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To all w}’wm it it J COTLCET ! |
Beitknown thatl, MATTHIAS N. FORNEY, of
the borough of W[a_nhtttfan city and State of
New York, have invented a certain new and
useful Improvement in Feed-Water Ieaters
for Steam-DBoilers, of which improvement the

- following is a specification.
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My present invention relates more particu-
larly to feed-water heaters for steam-boilers
of the locomotive type; but it is also appli-
cable to boilers of other forms. Its objects
are to provide means whereby the exhaust-
steam affer it escapes from the cylinders
will impart a portion of its heat to the feed-

water before the feed-water enters the boiler

and also means whereby a portion of the heat
from the products of combustion which or-
dinarily escapes from the boiler-tubes and
passes out of the chimney will be communi-
cated to the feed-water after it enters the
boiler; also, to provide means which will
permit of a difference in the extension or con-
traction of the tubes in which the water 1s
heated and of the inclosure in which 1hey are
contained; also, to provide means by which
the feed-water can be shut off from the ex-
haust-steam heater and fed directly into the
boiler in case of accident or failure of the
heater. |

To these ends my invention consists of
certain novel devices and combinations com-
prising an annular space formed around the
smoke-box of a steam-boiler by double periph-
eral plates, a series of heating-tubes disposed
throughout said annular space and connected
at each end to what may betermed ** headers,”
which form the inclosed ends of the annular
space and which are divided into compart-
ments or cells, to each of which the ends ot
two heating-tubes are connected, openings
and suitable removable covering-plates in
the headers opposite the ends of the heating-
tubes and communicating with the cells and
the tubes, valves which are attached to the
headers and to which the feed-pipe 1s con-
nected, a three-way cock or valve for chang-

ing the connection of the feed-pipe to and

fromtheheaterand toand from the boiler,cor-
rugated peripheral plates forming thesidesor
shellof the spacecontainingthe heating-tubes,

diaphragms or plates in the front end of the-

boiler,which retain the feed-water when it first

| entersitin contact with the front ends—that

is, the ends from which the smoke escapes—of.
the tubes and promote the circulation about
them, tapered thimbles on the tubes, by which
they are “secured to one or more of the dia-
phragms, openings in the top diaphragm com-
municating with the steam-space to permit
of the escape of any steam generated from
the feed-water, and a mud- dlum in connec-
tion with the heater for collecting and depos-
iting sediment from the heated feed-water.

The improvement claimed 18 helemaftel
fully set forth.

In the accompanying drawings, Figure I is

6o

a longitudinal section of the flont end of a -

locomotive-boiler,showing the smoke-box and
the front part of the bmler-shell and fire-tubes
and illustrating an embodiment of my inven-
tion; Fig. 2,a loncritudinal section, on an en-
larged scale, throun‘h part of a, tube dia-
phragm, and thlmble Fig. 2%, a transverse
section through the tube shown in Fig. 2;

Fig. 3, a transverse section, the rwht-hand'

half bemﬂ' taken on the lme a a of Flﬂ' 1 and
the left-hand balf on the line b b of the same
fioure, looking forward in each case; Fig,. 4,
a section on the line ¢ cof Big. 1 through the
back header, showing a portwn of one side;
Fig. 5, a Sectlonal view on the semicircular
center line d e f, drawn through the centers

of the heating-tubes on the left side of Fig.
3, the section bemﬂ then projected on a plane,

Fig. 6, a transverse section through the three-

| way cock when in position to shut off water
| from the heater; Fig.

7, an end view, on-an
enlarged scale, of a p01t10n of one of the head-
ers, “the covermﬂ*-plate over the upper tube
bemﬂ‘lemoved Fig. 8, a longitudinal section
thwuuh the ends of the tubes and header,
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two of the covering-plates being shown; and |

I Fig. 9, a sectional plan showuw one tubeand

its coveunfr-plate and a pmtlon of the mdes
of the smoke-box.

The main object of my invention 1s, as be-
fore stated, to utilize a portion of the heat
which is carried away by the exhaust-steam
and also part of that contained in the waste

cases of combustion to heat the feed-water.

