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To all u,hom 1t 'may concern:

Be it known that I, Joserrr W. Gnn;LF
a citizen of the United States, residing in
the city and county of Philadelphia and
Stateof Pennsylvania; have invented .cer-
tain new and useful Improvements in.Steam

: Svstems, of: Wthh the ,followmof 15 a speci-

fication. - :

*.This m\'entmn velates to steam svstems
in which are emploved apparatus for utiliz-
ing exhdust steam from any suitable source,
as for instance froni one or more reciprocat-
ing engines. Heretofore exhaust steam from
aft-engine has been-carried to and utilized
in a-prime mover, such as a low-pressare
steam:turbine: also, it. is cominon to em-
ploy +such “exhaust steam in a feed-water
heater for heating’svater which is afterward
fed to the boilers supplving steam_to the
engine. 'The present invention is directed
to the provision of a system in which the
e\hauqt steam from one or more engines
is employed in part in a low-pressure prime
movetr’ and in part in a feed-water heater
or other héating or drving svstem. both of
these devices b('mg supphed with steam
from the same source.

-When a steam engine of the reciprocating
tvpe is opemted without employing a con-
denser in-the exhaust line, the steam ex-
hausted from the cylinder is at-a pressure
considerably above atmospheric’ pressure.
This steam passing from the engine, in ad-
dition to heing: «nbchntmlly above atmos-
pheric pressure, is supplied practically con-
stantly during the operation of the engine

.in an amount dependent upon the work be-

ing done by the engine.. It therefore repre-
sents a very, (onqdemble amount of power
‘md this pow er mav be developed by ntiliz-
ing the steam in Avie -es specially ad: ipted for
use with lowv-pressipd steam. Tn such a sys:
tem, a-feed-water heater may be emploved to
advan age utilizitig exhaust steam for heat-
ing w ater to he wtumod to the botlers, butin
many. cases only a portion of the e}\h‘mst
sleamn would be required for this purpose.”
Thc ‘rémainder of the steam ‘is therefore’

avdilable for other nses and may be profit-'

Aahl\ utilized in a steam turbine epecially’

designed to cperate on low-pressure steam. |

I ‘sceordance with the invention, a low-
pressure turbine and ‘a feed-water heqter
or other he*ﬁmg or drving device aré con-

5 nected to the exhanust of a c;team system, as
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the exhaust pipes leading from one or more
reciprocating engines, and in combinsdtion

with these devices, means are employed for -

insuring proper opentlon thereof. The
pressure of the steam in the exhaust line
changes considerably from time to time due

to various cauges but it is important that the .

supply of steam to the heater be maintained
at all times and under all conditions. To
this end, a source of supply of live steam is
connected to the heater and provided with
antomatic controlling devices, whereby the

steam supply is opened whenever the ex--
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haust steam supplied to the heater is insuffi- .

cient. When live steam is supplied to the

heater in this manner, it should not be. al--

lowed to.pass through the connections. for
carrving exhaust steam to the heater and

70

thus be utilized in the low- -pressure. turbine, -

as it would be undesirable to.operate that
turbine with live steam. Medns are there-
fore provided which operate antomatically
to close the connections for carrving exhaust
steam to- the heater under mdetu'mmed
conditions. such elosure of the (‘\lmus’t steam
passage occurring at a -pressure - slightly

75
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}nwhm than that at which thé conneetion for

arrving live steam to the heater apens.
The preferred embodiment of the inven-

“tion is  illustrated in the ‘wcomp“nvmo‘

drawing which shows the- qever‘\l devices in
elev ation together with the plpmg conncct-
ing them.

