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{0 all whom 1t may concern:

I3e 1t known that I, CHARLES D. MOSHER,
of New York, in the county of New York and
State of New York, have invented certain new
and useful Improvements in Feed-Water
Heaters, of which the following is a specifi-
cation. |

This invention relates to feed-water heat-

ers; and it has for its object to provide a con-
struction in which the feed-water may be sub-
jected. to successively-increasing degrees of
temperature. |

It also has for its object to-provide a heater
in which a portion of the exhaust fromi each of
the cylinders of a multiple-expansion steam-
engine may be utilized to heat the feed-water.

The invention further has for its object to
provide asectional feed-water heater in which
provisions are made for maintaining a steam-
supply at different pressures and tempera-
tures in the different compartments or sec-
tions of the heater. -

Other incidental objects of the invention
will appear when the same is more fully ex-
plained hereinafter.

Of the accompanying drawings, forming a

-part of this specification, Figure 1 represents

a top plan view showing a feed-water heater
constructed in accordance with my invention,
part being in section, and a quadruple-ex-
pansion steam-engine connected with the
heater. Iig. 2 represents a detail sectional
view, on an enlarged scale, showing the con-
struction at the point of passage of a tube
through one of the tube-sheets. Fig. 3 rep-
resents a modification of the above. .

The same reference characters indicate the
same parts in all the figures.

Referring to the drawings, o designates an
elongated cylindrical shell or casing having
semispherical ends of ¢’and a series of trans-
verse partitions a' o', dividing the heater into
a number of intermediate sections or com-

partments 2 2 and twoend compartments 3 3.

1The end compartment 3 at the left of the
heater is provided with an inlet-pipe a® for
the reception of feed-water, and the compart-
ment 3 at the right is provided with an out-
let-pipe a* for the delivery of the water. A
series of tubes a® o’ pass through the several

partitions or tube-sheets ¢’ and connect the |

| two end compartments 3 to each other, there-

by forming a econtinuous conduit for the feed-
water which traverses the several intermedi-
ate compartments 2. The spaces surround-
ing the tubes or pipes in the latter constitute
independent chambers separated by the par-
bitions @' and adapted to receive different
bodies of steam from suitable sources. For

the purpose of deflecting the steam in its pas-

sage through said chambers or compartments
baffles a° a® may be provided therein, each
baffle extending transversely from the side
wall and part way across its compartment.
a’ 0° represent branch pipes connected with
the bottoms of the several compartmerts 2
and leading into a common longitudinal pipe

a'  The several branch pipes are provided

with traps a’ a’, and the whole arrangement
serves to drain off the water of condensation
from the heater. Adjoining compartments 2
are connected by means of pipes b* b° b5, in
each of which is placed a reducing-valve d.
The last compartment 2 at the left is pro-
vided with an outlet-pipe ¢, which may lead
t0 & condenser. .
crepresents a quadruple-expansion steam-
engine having high, first and second interme-
diate, and low pressure cylinders ¢’ c®* ¢3¢t and
a main exhaust-pipe ¢* for the low-pressure
cylinder. Theexhausts from the several cyl-
inders of the engine are connected to the sev-
eral steam-compartments of the feed-water
heater by means of branch pipesbd’' b b3, the
first pipe 0 taking steam from the exhaust of
the high-pressure cylinder ¢’ and conducting
it to the first heating-compartment 2 at the
right, the pipe 0’ connecting the exhaust of
the first intermediate ¢® with the second com-
partment 2, the pipe b°connecting the exhaust
of the second intermediate ¢® with the third
compartment 2, and the pipe b®connecting the
main exhaust-pipe ¢, which takes steam from
the low-pressure eylinderc?, with thelast com-
partment 2 at the left. To save piping, the
branch pipesb'b*b%are connected with the left-
hand legs of the several looped pipes bt b% bt
IFigs. 2 and 3 represent two different meth-

ods of making the joint between the dia-

phragms or tube-sheets ¢’ and- the tubes d°.
In Fig. 2 an externally-tapered bushing a'?isg
driven into the aperture in the tube-sheef
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t{hrough which the tube passes and in so doing | by steam that has already been 'used_ in one
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slightly necks or contracts the tube, the bush-
ing being longer than the thickness of the
tube-sheet and being slightly tapered on the
outside finds the least resistance when it 1s
driven through the aperture in the direction
of the tube ¢, so that bushing and tube be-

come slightly contracted as the bushing is

driven in, and as the bushing reaches the.op-

posite side of the tube-sheet its diameter
slichtly increases because of the resistance

offered by the tube and the removal of the re-
sistance offered by the walls of the aperture
in the tube-sheet, thus making a tight perma-
nent joint. In Fig. 3 an expansible bushing
al* surrounds the pipe at the end of a tapped
counterbore in the tube-sheet, and a gland a*
serews into said bore and against the bushing
a¥, expanding the latter against the tube o’
and forming a tight joint.