95

100

Althmwh the saving of fuel which can beef-

fected bv such utilization of waste heat can
easily be proven theoretically and has often

| been shown pr acheallv vet the use of feed-
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water heaters whenever they have been tried |

on locomotive-engines has usually been aban-
doned afiter a comparatively short trial. Sev-
eral reasons may be assigned for this, one be-
ing that the devices essayed were liable to
get out of order, and thus lessen the amount
of serviece performed by the enginein a given
time. Anotheristhat they were liable to fail
at critical times while the engine is in use,
and thusdelay and interrupt traffic. A third
reason 18 that their first cost and expense of

- maintenance was greater than the amount of
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saving of fuel effected by their use; a fourth,
that their maintenance was troublesome. In
most feed-water heaters which have hereto-
fore been used, so far as I am aware, the

‘source of heat which has been utilized in

heating the water has been either the exhaust-
steam or the escaping gases of combustion.
In my improvement both or either of these
sources of heat may be utilized. It may be
stated, roughly, that the temperature of the
exhaust - steam from a locomotive is about
240°, and as the feed-water, even when fed
and heated by an injector, has a much lower
temperature than this a very considerable
amount of heat would be communicated to
the feed-water if it was in contact for a suffi-
cient time with one side of efficient heating-
surface exposed on the other to the exhaust-
steam.

In the practice of my invention and to ac-

complish the end above stated an annular

space or heating-chamber 1 is provided on
the outside of the smoke-box 2. This space
i1s formed by a cylindrical ring or plate of
metal 3, placed outside of and at some dis-
tance from the ordinary ecylindrical smoke-
box ring. The ends of the annular space or
heating-chamber 1 are each filled with what
will be termed herein ‘‘annular headers” or
““hollow rings” 4 and 4*, to which the two
plates which form the smoke-box and which
inclose the annular space 1, which will be
termed the ‘‘heating-chamber,” are riveted.
I'wo sets or series of horizontal tubes 5 5,
which will be termed ‘‘heating-tubes,” (shown
by full and by dotted lines'in Fig. 1,) are dis-
posed longitudinally throughout the heating-
chamber, their ends being fixed in the head-
ers, one series being on the right side of the

Vel‘tical center ]iﬂe (_‘Zf of Fig. 3 and the Othel‘

55

60

on the left side thereof. The annular head-
ers are made hollow, as shown in Figs. 1, 4,

5, 3, and 9, the internal space having parti- |
‘tions 6 6, Figs. 4, 5, 7, and 8, by which it is

divided into separate cells or chambers 7 7.
The heating-tubes 5 are connected to the
header-chambers in pairs, as shown in Figs.
4, 5, and 8. Opposite to the ends of each
tube the headers have circular openings or

hand-holes 8 8, which are clearly shown in

Figs. 7, 8, and 9, and are covered by suitable
plates 9 9, secured by screws and clamps, as
represented in these figures. o
A feed-pipe 10,leading from the feed-pump
or injector, is connected to a T branch 11 112,

(shown clearly in Fig. 5,) the upper end of
which isin turn connected by a valve 12 to the
upper chamber 13 in the back annular header
4. The connection of the feed-pipe 10 with
the branch 11 11* ismade by a three-way cock
or valve 14, or two separate valves might be
used. When the cock 14 is turned into the
position represented in Fig. 5, the feed-water
can flow through the pipe 10 and the valve 14
in the direction indicated by the darts and

70
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up through the pipe 11, and, if the valve 12 is

open, through said valve into the chamber 13,

and thence forward through the upper heat-
1Ing-pipes o o to the upper chamber 13* in the
front annular header 4®*. Trom this chamber
the water can flow back through the second
pipe into the second chamber 7 on the left,
in the back header, and thence through the
third pipe to the front again, and so on, as
indicated by the darts in Fig. 5, until the
water 1s delivered into the lower chamber 15,