Refenmfr to the drawing, 1 indicates a
steam engine whose (‘\hndors exhaust into
the ﬂhaust line 2. The engine here shown
1s illustrative (m]v as it may be:of any suit-
able construction, and usually & number of

engines will bhe connected to the same ex-

haust line 2. This exhaust pipe 2 is con-
nected by a pipe 3 to a low-pressure steam
turbine 4 so that a portion of the exhaust
steam 1s carried to the turbine 4 to operate
the latter, the turbine delivering power in
any suitable mabner, as by means of a gear
5 on the shaft thereof. An oil separator 6
is connected in the pipe leading to the tur-
bine so as to clear the steam of w ater, eyl-
inder oil and other foreign substances. A’
branch pipe 7 leading from the exhaust pipe
9 also carries stéamto a feed-water heater 8.
This heater may be of any suitable construe-
tion and of either the open or closed type
so that the steam is'mingled with or carried
adiacent to the incoming water and énnced
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to impart its heat thereto. I-have shown a
heater of large size to contain a substantial
quantity of heated water; it is provided
with an oil separator 9 through which the
steam passes to the heater and a trap 10 for
carrying off to waste oil and excess water.
‘When the oil separator 6 is located as shown,
the separator 9 may be omitted and when
the separator 9 is provided as shown at-
tached to the wall of the heater, the separa-
tor 6 may be placed in the pipe 8 between
pipe 7 and the turbing 4. The heater 8 is
provided with an exhaust pipe 18 in which

. is a relief valve 11, and also with either a

15

thermostatic or a manually-operated vent 12
for permitting the escape of air. from the
heater 8. In the pipe 7 leading to the heater
8 is a pressure-reducing valve 18 set to re-
duce the pressure of the steam flowing
through it to a predetermined point so that
this steam may be safely utilized in the
heater 8 and will give the desired heating
of the water therein.. Furthermore, this

- pressure-reducing valve 18 is so constructed
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that it will close when the pressure in pipe
7 falls below a predetermined point. TIf de-
sired, however, these two functions of reduc-
ing the pressure of the steam and closing the
passage 7 need not both be placed upon the
valve 13; instead, that valve may be used
as a pressure-reducing valve solely and a
separate check-valve 19 may be provided in
pipe 7 for closing that passage when the
pressure-of the steam flowing therein falls
below that desired for the steam-to be ad-
mitted to the heater 8. Furthermore, if the
heater 8 be of sufficient strength and the re-
lief-valve 11 thereof be properly adjusted,
the pressure-reducing valve 13 may be. dis-
pensed with and the check-valve 19 only

‘employed, the latter being arranged to close

_ pipe 7 when the pressure therein drops to a

predetermined point.. A pipe 14 leads from

. a source of supply of live steam to the pipe

45

7 at a point in the latter between the heater

8 and valve 13 and in this pipé 14 is a°

" pressure-reducing valve 15 which reduces
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the pressure of the live steam flowing theré"
through to a pressure low enough to permit
of the utilization of the steam in the heater
8: also, valve 15 remains closed when the
pressure on the heater side thereof exceeds
a predetermined amount. Tnstead of the
pressure reducing valve ‘15, a valve con-
trolled by a thermostat projecting into the
water in the heater may be emploved.
Such a svstem as that above described
may be operated with the engine exhaust-
ing steam at a pressure of ten pounds per

square inch and this steam will pass through .

the, pipes 2. 3:and 7 -to .the turbine 4 and

~ “heater 8. The valve 13 may bhe set to re-

65

duce the pressure of the steam passing there-
through and through pipe 7 to heater 8 to
three pounds so that however the pressure

1,012,625

the steam entering the heater 8 through pipe
7 will never be above three pounds pressure.

in the construction of the heater 8 since the
latter will not be subjected to an excessive
pressure.
heater, the relief valve 11 in the exhaust
cutlet 18 may be set to open on a pressure
of four pounds within the heater, in which

of five pounds with entire safety. -

pipe 7 falls below that desired for the steam
to be used in the heater 8, the pipe 7 will be
automatically closed by the check-valve 19.
Thus, this valve may be so set that it will

pound. The closure of pipe 7 in this way in

cuts off the heater from the exhaust line.