Each of the heating-compartments 2 of the
feed-water heater receives through its branch
pipe b V', &e., a small portion of the exhaust-
steam from one of the cylinders of the engine
¢. These bodies of steam naturally vary in

water which passes through the heater in the
direction of the arrow shown in Fig. 1 from

the inlet a® to the outlet %, filling the cham-

bers 3 and the tubes ¢’ is subjected succes-
sively to increasing degrees of temperature in

its passage from one end of the heater to the

other. In passing through the first chamber,
which receives its steam from the low-pres-
sure exhaust ¢5 the feed-water is heated to,
say, 130° Fahrenheit. In the second cham-
ber, which receives its steam from the second
intermediate cylinder, the water is heated to
a somewhat higher temperature, and so on in
each successive chamber or compartment un-

~ til the water finally emerges from the heater
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at a sufficiently high temperature to pass with
advantage directly into the boiler. The pres-
sure-reducing valves d are setsoas to maintain
the proper pressure in each of the sections of
the heater corresponding to but slightly lower
than the pressure in the cylinder with which

said chamber isconnected, and said valvesare |

also preferably regulated so as to produce a
flow of the steam in the direction of the con-
denser-pipea’. Thisflowfrom the first branch
pipe b into the heating-compartment 2 at the
right and through the successive compart-

ments past the several reducing-valvesis regu- |

lated by the said valves, so that in its passage
through said valves the pressure and conse-
quently the temperature of the steam are suc-
cessivelyreduced. Theinflowing steam from

by the baffle-plates a°, so as to come thor-
oughly into contact with the tubes @’ in the
compartments 2. .

- It will be seen that the above-described con-
struction and arrangement of apparatus pro-
vides for a very.economical use of steam and

permits the feed-water to be heated to a very

| ~_high temperature before leaving the heater

or more engines.

It will be understood that the several com-
partments of the heater, or any of them, might
be connected with the exhaust of auxiliary
engines, pumps, or other apparatus using
steam, and it will be further understood that
the invention is not confined to the exact de-
sign here shown, as any number of separate
and distinet heaters might be connected in
series by pipes, so that the water to be heated
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may pass from one heater to the next and be

suceessively heated by steam of increasing

degrees of pressure and temperature.

I claim— - | o

1.- A feed-water-heating apparatus having
provisions for subjecting the feed-water suc-
cessively to different degrees of temperature,
in combination with a plurality of diiferent
heaters connected with said apparatus and
adapted to furnish heat thereto at said differ-
ent temperatures, said heaters being respec-
tively connected with the exhausts of a plu-

rality of different-pressure steam-engine cyl-
‘inders. |
pressureand temperature, and hence the feed- |

9. A feed-water-heating apparatus com-

nrisine a series of separate heaters, a feed-
P & ’

water conduit common to the several heaters,
and a series of independent inlets to the sev-
eral heaters, connected respectively with the
exhausts of a plurality of different-pressure
steam-engine cylinders.

3. A feed-water heater comprising a series
of separate heating sections orcompartments,

provisions for admitting steam thereto from.
the exhausts of a plurality of different-pres-

sure steam-engine cylinders, a feed-water
conduit common totheseveral compartments,
connections from one compartment to an-
other, and pressure-reducing valves in sald

connections, whereby different steam pres-

sures and temperatures are maintained in the
several compartments and the feed-water is

‘subjected successively to different degrees of

temperature. o | |
4, A feed-water heater comprising a series
of separate heatingsectionsorcompartments,
a feed-water conduit common to the several
compartments, a seriesof independent steam-
inlets to the several compartments, adapted

‘to be connected to a number of different
‘sources of steam, connections from one com-

partment to another, and pressure-reducing
valves in said connections, whereby different

‘steam-pressures and temperatures are main-
‘tained in the several compartments and the
feed-wateris subjected successively to differ-
_ ent degrees of temperature.

the several branch pipes b 0', &e., is deflected |

5. The combination with a multiple-expan-
sion steam-engine, of a feed-water heater hav-

ing a series of separate heating sections or
compartments, a feed-water conduit common
to theseveral compartments, and connections
‘between the several compartments and the
‘exhausts from the several cylinders of the en-
| gine, whereby steam at different degrees of
| pressure and temperature is admitted to the
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respective compartments, and the feed-water |

1s thereby subjected successively to different
degrees of temperature.

6. T'he combination with a multiple-expan-
sion steam-engine, of a feed-water heater hav-
ing a series of separate heating sections or
compartments, a feed-water conduit common
to the several compartments, connections be-
tween the several compartments and the ex-
hausts from the several cylinders of the en-
gine, whereby steam at different degrees of
pressure and temperature is admitted to the
respective compartments, connections from

one compartment to another, and pressure-

reducing valves in said connections, whereby
successively-decreasing pressures and tem-
peratures are maintained in the several com-
partments and the feed-water is subjected to
successively-increasing temperatures.

7. Afeed-waterheater comprisinga casing,
a serles of threeor more transverse partitions
dividing said casing into a number of sepa-
rate heating-compartments, and two water-

- compartments at the ends, said end compart-

ments having respectively an inlet and an
outlet for feed-water, a series of tubes con-
necting said end compartments and travers-
ing the heating-compartments, and inlets to
the several ecompartments for the admission
of steam from the exhausts of a plurality of
different-pressure steam-engine cylinders.

8. A feed-waterheater,comprising a casing,

one or more transverse partitions dividing
said casing into a number of separate heat-
ing-compartments, aseries of feed-water tubes
traversing said compartments, an inletito each
compartment for the admission of steam from
a number of independentsources, a pipe con-

nection between each compartment and its

neighbor, and a pressure-reducing valve in
each of said connections, whereby different
pressures and temperatures are maintained
in the several compartments and the feed-
water in the tubes is thereby subjected suc-
cessively to different degrees of temperature.

9. In apparatus of the character specified,
the combination of a series of separate heat-
Ing sections or compartments, a feed-water
conduit common totheseveral compartments,
a series of independent steam-inlets to the
several compartments and connected with the
exhausts of a plurality of different-pressure
steam-engine cylinders, branch pipes connect:
ed with the bottoms of the several compart-
ments and communicating with a drain-pipe
common toall, and drain-trapsin said branch
pipes. \

In testimony whereof I have affixed my sig-
nature in presence of two witnesses. -

CHARLES D. MOSHER.

Witnesses:
ROLLIN ABELL,
C. F. BROownN.
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