8o

to which thevalve16is attached and to which

the T-pipe 11* and the delivery-pipe 17 are
connected. The delivery-pipe 17 is also con-
nected to a check-valve 18, attached to and

communicating with the mud-drum 19 on the

under side of the boiler. If the valve 16 is
open, the water can then flow from the cham-
ber 15 through the valve 16, the delivery-
pipe 17, and the check-valve 18 into the mud-
drum 19, and thence, as shown by the darts
in Fig. 1, into the boiler. |
Thecylindersaddle-castings 20 are provided
with the usual exhaust-passages 21, which,

90
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as will be seen from Figs. 1 and 3, communi-
cate with an opening in the outer plate 3 of

the annular heating-chamber 1 around the
smoke-box. Theescaping steam from the ex-
haust-passages 21 can thus flow, as shown by

105

the darts in Figs. 1, 3, and 5, up into thean- -

nular heating-chamber1 and there comes into
contact with the heating-tubes 5 5 and im-
parts a portion of its heat to the water inside
of them. The exhaust-pipe 22 is connected
to the upper part of theannularheating-cham-
ber and depends from the under side, as
shown in Figs. 1 and 3. It is made in bent

or J form, so that the escaping steam will be

discharged from its nozzle 23 up the chimney
24, as 1ndicated by the dotted lines in Figs. 1
and o. o

One of the great difficulties with feed-water
heaters on locomotive and other engines is
that the tubes and heating-spaces containing
the water soon become obstructed with mud,
sediment, or solid incrustations and deposits
of various kinds. To obviate this difficulty,
or rather to facilitate the removal of any ob-
structions and the repair or renewal of the
tubes, the heating apparatus herein set forth
18 placed wholly on the outside of the smoke-
box proper, and the tubes are thus easily ac-

cessible from the hand-holes 8 in the headers
by removing the covers, which can easily be

done by simply unscrewing them from the
bolts which hold them. Any tube can thus

be made accessible at either end and through
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its entire lengih without disturbing any of |

the others, and the exposed tube and the
spaces in the headers can thus be rapidly
cleaned orthetube becalked, if it should leak,
or be removed and renewed in case of failure
from any cause.

In case the heater should fail in any way,
such as by the bursting of a tube, provision
1s made s0 that the feed-water can easily be
shut off from the heater and fed directly into
the boiler. T'his may be done by closing the
lower valve 16, Fig. 5, and turning the three-
way cock 14 into the position shown in Fig. 6.
The feed-water would then flow from the pipe
10 downward from the cock 14 through the
pipe 11%, as indicated by the dart in IFig. 6,
and 1f the valve 10 is closed the water could
not enter the heater, but would pass direct
through the delivery-pipe 17 into the check-
valve 138, and thence into the boiler., This
change can be made in a few seconds while
the engine is either running or standing still.

Another dif iculty common to neally all
feed-water heaters is that the sides of the in-
closing vessel and the tubes areexpanded and
contr acted in diifferent degrees by the difier-
ences in temperature to which they are ex-
posed. To provide for such action, the inner

and the outer shells of the annular heating- |

chamber are corrugated for a portion of their
length, as shown at 25 25 1n Figs. 1 and 9,
The corrugations permit of a small amount
of elongation or extension of these plates in
case the tubes are expanded or contracted by
heat or cold.

A manhole and cover 26, IFigs. 1 and 3, is
provided to give access to the heatmw cham-
ber for eleamng and also for fas‘uemnn and

calking the 0111:(31 plate to the eylmdel -cast-
ings.

