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UNITED STATES PATENT OFFICE.

JOSEPI E.

CULVER, OF JERSEY CITY,

NEW JERSEY.

STEAM-GENERATOR.

SPECIFICATION forming part of Letters Patent No. 414,297, dated November 5, 1889.
Application filed November 14, 1888, Serial No. 290,766, (No model.)

To all whonm it muary concer:
Be i1t known that I, JOSEPH EDWIN CULVER,
of Jersey City, in the county of Hudson and

State of New Jersey, have invented a new and

useful Improvement in Steam-Generators, of
which the following is a specification, refer-
ence being had to the accompanying draw-
ings.

The object of my invention is to construct
a steam-generator which shall embody great
strength, durability, simplicity of parts and
eompactnes& of structure, and which shall
demonstrate 1n operation a degree of econo-
my, efficiency, power, safety, and facility of
management not hitherto attained, and from
which all and every of the above-described
imperfections shall be practically eliminated.

I will now describe my invention with ref-
erence to the accompanying drawings, and
afterward point out its novelty in claims.

Kigure 1 represents a central vertical sec-
tion of a steam-generator embodying my in-
vention, taken through the furnace-door and
smoke-uptake. Fig. 1* represents a central

vertical section at right angles to Fig. 1; Fig.

2, a horizontal section taken on the line a «
shown 1n Fig. 1; Ifig. 3, a horizontal section
on the line v v 1n Ifig. 1; Kig. 4, a horizontal
section on the line z 2 in Flﬂb 1 and 1*; Fig.
5, a horizontal Section on the lines * * in FIUS
1 and 1%; Fig. 6, a central vertical section of
the upper part of the boiler, illustrating a
modification of the invention. |

*similar letters of reference designate cor-
responding parts in the several figures.

The principal parts of this steam-generator
are a furnace A, a water and steam chamber
B, water-tubes C, a tube-space D, a water-re-
ceptacle or water-way E, a casing F F’, and
a smokeway G G/,

I will first describe the furnace A.

Having determined upon the dimensions of
the boﬂer to be built, I construct a grate a of
the shape required and of about half the num-
berofsquarefeetol surface usuallyassigned to
a horizontal tubular boiler of the same horse-
power and provide for it a suitabie support.
In the example represented this support is
provided in a frame-work «’, of cast-iron,
which encircles the furnace and contains a
fire-brick lining «*, which constitutes the
furnace-wall. The furnace is represented as

1

of upright eylindrical form. The wall a? ex-
tends from the grate upward two-thirds of
the distance to thg, crown-sheet of the fur-
nace. The part o’ of the furnace inclosed
below the grate is the ash-pit; having an
opening at . So much of the space above
the grate as shall contain the burning fuel is
the fire-chamber, and all the rest of the fur-
nace between the fire-pot beneath and the
crown-sheet O above is the combustion-cham-
ber, and 1s capacious enough for combustion
of the fuel to be completed therein. The en-
trance «a* to the fire-chamber is furnished
with a door ¢’, hinged upon the furnace-front.

I will next dmerlbe the water and steam
chamber B. "'he bottom of this chamber is
the fire-plate of the boiler, carrying water

upon its inneror upper surface, while against

1ts outer or under surface the flames and hot
gases from the furnace-fire play, and are de-
flected thence down the tube-space. The bot-
tom of the sald chamber 1s therefore the
crown-sheet of the furnace. The fire-plate
may be made of one continuous piece of
sheet metal, or, preferably, of two or more
concentric pieces flanged and riveted together
in the manner hereinafter described. In Figs.
1 and 2 the said plate 18 represented as made
of two concentric portions O and 0%,
central portion 0* of the fire-plate directly
above the furnace is without tubes, for the
reason that there 1s no room for water-tubes
within the space occupied by the furnace
from ash-pit to crown-sheet. This untubed
center portion 18 represented in Kig. 1 as
wrought or molded into a segment of the sur-
face of a sphere, so that in position its con-
cavity, or water-surface, shall be presented up-
ward and 1ts convexity, or fire-surface, down-
ward. Its outer edge or perimeter is flanged
vertically upward all around, as shown at b*’,
The tube-sheet b, of annular form, entirely en-
circles the untubed central plcxte b* and ex-
tends horizontally outward therefrom. Both
margins of the tube-sheet are turned wverti-
cally upward—1ihe inner margin {’ to consti-
tute a flange to match the flange 0* ou the
center plate 6%, the outer margin b* to meet
and join the lower edge of the lateral upright
wall or barrel 0° of the chamber. The roof b*
of the chamber (represented as a dome) may

