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2o all whom it muy concermn:

Be it known that we, THOMAS F. MORRIN,
a citizen of the United States, and \VALTER
W. Scort, a British subject, both residents
of Jersey City, Hudson county, New Jersey,
haveinvented certain ImprovementsinSteam-
Generators, of which the following is a speci-
fication.

Our invention relates to that class of steam-
generators wherein a vertical (generally cylin-
drical) generator-shell provided with lateral
tubular branches is arranged within a fur-
nace-shell provided with an annular grate or
fire-bed. A type of this class of generator
has a vertically-arranged generator-cylinder
placed in the axis of the furnace shell, and
provided with exterior radial bent tubes ar-
ranged in nearly vertical planes, their lower
ends entering the generator-cylinder below
the water-line, and their upper ends entering
it above the water-line. Another type hasan
inner cylindrical diaphragm provided with
radially -arranged open-ended tubes, which
project outward through the generator-shell
into larger closed tubes, which extend radially
from the generator-shell. The object of thisar-
rangementis to increase the circulation in the
tubes. The products of combustion must pass
upward among these tubular branches on their
way to the outlet above.

In our improved generator we seek, first, to
insure the free circulation of the water through
the numerous tubular branches, without which
economical resulfs cannot be attained; second,
an extended and efficient heating-surface, so
placed as to secure the maximum heating ef-
fect from the flames and products of combus-
tion; third, economy in the first cost of the
generator, inrepairs, and in attention required
in its operation; and, fourth, an extended
grate-surface.

In the drawings which serve to illustrate
our invention, Figure 1 is a vertical mid-sec-
tion of our generator, taken on lines 11 in
Figs. 2 and 3. Fig. 2 is a horizontal section
taken on line 2 2 in Fig. 1. Tig. 3 is a hori-
zontal section ta]xen as to the left half just

above the grate, and as to the right half ]ust

below the omte, substantially on line.3 3 in

I‘lg 1. Fig.4is a frag mentaly elevation de-
signed to illustrate the oblique mlrangement
of the semi-elliptical tubes. = Fig. 5 is a frag-
mentary elevation designed to illustrate a
modified arrangement of the tubes. - Fig. 6 is
a sectional fragmentary view illustlatmo a

themselves. Tigs. 7, 8, and 9 represent modi-
fications that will be hereinafter described.

Referring particularly to the first four fig-
ures, A isan outer cylindrieal shell, which in-
closes the furnace and generator. This may
be of sheet-iron of suitable thickness, and
lined with tiles of refractory material. We
have shown the coned top of this shell as
double, and provided with an uptake or
stack, «.

Arranged in the axis of the shell A is the
generator cylinder or vessel B, which is made
from iron or steel of the proper thickness to
stand the steam-pressure, and provided with
a bottom, b, and & man-hole and cover, ¢, at
its top. To prevent ashes and: debrls from
collecting on this cover a cap, d, may be ar-
ranged over it.

C is the grate, which is annalar, part of the
lower end of the cylinder B being below the
grate. '

D is the Wfttel supply'plpe

E is the blow-off pipe.

F is the steam-supply pipe, which leads out
from the upper part of B;and M is the water-
gage.

G-is a cylinder of sheet metal, open at both
ends and set in cylinder B so as to leave an
annular space, ¢, between thetwo. Thistube

is supported on brackets, arranged at about’

the level of the fore-bed, by preference, and it
extends up nearly to the water-level.

H H are double - branched bent tubes, ar-
ranged in approximately radial series or tiers,
both ends of the same being secured in the
wall of the cylinder B. These tubes extend
out nearly to the lining of the shell A, and
are arranged to overlap, as shown—that is,
the upper branches of one tier of tubes over-
lap and enter the cylinder B above the lower
branches of the next tier above—and the two
ends of the tube are arranged in different ver-
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tical planes. This so ‘“‘staggers’’ the tubes
that the uprising heated gases must impinge
upon and impart the maximum of their heat
to the tubes. This ‘‘staggering’’ of the tubes
is well illustrated in Fig. 4.

The angle at which the tubes II stand with
reference to a horizontal plane may be varied.
In some cases it may be best to arrange them
more nearly horizontal than as in Fig. 4. By
overlapping the tiers of tubes as shown we
are enabled to get within a practicable com-
pass an unusually large amount of heating-
surface and to fill up the gas-passage of the
furnace with a net-work of tubes.