As hereinbefore stated, the temperature of
exhaust-steam is about 240°, If the feed-
water was exposed in a heater to this temper-
ature for anunlimited time, it would acquire
the same degreé of heat; but the conditions
under which all boilers, and especially those
used 1n locomotives, are worked prohibit the
exposure of the water to the surfaces in the
heater for more than a short time, not sufii-
cient for the exhaust-steam on one side of the
heating - surfaces to impart a temperature
equal to its own to the water on the other
side. For this reason it is only possible {o
heat feed-water with exhaust-steam to a tem-
perature somewhat lower than that of the
steam. The waste products of combustion,
however, which escape from the tubes of lo-
comotives olften have temperatures as high
as 800” or 1,000°. Consequently if the feed-
water after being heated by exhaust-steam
to a temperature somewhat below 240° (that
of the steam) was then brought in contact
with surfaces heated by the waste gases of
combustion another inerement of heat would
be absorbed by the water. Many efforts have

been made prior to my invention to heat feed- |

708

&u.

water by the waste products of combust.ion

from locomotive-boilers, buttheyhavealways

been abandoned for the reason that in order
to provide the requisite heating-surface for
the transfer of the heat from the waste gases

- to the feed-water more or less bulky and com-

plicated structures had to be added to the
boilers. The first cost and expense of main-
tenance of these was considerable, and their
maintenance was often troublesome and an-
noying. They were all based upon the prin-

ciple of bringing the waste gases in contact

with feed-water-heating surfaces after they
had escaped from the tubes in the boiler.
Under my invention the heating of the feed-
water by the waste products of combustion
is effected by providing diaphragms in the
boiler to keep the feed-water in contact with
the portions of the tubes at and adjacent to

- their discharge ends, with which portions the

oases come in contact atter they have passed
through the preliminary portionsof thelength
of the tubes and haveimparted as much heat
to the surrounding water as they do in boil-
ers of the ordinary construction. The amount
of heat transmitted by any heating-surface is
proportioned to the difference of the temper-
atures in the two sides. If then the coldest
water is kept in contact with that portion of
the tubes through which the gases pass last
and after their temperature has been reduced,
more of their heat will be transmitted to the
cold water than would be if that surrounding
this portion of the tubes was hotter. In other
words, the difference in temperature inside
and outside of the portions of the tubes ad-
jacent to their discharge ends will be greater
if the cold water is kept in contact with them
than it wounld be if the hotter water in the
boiler could circulate freely around them,

' and consequently the transmission of heat to

the cold water will also be greater. To ac-
complish this end, I provide a vertical plate
or diaphragm 27, Kig. 1, some distance, pref-
erablyin practice about four or five feet, back
of the front tube-plate 25. This diaphragm
divides the front part of the water-space of
the boiler from the back part.
plates 29 and 30 are also placed between the
tubes and another, 31, above them, so as to
divide the space in front of the (ﬁaphragm
27 into as nearly as practicable three equal
divisions. The lower horizontal plate 29 is
attached to the front tube-sheet 23, but does
not extend entirely back to the vertical plate
27, a space being left between it and the
dmphmﬂrm 27. The intermediate horizontal
plate 30 is attached to the diaphragm 27, but
does not extend entirely to the tube- plate a
space being left between them. The vertical

diaphragm 27 does not extend up to the water-
line, but might, if desired, be made to project
"zbove it, in which case the uppe1 pla,te 31
could be omitted.

For convenience of deseumlou the dis-
charge ends of the fire-tubes may be desig-
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nated as the **front” ends and tubes through
which the products of combasmon are con-
veyed as ‘‘fire-tubes.”

By the means above described the pm tion
of the boiler between the vertical diaphragm
and the tube-plate is divided into three ap-

proximately equal compartments, as hasbeen
explained, and the feed-water is introduced
through thecheck-valve 1§ into the lower one,
and is then in contact with the coldest part

of the lower boiler-tubes. - Asthe feed-water
1s forced 1n 1 rises and flows into the inter-
mediate compartment, as indicated by the
darts, and thence into the upper compart-

ment, from which it flows into the back part
of the boiler.
is kept in contact with the front ends of the

By this means the feed-water

fire-tubes and surrounds them for a consider-
able period—long enough for the waste gases
to transmit a part of their heat to the water.

This 18 accomplished without adding any ad-

ditional parts to the boiler excepting the

- plates which form the divisions in the front

end; but as the pressure on each side of these
plates is alike they are not subjected to any
strain, and are therefore nof liable to fail or

- get out of order.