be spherical or conical, constructed of boiler-

The
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- plate of suitable thickness, and flanged verti-
- cally downward around its lower margin b5,
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and there overlapped by and riveted to the
upper border of the barrel 6°of thedome. A

turret m is represented as surmounting the

apex of the dome 6* and securely fastened to
it by screw-bolts and nuts b’, and this turret
has an outlet m/, through which the steam
passes out. A deep ring n, of steel or other
suitable metal, 18 fitted between the upturned
flanges of the tubed and untubed divisions b
and b0* of the crown-sheet, so as to project
above the ends of said flanges.

ring n are to be fastened together by double
riveting through them; &lso, a number of
hollow rivets o, havmﬂ' their interior cali-
bers one-half 1nch more or less, in diameter,
pass through the said flanges dﬂd ring and
provide adequately for mamtammﬂ' the same
water-level in the dome on both sides of the
flange-partition. Strong braces g, as many

as are desirable, are arranged to reach per-

pendicularly from the upper projecting part
of the steel ring to the roof or dome b’f Se-
cured. to the laJtter hy rivets and to the Steel
ring by bolts and nuts. These braces are rep-
resented 1n pairs, one on each side of the ring,

of the barrel 6°and the dome or roof b4 and the
lower section composed of the centla,l plate
b* and the tube-sheet b, which are provided

with lateral flanges for the purpose of unit-
These flanges are repre-

ing them ton‘ethel
sented as eomposed of the outward projection
of angle-iron bands & 2, which are riveted, re-

- sl)eetwely to the barrel &’ and tothe uptur ned
- margin b° of the tube-sheet b.
the two sections are riveted or bolted tbgether-

The flanges of

by rivets or bolts passing through them, but
preferably bolted together by screw bolts.and
nuts 0% which are removable. at pleasure to

- permit the removal of the dome b* and all of

50

the chamber B which is above the crown-

sheet and tube-sheet for the purpose of get-

ting at the tubes when necessary. The fur-
1et m has a removable cover, and is itself re-

movable to permit the'entra,nee of a man or.

boy to remove the bolts and nuts»’ to permit,
the removal of the upper domed portion of

- the chamber B.
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I will now desémbe 1he tubhes C and tube-'

space D.

The tube-f%paee D is folmed between the
furnace-wall a®* and the surrounding cylin-

drical exterior casing F, which will be here-
inafter more fully described.
space is occupied by concentric rows of up-

right water-tubes C. The entrance a* to the

fumace in the front of the boiler takes up
some of the space between the furnace-wall
and the outer shell orincasement F, as shown
in Fig. 4, and thereat prevents the rows of

tubes fmm completing a circle and leaves a

small area of the tube-sheet overhead un-
tubed. Between thisuntubed portion and the

furnace-entrance a* the space may be filled:

In this posi-
. tion the flanges 0’ b* and the interposed

This tube-

414,207

up with fire-brick or solid material, as shown

at ¢’ in Figs. 1 and 3. Elsewhere the upper
ends of the water-tubes C are expanded into
the tube-sheet b of the chamber B, and their
lower ends are expanded into the tube—sheet
¢ of the bottom water-receptacle E, which will
presently be described. The tube-space D is
therefore somewhat of horseshoe shape in
horizontal section, as shown in Figs. 3 and 4,

and 1t exterds veltloally from tube sheet eto .

tube-sheet b. . The hot gases that rise from
the furnace strike a,ﬂ'mmt the crown-sheet b,
and are thence deﬂected down through the
tube-space D, which may therefore be “called
the * 1*ev‘erberatory.”

