectangular in cross-sec-
tion and arranged with their diagonals in sub-
stantially vertical and horizontal planes, in-
clined tubes extending across the inner shell
parallel with the sides of the said shell, and

shell from spreading.

4. A locomotive-boiler having inner and
outer shells which are rectangular in cross-
section and which form between them a wa-
ter-chamber, said inner shell being shaped at
one end to form a fire-box, and inclined wa-
ter-tubes extending through the inner shell,

| each of said tubes having its end portions ex-

tending through the water-chamber and se-
cured to the outer shell. .

5. A steam-boiler having concentric inner
and outer shells which are rectangular in
cross-section, and which form between them
a water-chamber, and inclined crossing tubes
extending transversely through the inner
shell, each of said tubes having its end por-
tions extended through the water-chamber
and secuared to the outer shell, and an inlet-
opening in the lower side of the lower end of
each tube and an outlet in the upper side of

observed that by shaping the boiler so that | the upper end of each tube.
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flue extending forwardly therefrom, a water-

5
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6. Asteam-boiler consisting of a fire-box, a

chamber surrounding the flue and fire-box,

straight inclined tubee disposed transver sely
to the flue, certain of said tubes being situ-
ated over the fire-box, and bent tubes dlsposed

- 1n series 10 ovelha,nn* the fire-box, said bent

o

15

tubes alternating mth the stra,wht tubes
which are swuated over the fire- bO‘{ |
7. A steam-boiler having a fire-box, a flue

extending forwardly therefrom, awater-cham-
ber surrounding the flue and fire-box, rows

of bent tubes overhanging the fire-box and
having their end portions in communication
with said water- chamber, and crossing rows

of straight tubes dlepoeed across the ﬁle box

and ﬂue the end portions of said tubes being
in eommunieetien with the water-chamber.
- 8. A steam-boiler having inner and outer

20 shells forming between them water-spaces, a
- steam-dome extending longitudinally of the

25

30 rect communication with the water-spaces-

35

boiler, and having direct communication with
- said water-spaces throughout its entire ex-
tent, and inclined tubes disposed between
said casing, and communicating with the wa-
ter-spaces at points below the steam-dome.
9. A horizontal boiler having water-spaces
at the sides thereof, a steam- dome extending
longitudinally of the boiler and having d1-

throughout its entire extent, and a perforated
stay spanning the throat ef the dome. |
10. A steam-boiler having shells pelygonal

in cross-section, and dlsposed in parallel re-

lation, and formmﬂ' between them a water-
ehember which surrounds a-longitudinal flue
and the sides of a fire-box, a hollow bridge-
wall forming a water-leg in eommumeatlon
with the water chamber, asteam-dome united

q40_to theoutershell and communicating directly

45

with the water-chamber and water-circulat-

ing tubes extending thr ough the outer shell, |

certam of said tubes overhanging the fire- box
11. Asteam-boiler having concentric inner.
and outer shells substantially square in cross-

T

O

| section, and formmﬂ' between them a water-
ehamber said shells at one end having de-

pending portionsforming a fire-boxof a width
less than the dlemeter of the boiler, and
means connecting opposite sides of said shell

end operatmcr t0 prevent them from spread-

KO

12. In a bmler, two concentric shells form-

ing between them a Water-ch&mber,sald shells
55

bemﬂ substantially rectangular in cross-sec-

tion end sitnated with thelr sides atanangle

of substantially forty-five degrees,-a

stea.m-_ -

dome extending along the apex of the outer

shell and having ea,ch side thereof secured to
and forming in effeet a continuation of the

6o

adjacent side wall of said outer shell, and a

stay member spanmng a throat of the dome.

13. In a boller, two concentric shells form-.

ing between them a water-chamber, each shell
being substantially reetangular in eross-sec-
tion end sitnated with its suiles at an angle

of substantially forty-five degrees, a perm- :

cylindrical steam-dome extendlnﬂ' 1011‘"1(311(:11-
nally of the boiler and having each elde Se-
cured to the edge of the edJecent s1de wall of

the outer shell.
14. In a loeomotwe-boﬂer two concentric

70

shells forming between them a water-cham-

ber, each shell being substantlally square in
cross-section and having its diagonals situ-

75

ated vertically and horizontally respectively,

a steam-dome extending longitudinally of the

boiler and connected thereto throughout its

length, each side of the dome being secured

to the edge of the adjacent side wall of the

outer shell, and a stay member spa,nnmﬂ* the

throat of the dome.

~ In testimony whereof I have signed my

name to this specification in the presence of
two subscmbmﬂ' WJ.tnesses

JAMES M. MCCLELLON

Wifnesses:
H. F. BERNHARD, |
- EVERARD BOLTON MARSHALL.
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