30

35
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As the temperature of the waste gases is at

tlmes very high, more or less ste&m may be
generated in f1011t of the diaphragm 27. To
permit such steam to escape from the under
side of the top plate 31, an open space 34 is

left between it and the tubei-pla-te 28. In or-

der that the steam may escape into the space
above the surface of the water and the water
below the plate be retained in contact with
the front ends of the boiler-tubes, a vertical
division 35 is attached to the upper plate 31
and extends above the water-line, which is
represented by the dotted line 36 36. With
the same object in view tubes 37 37 are pro-
vided, which are connected to the plate 31
and also extend above the water-line. The
water of course will not risein the tubes above
the water-line 36 36 outside of them and there-
fore cannot flow upward through them, but
is confined Dbelow the plate untﬂ 1t 1s dis-

~ placed by fresh feed-water entering below.

50

55
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The movement of the water in the hea,tmﬂ'-
space in front of the diaphragm 27 is indi-
cated by darts in Fig. 1

A single vertical plate or diaphragm 27
might be used and the horizontal plates dis-
pensed with, and in such case it would be de-
sirable to carry it up above the water-line, so
that the feed-water could not flow from the
heating-space until the water in it had risen
above the water-level in the rest of the boiler.
Other wvertical circulating-plates instead of
horizontal ones might be used in combina-
tion therewith, but the construction shown in
Iig. 1 1s deemed the preferable one.

In removing locomotive-boiler tubes it is
customary to cut off theirfront ends and take
them out of the boiler through the opening
(not shown in the drawings) for the steam-
pipe in the front tube-plate 28.

the tubes at this point.
possible to remove them after they become -
incrusted, the holes in the diaphragm-plate -

around the tube.

the tube back of the diaphragm-plate.

| be impossible to do this with tubes which pass

through the vertical diaphragm-plate 27, they
would have to be taken out through theirown
openings in the front tube-plate. If these

- tubes were made to fit aceurately in the holes

70

in the diaphragm-plate 27 and should then

become incrusted with a hard deposit of lime
or other substances, it would be very difficult
to draw them through tke holes in the dia-

phragm-plate.
into direct contact with the edge of the dia-

‘phragm - plate without fitting “in the holes

tight the jar of the locomotive would wear
In order to make it

should be made considerably larger than the
tubes. At the same time it is desirable that
the boiler-tubes should be water-tight, or
nearly so, where they pass through this plate,
and they should also have more bearing-sur-

face than would be provided with any ordi-

nary thickness of plate that would be used.

To meet these requirements, the holes in the

I‘urthel if the tubes came 'I

80
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diaphragm-plate are made considerably larger

than the tubes and bored of taper form. A
thimble 38, Figs. 1 and 2, of conical form is
provided for each tube and is driven into the
diaphragm - plate so as to fill the opening

made in one piece or ‘‘soiid,” 1t would be es-
sential to slide them off the whole length ﬁf
AS
this would be very difficult to do if the tubes
were covered with any considerable amount
of incrustation, the thimbles are made in two
halves, asindicated in Figs. 2 and 2*. When
made in this way, they may be removed from
the tubes as soon as the thimbles are driven

out of the holes in the diaphragm-plate, and

If these thimbles were

95
100 '

1'05..'.

the tubes can then be withdrawn through the
holes in the front tube-plate, which are made

larger than the tube itself.

It is a well-known fact that water when
heated will precipitate certain solid sub-
stances, such as lime, which will be held in
solution when the water is cold.
apparatus herein described the feed - water
would be heated by the exhaust-steam to a
temperature somewhat below 240°, and there-
fore if some substances are held in solution
they would then be precipitated. Asthisproc-
ess would be promoted if the water could be in

a state of partial quiescence before it enters -

the boiler and asitis very desirable to exelude
from 1t all substances which form incrusta-
tions, I provide a mud-drum 19 below the
feed-water-heating space, into which the wa-
ter which has been heated by the exhaust-
steam is admitted. In this drum the water
can remailn partially quiescent after it enters,
which permits the solid material to be pre-
cipitated in the mud-drum, from which it can
readily be removed. A cover 40 is provided
in the lower end of the mud-drum, which can
be easily removed for cleaning it, and a blow-

As it would | off cock 41 enables the contents of the mud-
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drum to be blown out whenever it is desirable
to do so.