by the intersection of the plane of the lower
tube-sheet ¢ with the vertical plane of the fur-
nace - wall. From a horizontal line drawn

around the outside of the furnace-wall at a
suitable distance above the proximate border

of the tube-sheet a diagonal ¢, (see Figs. 1and
1%,) slanting down wa_ld across the tube—sheet

to its'eutermost edge, will inclose a spatial

angle,into which I inserta filling ¢’, of putty,
cement, or suitable composition, to produce

‘an inclined smooth upper surface, whereon

dust .or cinders falling down the tube-space
D may be shunted out into the surround-
ing smokeway.
the furnace-wall and tube-sheet must be alr-
tight.

I will next describe the Watel-l eceptacle F |

The lower tube-sheet ¢ 1S an exact coun-
terpart to the tubed portion of the upper

tube-sheet b, not only in all its dimensions,.

configurations, and horizontality, but also in

the number and relative positions of its tube-

holes.. It has both its outer and inner mar-

gins ¢’ ¢* flanged downwardly. It encircles
the furnace as far as the tubes extend, but .
This

does not encroach upon the ash-pit.
lower tube-sheet e i1s the upper plate of the
water-receptacle E. 'I'he inner flange of this

tube-sheet is riveted through a lap-joint to
the upper edge of a plate €% (see Figs. 1, 1%,

and 5,) which in its vertical section. (ShOWll

in Figs. 1 and 1%) is curved downwardly and

outwardly convex on 1t8 outside surface, and

This putty joint between
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There 1s a right angle -
within the tube-space at the bottom formed
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concave within and flanged upwardly at ifs

lower border, as shown at ¢% into the perpen-
dicular pla,ne of the downward flange on the
exterior edge of the tube-sheet e. A vertical
plate & connects the flange ¢° on the eu1 ved
plate to the outer tube-qheet flange e/, being

120

fastened to each flange by a riveted overlap "

joint.
ner described complete the water-receptacle
K, extending from end to end thereof,

tion (shown in Fig. 3) of the form somewhat
like a horseshoe or a ring, a portion of which

has been removed from-one side correspond-

These three plates united in the man-

the.
_bdld reeept&cle belng in its horlzontal sec-

125
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ing with the tubed portion of the npper tube-
sheet b, the gap formed in the annular con-
tour thereof at a® being the entrance to the
Doors ¢ are provided in the out-

ash-pit a°.
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side or vertical plate e* of the water-recep-
tacle numerous and large enough to allow the
work of expanding the tubes into the lower
tube-sheet to be done through the openings.
Into each closed end of this water-receptacle
a sultable pipe v is fitted, extending through
the boiler-cover in front, one on each side of
the ash-pit. Outside of the cover each pipe
v may be furnished with a valve v*. Either
may be the feed-water pipe, the other the
blow-off.

I will next deseribe thecasing I I
smokeway G 7.

The casing ' K’ consists of a shell of sheet-

and the

iron completely surrounding and inclosing

the tube-space and furnace. In the example
shown in Figs. 1, 1% 2, and 3 this shell also
incloses the upper‘ water and steam chamber
B. Inthisexample the lower part of the said
shell 1s cylindrical and of a size only large
enough to inclose the lower portion of the
tube-space D, as shown in Figs. 1 and 1*; but
just opposite the top of the wall ¢? of the fire-
chamber it becomes larger around the upper
parts of the tubes C and around the water and
steam chamber B, terminating at the top in a
dome F’, which meetsthe steam-turretm. The
casingthus constructed extends from the wa-
ter-receptacle L to the turret m, and its upper
part incloses a space around and above the
chamber B. The lower cylindrical portion
I 1s fastened to the water-receptacle K for a
space f (see Fig. 4) directly in front of the
smoke-stack, and also to and around the ends
of the said receptacle anteriorly, as shown at
7" in Fig. 4; but between these points from
front to rear on eitther hand the shell or cover
terminates, as shown in Fig. 1% some distance
above the lower tube-sheet, thus forming on
opposite sides of the boiler lateral Smoke-ex-
its £? (see Figs. 1* and 4) from the bottom of
the tube-sPaee into the outside horizontal
smokeways . The casing has also provided
in it an opening for the entrance at of the
furnace. Thesmokeways G, preferably made
of sheet-iron, begin narrow just outside each
anterior horn of the lower tube-sheet, and,
having their floor throughout aboutthesame
level as the tube-sheet, (see Figs. 1 and 1%)
pass around the boiler in opposite curves to
the rear, where, enlarged, they meet and com-
municate with the uptake G’, leading to the
smoke-stack G* The horizontal measure-
ment of the smokeways ( widens uniformly
from the points of beginning to their com-
mon termination, whereat 1t may at least
equal the antero-posterior diameter of the
uptake G’. The smokeways G may also be
enlarged upward in their course, rising more
and more above the lateral exits along the
outside of the casing, as shown Dby dotted
lines at f®in Kig.1*. The casing is repre-