In order to effect and insure a constant cir-
culation of water in the tubes H when the
generator is in operation, we extend the lower
ends of the tube across the annular space ¢
and into the inner cylinder, G, by means of
extension-thimblesy g, the outer ends of which
fitmore orless tightly into thelower ends of the
bent tubes, and the inner ends of which are or
may be secured in the wall of the eylinder G
by slightly expanding them.

So far as described, the operation is as fol-
lows: The generator-cylinder B being heated
by the flames and gases, an upward current
will be established in the annular space e and
a downward current in eylinder G. The tubes
H being also heated, & current upward will
be established in them, the water enter-
ing their lower branches from G through
thimbles g, and disecharging through their up-
per branches into the annular space e. This
constant circulation will insure even heating,
will bring all the particles of the water succes-
sively into contact with the heated surfaces,
and will in a great measure preventthe forma-
tion of scaleand sedimentinthe tubes. Inthat
portion of the cylinder B below the grate the
water will be almost in a state of lest espe-
cially at the bottom, which forms a still-water
chamber, and here the sediment will collect.
It may be blown off at the pipe E, and access
may be had at a hand-hole, . The upper
series of tubes H—thatis, those in which both
branches enter B3 above the water-line—form
superheaters, and these are, of course, un-
provided with thimbles g, as they are wholly
above the inner cylinder,G. In order to pre-
vent the water in its low upward from the an-

nular space ¢ and in its surface ebullition.

" from entering the lower ends of these super-

6o

heating-tubes, we prefer to provide an an-
nular flange,?, which is secured to the inner
wall of B just below the point where the lower
branches of said tubes enter c¢ylinder B. The
pipe F is arranged to take steam from the ex-
treme upper part of the cylinder B, in order
to insure that the steam shall be dry, and to
further assure this, and to insure a cireulation
of steam in the superheater, we prefer to ar-
range within the cylinder B, just below the
point where the upper branches of the super-

5 heating-tubes enter it, a diaphragm, j, which

nearly closes the ¢ylinder B. This diaphragm
is preferably a little coned or hopper-shaped
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to permit any water of condensation to drip
back into the chamber below. We may or may
not employ this diaphragm.

In order to further utilize the heat from the’

furnace, as well as to insure some circulation
at the lower part of the boiler, we employ the
arrangement of tubes best seenin Figs. 1 and 3.

I I aretubes which project radially from the

cylinder B below the grate, the outer ends of

which enter segmental headers J, of cast-iron,
which lie close to the furnace-shell A. Inthe
tops of these segmental headers are secured
the lower ends of tubes H’, which extend up-
ward above the fire-bed, arch over it, and
enter cylinder B above the point where the
lower branches of the first tier of semi-ellip-
tical tnbes ¥ enter said ecylinder B. We
usually employ four segmental headers J,
each of which has two radial tubes I and four
upright tubes H’; but this arrangement may
be varied.. Caps & may be provided on the
segmental headersJ opposite the ends of tubes
I, and the lower ends of tubes II’, whereby
the latter may be readily cleaned ont.

The furnace has doors k k&, of which there
should be several, in order to enable the firc
to be got at from the severalsides. Thedoors
m to the ash-pit may be 'mfmfred below these
in any manner desired.

‘We haveshownthe upright tubes H' as part-
ly surrounded by the refractory lining of the
furnace-chamber just above the grate. This
serves to protect the lining from the intense
heat at this point.

In Fig. 5 we have shown both ends of the
semi-elliptical tube H as entering the cylin-
der B in the same vertical plane. This ar-
rangement will not serve so well asthat where-
in the tubes stand oblique, and the samearea
of heating-surface cannot be obtained; but it
serves to illustrate our mode of constructing
the tiers of tubes to intersect or overlap.

In Fig. 6 we have shown a modification in
the censtruction of the tubes H.  In this con-
struction the npper andlower branches of the
tube are formed separately and connected at
their outer ends by a header, L, which has a
cap, I, whereby access may be had to both
branches of the tube for cleansing them. These
headers may be embedded in the walls of the
outer shell, A, as shown.