In the use of the descriptive term ‘‘annu-
lar” as applied to the chamber containing the
heating - tubes I do not desire or intend to
limit myinvention to a constructionin which
said chamber is of circular outline or extends
uninterruptedly around its axial or middle
line, as it will be seen that its form in trans-
verse section may be varied or 1ts continuity
interrupted without departure from the spirit
or operative principle of my invention. '

YWhile the construction for heating the feed-
water by exhaust-steam and that for heating
by the waste products of combustion are here
desceribed as operatingin connection one with
the other and while such a combination 1s
considered advantageous, it 18 not essential

.that they should be combined, but either

could be worked separately, and thus secure
its own measure of economy.

I claimas myinvention and desire to secure
by Letters Patent—

1. In a steam-boiler feed-water heater, the

combination of an annular heating-chamber,
a system of heating-tubes in said chamber
through which feed-water may be circulated,
an exhaust-steam opening leading into said
chamber, an exhaust-steam outlet leading
outof said chamber, a feed-water-supply pipe
connected with one end of the heating-tube
system, and a feed-water-delivery pipe con-
nected with the opposite end of the heating-
tube system.

2. In a steam-boiler feed-water heater, the
combination, of an annularheating-chamber,

adapted to form theinclosure or casing of the
smoke-box or uptake of a steam-boiler, asys- .

tem of heating-tubes in said heating-cham-
ber, through which feed-water may be circu-
lated, an exhaust-steam opening leading into
salid chamber, an exhaust-steam outlet lead-
ing out of said chamber, a feed-water-supply

pipe connected with one end of the heating-

tube system, and a feed-water-delivery pipe
connected with the opposite end of the heat-
ing-tube system.

3. In a steam-boiler feed-water heater, the
combination of an annular heating-chamber,
a system of heating-tubes in said chamber
through which feed-water may be circulated,
an exhaust-steam opening leading into said
chamber, an exhaust-steam outlet leading
out of said chamber, a feed-water-supply pipe
connected with one end of the heating-tube
system, a feed-water-delivery pipe connected
with the opposite end of the heating-tubesys-
tem, and a mud-drum adapted to be connect-
ed to the water-space of a steam-boiler and to
the feed-water-delivery pipe.

4. In a steam-boiler feed-water heater, the
combination of an annular heating-chamber,
asystem of heating-tubes through which feed-
water may be circulated in said chamber, an
exhaust - steam opening leading into said

chamber, an exhaust-steam pipe leading out ;

of said chamber, a feed - water - supply pipe
connected with one end of the heating-tube
system, a feed-water-delivery pipe connected
with the opposite end of the heating -tube
system, a direct boiler-supply pipe leading
out of the feed-water-supply pipe, a cock or
valve controlling communication between the

feed-water-supply pipe and the heating-tube

system, and between said supply - pipe and
the direct boiler-supply pipe respectively,
and a valve controlling the feed-water-deliv-
ery pipe. |

5. In a steam-boiler feed-water heater, the
combination of an annular heating-chamber,
headers forming the ends of said chamber
and divided into separate cells or compart-
ments, heating-tubesin the heating-chamber,
connected in alternate pairs to the cells of
opposite headers, a feed-water-delivery pipe
leading from the heating-tube system to a
point of connection with a steam-boiler, a
feed-water-supply pipe leading from a point
of connection with a boiler-feeder to the feed-
water-delivery pipe, a branch pipe.connect-
ing the feed-water-supply pipe with the heat-

ing-tube system, a valve controlling commu--

nication between the boiler-feeder connection
and the heating-tube system, and a valve
controlling communication between the heat-
ing-tube system and the feed-water-delivery
pipe, said valves being adapted to adinit feed-
water to and through the heating-tube sys-
tem before its entrance into the feed-water-