sented as covered with a thick jaeket of as-
bestus and felt or other non-conductor of
heat. |

In Figs. 1 and 1* the steam-delivery pipe
s, connected at the steam-outlet m’,

has the

¥

form of a coil, which surrounds the dome b*
within the space between the chamber B and
the upper part ¥’ of the casing, which is
filled with hot gases of combustion. In this
space thus occupied by the coil there is little
or no circulation, the circulation from the fire-
chamber to the lower smokeways being out-
ward between the fire-chamber wall a’ and
the tube-sheet 0, and tlience downward
through the tube-space D. The heat in the
said space will therefore be insufticient to
burn the steam- plpe or Injuriously superheat
the steam passing therethrough, yet suffi-
cient to give the gsteam the 1e(111_151te dry-
ness. |

In order to insure that the steam may have
the requisite dryness without being injuri-
ously superheated, I provide at the outer end
of the coil s a branch pipe s/, provided with
a stop-valve ¢/, and I also provide the said
coll, at a suitable point between thesaid end
and the outlet m’ of the steam-turret, with
another branch pipe s> furmbhed with ELStDp-
valve 2 The two branches s’ s® are COM-
nected with a single pipe s°, by which the
steam 18 conducted to the engine or place
whereinitis tobeused. By opening one of the
valves ¢/ f?and closing the other the steam may
be taken from the coil, after having passed a
greater or less distance within it, and hence
having been more or less subjected to the
heat within the upper part ¥’ of the casing.

In the example of the invention shown in

Fig. 6 the boiler-casing F does not include

the water and steam chamber B, but only ex-
tends from the lower water-receptacle D to
the lower part of the said chamber B. The
lower part of the said casing (not represented
in this figure) is intended to be pre ecisely like

the lower part of the casing shown in Figs.1,

1% 2, 3, and 4, and hereinbefore fully de-
scribed. The upper part is fitted snugly
around the exterior of the base of the water
and steam chamber, and thence extends over
the steam-dome.

In Ifig. 6 the fire-plate, instead of being com-
posed of two plates—viz., an untubed center
plate and an annular tube-sheet—as in the
first-described example, is represented as com-
posed of three pieces—viz., an untubed center
plate 0%, an outer annular tube-sheet b, and
an annular plate 0™ interposed between b
and 0¥, These three pieces are united by up-
turned flanges provided upon them and in-
terposed rings n, similar to those which have
been described with reference to the first ex-
ample, the said rings n being united with the
dome 0! by means of similar braces g¢.

In front of the furnace the frames of the
doors closing the entrance to the fire-pot and
ash-pit, respectively, may be fastened to the

outside of the shell, each in its proper posi-

tion, the doorways made by cutting away the
Shell from within the fl*a,me% and the doors

fitted and hinged to close and open. Instead
of this a cast-iron fur nace-front complete may
be substituted.
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- steam - gages, indicators,.