‘We have shown the elements A, B, and G
as cylindrical, as this is the form preferred
for strength and simplicity of construection;
but they might, one or all, be elliptical, poly-
gonal, square, or of other shapes in eross-see-
tlon

In order to be able to insert it with ease we
prefer to make the cylinder G in three seg-
ments, to be bolted together after they are
placed; but this is not essential.

In lieu of the use of thimbles g, it might also
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the tubes H across the space e and into cylin-
der G. The construction described is, how-
ever, preferable.

In Fig 6 the lower branch of the tube H is
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shown as extending through cylinder B into
Gt,-and the thimbles are dispensed with.

The objectin constructing thelower branches
of the tubes H to extend farther into the inte-
riorof the generator-cylinder than their upper
¢nds is to increase the heating capacity of the
generator in the main. The shell of the gen-
erator-cylinder being directly exposed to the
heat,and the contained water being a poor con-
duector, it follows that the water nexttheshell
will be heated to a higher temperature than
that nearer the axis of the generator-cylinder.
The lower ends of the tubes pass through the
hotter stratum of water and receive from the
cooler body nearer the axis. The heating of
the tubes generates an upward ecurrent in
them, and they discharge into the hotter
stratum next the shell. There is an upward
current next the shell, and the tubes take the
water from the central part of the generator
and discharge it inte this current, thus effect-
ing a circulation from centerto circamference.
The upper ends of the tubes merely pass
through the shell of the generator-cylinder.
They are not designed to project into it.

As the cylinder B has numerous perfora-
tions to receive the tubes, care mnst be taken
to make it thick enough to stand the required
pressure despite this weakening.

In Figs. 7, 8, and 9 we have shown a modi-
fication in the construction of the cylinder G,
Irig. 7 being a fragmentary horizontal section,
Fig. 8 a front view, and Fig. 9 a vertical sec-
tional view (online 9 9of Iig. 8) of one of the
segments of which cylinder G is formed. 1In
this construetion we form the c¢ylinder G of
staves or segments G’ of thin iron plate, and
form in the edges of these half-round notches
n to receive the ends of the tubes H, these lat-
ter being embraced between the edges of ad-
jacent segments, G'.  Asthese tube ends con-
verge, (see Fig. 7,) the segments are made to
clamp them tightly, and to fit together snugly
edgewise by being pressed inward radially by
set-serews o, which screw through the seg-
ments from the inside, and impinge upon the
inner wall of the generating-cylinder. Asthe
segments are of thin metal,we prefer to pro-
vide the nuts o’ for the set-screws of malleable
iron with square end, and secure these in place
in the segments by burring or riveting, as
shown in IFig.8. This construction is adapted
to that mode of setting the tubes H where the
thimbles g are dispensed with, and it enables
the inner cylinder, G, to be readily built up
within the generator from narrow staves, and
to be as readily removed. In placing the
staves they may be entered between the tube
ends edgewise, and then turned and drawn in-
ward until they wedge snugly between the
tubes.

‘We are aware that it has been proposed to
employ an inner e¢ylinder or diaphragm in con-
nection with the tubes of a generator, in order
to effect an increase in the circulation, and we
do not broadly claim this. One of the princi-

pal features of our generator is the obliquely-

arranged tubes,the upper ends of which merely
pass through the generator-shell, while the
lower ends pass some distance into the body
of water contained therein. This we preferto
effect by the thimble-extensions, as by using
them a considerable economy is effected in
cleaning and repairing the generator. The
construction of the tiers of tubes to overlap or
intersect is another important feature.

We are also aware that it has been pro-
posed to construct a steam-boiler comprising
a stand-pipe and spiral coils arranged to en-
circle said stand-pipe, and conneeted with the
latter at both ends of said coils. The con-
nection of the upper and lower ends. of the
coils to the stand-pipe is made by means of a
hooded bushing which screws into the stand-
pipe, the coned elbow on the end of the coil
being drawn into said bushing by abolt. The
hood on the bushing projects into the stand-
pipe above the open end of the coil, and sup-
plies a bearing for the inner end of the secur-
ing - bolt. ~ These spiral coils have been ar-
ranged in two sets, one .nearer the stand-pipe
than the other, and the attached -ends of the
outer set constructed to extend beyond theat-
tached ends of the inner set, both above and
below. This construction differs materially
from ours, and we make no claim to it.