1 delivery pipe, or to shut it off from the heat-

r
|

l

ing-tube system and admit it directly into the
feed-water-delivery pipe. |

6. In a steam-boiler feed-water heater, the
combination of an annular heating-chamber,
annular headers closing the ends of said
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chamber and divided into separate cells or

chambers, a system of pairs of heating-tubes

i connecting the opposite headers, the mem-

bers of each pair of tubes communicating, at
one end, with a cell of one of the headers, and,
at the other end, with two cells of the oppo-
site header, an exhaust-opening leading into
the heating-chamber, an exhaust-pipe lead-
ing out of said chamber, a feed-water-supply
pipe connected with one end of one of the
headers, and a feed-water-delivery pipe con-
nected with the opposite end of said header.

7. In a steam-boiler feed-water heater, the
combination of an annular heating-chamber,
annularheadersclosing the endsof said cham-

ITO
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ber and divided into separate cells or cham-

bers, a system of pairs of heating-tubes con-
necting the opposite headers the members of -

each pair of tubes communicating, at one end,

with a cell of one of the headers, and, at the.

other end, with two cells of the opposite
header, removable plates or caps closing
hand-holes in the header-cells through which
the tubes may be cleaned, removed, and in-
serted, an exhaust-opening leading into the
heating-chamber, an exhaust-pipe leading
out of said chamber, a feed - water-supply
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pipe connected with one end of one of the
headers, and a feed-water-delivery pipe con-
nected with the opposite end of said header.

8. The combination, with a steam-boiler, of
a smoke-box or uptake having an inner and
an outer shell, between which 1s located an
annular heating-chamber, a system of heat-
ing-tubes traversing said chamber, and sur-
rounded, in operation, by exhanst-steam, con-
nections from said heating-tube system to the
boiler and to a water-feeder, and an inlet and
an outlet for the admmission and escape ot ex-
haust-steam to and from the heatmﬂ'-*cham-
ber.

9. The combination with a steam-boiler, of
a smoke-box or uptake having a second or
outside shell, between which and the inner
shell an annular heating-chamber 18 located,
a system of heating - tubes traversing said
chamber and accessible and removable from
the outside of the smoke-box and boiler, con-
nections from said heating-tube system tothe
boiler and to a water-feeder, and an inlet
and an outlet for the admission and escape

of exhaust- StG‘LHl to and from the he%tm - |
chamber.,

10. The combination, W1th a steam-boiler,
of an annular heatmm(}hambel sunoundmn
a smoke-box and h’aving an opening for con-
nection with a discharge flue or stack, a sys-
tem of heating-tubes in said chamber, an ex-
haust-inlet opening leading into said cham-
ber, an exhaust-outlet pipe le&dlﬂﬂ‘fl om said
ehambel on the side of its axis opposite the
exhaust-opening, a feed-water-supply pipe
connected with one end of the heating-tube
system, and a feed-water-delivery pipe con-
nected with the opposite end of the heating-
tube system.

11. The combination, with a steam-boiler,
of an annular heatin ﬂ*-ehambel surrounding 2
smoke-box, a system of heating-tubes throug oh
which feed-water may be circulated in said
chamber, an exhaust-opening leading into
sald chamber, an exhaust-pipe leading out of
sald chamber, on the side of its axis opposite
the exhaust- opening, a feed-water-supply
pipe connected with one end of the heating-
tube system, a feed-water-delivery pipe con-
nected tothe opposite end of the heating-tube
system, and a mud-drum attached to the
water-space of the boiler, and to the feed-
water-delivery pipe.