The entire metallic Smfajce. of the cover,

boiler,dome, and smokeways may be overlmd
~ with a wash or layer of lime hydrate or sul-
phate, magnesia, asbestus, white clay, or other

good meombastlble reﬂectm of radiant heat,
and outside of this, over all, the thick Jacket
of felt or of an equivalent non-conductor of
heat may be superimposed and confined in

place by means of canvas wrappings.

Safety - valves, gage-glasses, water - cocks,
_ &c.—such as are
used on other boilers——are to be attached to

- my mventmn and operated in the usual man-

- ner.
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The steam-dome being full of water, it can
be employed for he&tmn' by hot-w atel ciret-

lation.

The advantages of thl‘S 5team-o*enemtm are
as follows:

First. Combustion is perfect.
escaping 1s as clear as the surrounding air,

Second. The flames are not quenehed pre-

"ma,turely and the draft does not carry ashes

into the smokeways.

Third. The combustion-gases move Slowlyj

down through the revelbel_dtory, the coldest

foremost, in contact all the while with a great

expanse of water-tube surface, and nearly all

their sensible heat is tr ansferred to the water

in the boiler.
Fourth.

mingle with the bolling water at all, nor even
with that in the tubes.
Bifth, The down-moving gases in the re-

verberatory as they cool are at every step

~ brought into contact with colder water-tube

40

surfaces, wherefore approximate equaliza-

tion of temperatm e between theheatmn-nases .

and the heated water 1s impossible.
-dixth. Steam does not cushion upon the

- heating-surfaces and lift the water from them,

and thus cause them to become overheﬂ,ted

" There is no siphoning.

55

60

Seventh. No formation of “scale’ ta,L.es
plaee in my steam-generator. |

Kighth. Steam does not form in the WELtel-
tubes, but only in the shallow depth of water

‘upon the fire-plate within the boiler-dome.
There 1s no foaming or uprush of water nor

any water-circulation whatever within the
boller-tubes except the slow upward advance
of the feed-water everywhere to replace that
which 1s removed by evaporation. The steam
as it is liberated from the water is satur ated
steam-dry or nearly dry.

Ninth. The steam can be delivered dry or
even superheated to any degreé required.

Tenth. It takes a long tlme for the water
to travel from the recept&de to the steam-
dome, moving as i1t does through so many

) water-tubes sim ultaneously. Meantime it be-

comes heated and rarefied and lets fall intothe

-receptacle all the inorganic and heavy sub-

stances it holds in suspension. The receptacle

- K can be washed out by 0pen1nﬂ' wide and to

The smoke

o Eve]:i eold feed - water does not
- check the generation of steam. It does not

il

l

-611“‘1[16

fifteen pounds of water per pound of coal.

414,—297 .

the same extent at once both the feed-plpe
and the blow-off.
Eleventh. All parts of the boiler are SO

shaped, constructed, and combined as to with-
stand, without I'upture or strain,steam of the
hmhest tension that can be worked in any

tacle—can be subdivided each into several
smaller ones should occasion demand it. No-

70

The parts having the greatest di--
_ameters‘—-—-—the steam-dome and -water—recep-

75

where are braces, bolt-heads, and rivets ex-

posed to the direct action of the fire.
Twelfth. This boiler uses water-tubes one

{ inch to one and one-half inch in diameter

without any risk or inconvenience; hence
1t gives within the same cubic space two to

fom times as much heatmo'-sm face as loco-

motive-boilers.
Thirteenth. Repeated experiments have
shown that this boiler dppro_xlmately attam%

consumed. Use dry coal, not wet.

Fourteenth. Unequal expansion and con-
traction of the metal do not affect this boiler
injuriously.

Fifteenth. The quantity of steam evolved
per minute per square foot of water-surface is
very great. (Generated at thesamerate deep
beneath the surface amid a rapid water-cir-

culation the steam would drive all the water

into the top of the boiler. In this boiler, how-
ever, the steam is at all times uppermost, rest-

Ing upon boiling water only a few inches in

depth beneath whleh five feet deep, is water
which does not boil.