Having thus described our invention, we
claim—

1. A steam-generator provided with one or
more tiers or horizontal series of double-
branched radial obliquely-arranged tubes, H,
both ends of which tubes enter the generator-
cylinder, and the lower ends of which are con-
structed to extend farther into the interior of
the said cylinder than the upper ends, sub-
stantially as and for the purposes set forth.

2. Asteam-generator provided with tiers or
horizontal series of radial double-branched
tubes H, both branches of which enter the gen-
erator-cylinder, one above the other, and the
upper branches of one series constructed to
enter said generator-cylinder above the point
or line where the lower branches of the next
tier above enter it, substantially at set forth.

3. The combination, in a steam-generator,
of the upright generator-cylinder, the inner
open-ended cylinder, G, arranged within the
generator-cylinder so as to leave an annular
space between them,and the double-branched
tubes H, the upper branches of which enter
the generator-cylinder and the lower branches
of which connect with the eylinder G, substan-
tially as shown and described, and- for the
purposes set forth. : )

4. The combination, in a steam-generator,
of the generator-cylinder, the cylinder G, ar-
ranged within the generator-cylinder substan-
tially as shown, the double-branched radial
tubes H, connected with the cylinderat both
ends, and the thimbles g, arranged to connect
the lower branches of the tubes with the inner
cylinder, G, substantially as set forth.

5. The combination, in a steam-generator,
of the upright generator-cylinder, the inner
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open-ended cylinder, G, arranged to extend
up to a point below the water-line, the lower
series of tiers of double-branched radial tubes
H, the lower branches of which connect with
cylinder G and the upper branches of which
connect with the generator-cylinder, and the
upper tiers of tubes H, both ends or branches
of which connect with the generator-cylinder
above the water-level to form superheaters,
substantially as set forth.

6. In a steam-generator, the combination,
with the generator-cylinder, of the inner cyl-
inder, G, the double-branched radial tubes H,
arranged substantially as set forth, one series
or tier abovethe water-level to serve as super-
heaters, and the annular flange 4, arranged
within the generator - ¢ylinder between the
water - level and the point where the lower
branches of the superheater-tubes enter the
same, substantially as and for the purposes
set forth.

7. In a steam-generator, the combination,
with the upright generator-eylinder, of thein-
ner eylinder, G, arranged as shown, the dou-
ble-branched radial tubes H,arranged in tiers,
the upper or superheating tier being above
the water-line, the steam-pipe F, and the dia-
phragm 7, arranged in the generator-cylinder
just below the point where theupper branches
of the superheater-tubes enter said cylinder to
forma partition to partially separate the lower
portion of the cylinder from the upper por-
tion, substantially as and for the purposesset
forth.

8. In a steam-generator, the combination,
with the shell A and the annular grate,of the
upright generator-cylinder B, the lower end

of which extends below the grate to form a
still-water and sediment chamber, the inner
cylinder, G, and.the radial double-branched
tubes H, arranged in tiers, substantially as
shown, and the lower branches of the same ar-
ranged to connect with said inner cylinder, G,
all substantially as and for the purposes set
forth.

9. In a steam-generator, the combination,
with the exterior shell, A, and the grate, of
the generator-cylinder set upright with its
lower end extending below the grate,the tubes
I and segmental headers J, arranged below
the grate, and the tubes H/, arranged to ex-
tend, substantially as shown, from the headers
J to and to connect with the generator-cylin-
der above the fire-bed, substantially asshown,
and for the purposes set forth.

10. In a steam-generator, the combination,
with the exterior shell, A, and the annular
grate, of the generator-cylinder B, arranged
in an upright position, as shown, the inner
cylinder, G, the tubes I and H’, and headers
J, arranged substantially as shown, and the
double-branched radial tubes H, arranged in
tiers with their lower branches connected with
the inner eylinder,G,and their upper branches
connected with the generator-cylinder B, all
substantially asand for the purposes set forth.

In-witness whereof we have hereunto signed
our names in the presence of two subsecribing

THOMAS F. MORRIN.
WALTER W. SCOTT.

_witnesses.

Witnesses:
HENRY CONNETT,
ARTAUR C. FRASER.
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