12. The combination, with a steam- bmler
of a smoke-box having a shell which is corru-
gated for a portion of 1ts length, an exterior
casing which is also corrugated for a portion
of 1ts Ten gth, annular members interposed be-
tween the smoke box shell and exterior cas-
ing at the ends thereof and forming there-

Wlth the boundaries of an annular hea,tmcr-.

chamber, a system of heating-tubes throucrh
which feed-water may be cir eul&ted in ,sald

- chamber, anexhaust-inlet opening and an ex-

haust-outlet pipe leading into and out of said
chamber, a pipe leading from a source of
feed-water supply to one end of the heating-

| tube system, and a delivery - pipe leading

from the opposite end 01‘ the heat,mo'-tube
system to the boiler.
13. The combination, with a steam- bmlel

of a feed-water-supply mlet opening into the |

forward portion of the Water.-Space, or that
adjacent to the front ends of the boiler-tubes,
and a transverse diaphragm interposed be-
tween the supply-pipe and the rearward por-

tion of the water-space, said diaphragm being

perforated for, and traversed by, the boiler-
tubeslocated within itscompass, and abutting
against the bottom and suile portions of the
boiler-shell. |
- 14. The combination, Wlth a steam-boiler,
of a feed-water-supply inlet, opening into the
forward portion of the water-space, or that
adjacent to the front ends of the boiler-tubes,

1°

£

a transverse diaphragm interposed between' .
the supply-pipe and the rearward portion of

the water-space, said diaphragm being perfo-
rated for, and traversed by, the boiler-tubes

located within its compass and abutting

90 '

against thie bottom and side portions of the
boiler-shell, and thimbles fitting around the
tubes passing through the diaphragm, and

within the tube-openings in the diaphragm.

15. The combination, with a steam-boiler,
of a feed-water-supply inlet, opening into the
portion of the water-space adjacent to the
front ends of the tubes, a transverse dia-
phragm interposed between the supply-inlet
and the rearward portionof the water-space,
sald diaphragm being perforated for, and

95 -

So_-;

100

traversed by, the boiler-tubes located within

its compass and abutting against the bottom
and side portions of the boiler-shell, and di-

vided or two-part thimbles fitting around the

tubes passing through the diaphragm and
within the tube-openingsin the diaphragm.

.105': B

16. The combination, with a steam-boiler, |
of a feed-water-supplyinlet, openingintothe

portion of the water-space adjacent to the

I10

front ends of the tubes, a transverse dia-
phragm interposed between the supply-inlet

and the rearward portion of the water-space,

and circulating-plates dividing the water-
space 1n front of the diaphragm into compart-

115

ments for the traverse of feed-watm in alter-

nately opposite directions.

17. The combination, with a steam-boﬂel,.

of a feed-water -supply mlet opening into the
portion of the water-space adjacent to the
front ends of the tubes, a transverse dia-
phragm interposed between the supply-inlet

and the rearward portion of the water-space,.

a horizontal circulating-plate extending for-
wardly from the diaphr&gm and a horizontal

circulating-plate extending rearwardly from

the front flue-sheet.
18. The combination, with a ste&m-boller,

of a feed-water-supply inlet, opening into the S

portion of the water-space adjacent to the
front ends of the tubes, a transverse dia-
phragm interposed between the supply-inlet

120 o
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and the rearward portion of the water-space,

| and perforated forandtraversed by the boiler-

.......
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tubes, a lower horizontal circulating-plate
extending forwardly from the diaphragm, an
infermediate circulating - plate extending

rearwardly from the front flue-sheet, and an

upper horizontal circulating-plate located ad-
jacent to the normal water-level of the boiler.

19. The combination, with a steam-boiler,
of a feed-water-supply inlet, opening into the
portion of the water-space adjacent to the
front ends of the tubes, a transverse dia-
phragm interposed between the supply-inlet

and the rearward portion of the water-space,

and perforated forand traversed by the botler- |

tubes, a lower horizontal ecirculating-plate
- extending forwardly from the diaphragm, 13
an intermediate circulating-plate extending
rearwardly from the front flae-sheet, an up-
per horizontal circulating-plate located ad-
jacent to normal water-level of the boiler, and
passages forthe escape of steam from the un- 20
der side of the upper circulating-plate to the

steam-space above the water-line.
| MATTIIAS N. FORNEY.

Witnesses:
J. SNOWDEN DBELL,

C. A, WILLIAMS, | .
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