~ What I claim as my invention, and desire
to secure by Letters Patent, is—

1. The combination, in an appa,latus for

generating steam cr heatmﬂ' fluids or fluent
bodlesj of a central fmndee a- water and
steam chamber arranged above the said fur-
nace, and the bottom “of which comprises a
tube-sheet a lower water-receptacle, the up-

per part of which 1s a tube-sheet arranged

near the bottom of the furnace, a series of

water-tubes arranged in the tube-space
“around the exterior of the furnace and con-

neetlnﬂ the said water and steam chamber
and said lower water-receptacle, a wall sur-
rounding the furnace betweenitand the lower

part of said water-tubes, but terminating at
a distance below said chamber to form an
opening to the upper part of said tube-space,
a shell or casing surrounding the furnace, the

tube-space, and water-tubes, and a smokeway
communicating through openingsin the lower
part of said shell or casing with. the lower
part of said tube-space, substanhally S
herein described.

2. The combination, in a ‘water and steam

chamber Oon%tl’rutmﬂ' the upper part of a
boiler, of a base comprising acentral untubed
plate and a surrounding annular tube-sheet,

both having upright flanges, a ring _111terposed
a,nd_ secured between 'said ﬂanges, a dome

o

90 .

95

100

105

e,

IT5

120

125 .

130




5

10O

I5

20

30

414,297

forming the roof of said chamber, and braces

connecting said ring and dome, substantially
as herein described.
3. The combination, with two plates form-

ing the bottom of a water and steam recepta-

cle of a boiler and the crown-sheet of a fur-
nace and having upturned flanges, of hollow
rivets passing through and uniting said
flanges and forming water-passages through
sald flanges, substantially as and for the pur-
pose herein described.

4. The combination, with the furnace A,
steam and water chamber B, lower water-re-
ceptacle K, and water-tubes C, of the sur-
rounding casing or shell If, having openings

7*1in the lower parts of its opposite sides, the

external smokeways ( outside of said open-
ings, and the uptake G’, in which said smoke-
ways have a common termination, substan-
tially as herein described.

5. The combination, with the furnace-wall
¢ and the surrounding external shell or cas-
ing I, having between them the tube-space
D and tubes C, the water-receptacle below
said space having for its upper part the tube-
sheet ¢, receiving the lower ends of the tubes
C, of the filling ¢’, forming within the said
tube-space the slanting surface for the de-
scent of dust and ashes falling within said
space, as herein set forth.

6. The combination, with the central fire-
chamber, the upright water-tubes partly sur-
rounding said chamber, and the water and
steam chamber arranged over said fire-cham-
ber and tubes and connected with the upper
ends of the tubes, of a water-receptacle in the
form of a ring, with a gap inone side thereof,
arranged below and connected with the lower
ends of said tubes, and feed and blow-off

pipes connected with the said receptacle, one
at each of the ends which are formed therein
by the gap, all substantially as herein de-
scribed.

7. The combination, with a central fire-
chamber, water-tubes arranged in a tube-
space external to and around said chamber, an
upper water and steam chamber above said
fire-chamber and tubes, and a water-recep-
tacle at the bottom of said tubes, of a smoke-
casing strrounding and inclosing the said fire-
chamber, upper water and steam chamber,
tube-space, and tubes, and having its commu-
nication with the fire-chamber below the up-
per parts of the tubes and below the upper
water and steam chamber, and having its out-
let to the chimney at its bottom, substantially
as herein described, whereby a space for gases
of combustion is provided within the said cas-
ing around the upper water and steam chani-

the fire-chamber and chimney, substantially

as and for the purpose herein set forth.

8. The combination, in an apparatus for
generating steam, of a fire-chamber, a water
and steam chamber above the said fire-cham-
ber, and a casing surrounding and covering
sald water and steam chamber and commu-
nicating with the fire-chamber, of a steam-de-
livery pipe in the form of-a coil within the
sald casing, and separate branch pipes from
sald coll at different points, and stop-valves
1n sald branch pipes, all substantialty as anc
for the purpose herein set forth.

JOSEPII E. CULVER.,
Witnessges:
FREDK. I1AYNES,
ARTHUR H. GAMBLIN, ©
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