The adjustments of these ‘valves should' be
such that valve 15 will open immediately.

sure in the exhaust line rises at any time, the
“valve 13 will: be automatically opened and
the exhaust steam will pass into the heater,
raising the pressure therein, and this in-

close it so that the supply of live steam will
not be drawn on for a longer time than is
necessarv. It will thus be seen that in the

such extent as is required for that purpose
and that the surplus of  steam above that
amount is utilized in the turbine 4 to de-
velop power; that if ever the supply of ex-
haust steam falls below that necessary for
heating purposes in heater 8, live steam will
be automatically supplied to the heater to
maintain the temperature of the water there-
in; that the supply of live-steam willhe cut

steam again becomes capable of properly
heating the water in the heater; and that

of air therein from the heater through the
steam connection between them by the pro-
vision of cither or both the valve which
closes that connectioh when the pressure
therein falls helow a predetermined- point,

pressures mentioned above at which the sys-

tem is aperated and dt which the valves open

of the exhaust steam in pipe 2 may vary,
' 11 this be done, an economy will be. possible -

As a further protection for the’

case the heater may be constructed with a -
view to withstanding a maximum pressure

close when the pressure in pipe 7 falls to one’
response to a fall of the pressure therein

The supply of sfeam to the Hedter 8 will,
however, be mamntained ‘at all times for .
when the check-valve 19 closes, live steam’
will be admitted to the heater through the .-
,pipe 14 due to the opening of valve 15 when .
the pressure on the side thereof toward the
heater drops below a predetermined point.:
95

the turbine is protected against the entrance
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When the pressure of the steam ﬂowfng in
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after valve\19 has closed. When the pres- -
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“crease of pressure acting on valve 15 will =~
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svstem dlescribed, the exhaust steam is uti- - -
lized in heating the feed-water in heater 8 to-

110 -
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off automatically as soon as the exhaust .

120

125

and the means for nmintaining ‘the swpply . - -
of steam to the hegter under-all-eonditions. -
Tt will ‘of course be understood that the

130
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and close are selected only in describing the
construction and operation of the apparatus
and such changes in these and other respects
as may be made desirable by the conditions
of a particular system will be apparent.
Thus, 1f desired, the pressure-reducing valve
-3 may be omitted and the check-valve 19
only utilized for. closing the steam passage-
way leading to the heater 8, the function of
the check-valve being to close pipe 7 when

- live steam is being supplied to the heater

i

20

through pipe 14. In this case, it may be
necessary to construct the heater so that it
is-eapable of withstanding 2 greater pres-
sure, that is,; the maximum pressure that
would ‘be carried in- the exhaust main 2
under rormal operation of the system. If
the pressure in the heater ever excecded this,
it would be relieved by the valve 11 and if

-the pressure in pipe 7 fell to or below at-

mospheric pressure, the check-valve 19
would close.. It will be seen that the supply

~of steam ‘to the heater is maintained at-ail
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times, this steam being exhaust steam when
such steam at the proper pressure is avail-
able and live-steam at other times. Inthis
way, not only is proper operation of the
heater at all times msnred, but furthermore
during such operation in the manner de-
scribed, air cannot gather in the heafer,
which air might be drawn through pipes 7
and 3 and into the low-pressure turbine and
cause inefficient.operation of the turbine.

These and other departures from the con-
struction and operation of the system as 4
above described may be made while still re-
taining the invention and such modifications
I aim to include within the scope of the
claims appended herelo.

Having ‘described my invention, what I
claim as new therein and desire to secure by

Letters Patent of the United States is:

1. In a steam system, the combination of
apparatus employving steam, an exhaust line
leading- therefrom, a low - pressure prime-
mover and a heater connected to the exhaust
line, a live-steam connection to the heater, .
valve therein opening automatically when
the pressure in the heater falls to a predes,
termined point, and a valve in the connec-
tion for carrying the cxhaust nicam to the
heater, which valve closes automatically
when the pressure within said connection is

- slightly higher than that at which the valve

60

in the live-steam conneciion opens, substan-
tially as set forth.

2. In a steam system, the combination of
apparatus employing steam, an exhaust line
leading therefrom, a low-pressuve prime
mover and a heater connected to the exhanst
line, a live-steam connection to the heater,
a valve therein operated antomatically
under predetermined conditions, and & valve

-in the stenm passageway between the heater

65

and .said” prime-mover operated automati-

cally under predetermined conditions, sub-

stantially as set forth. :
3. In a steam system, the combination of
apparatus employing steam, an exhaust line

leading therefrom, a low - pressure prime 70

mover-and a heater connected to the exhaust

‘line, a live-steam connection to the heater,

means for antomatically closing and open-

.ing said connection, and means for closing

the exhaust-steam connection to the heater 75

when the said live-steam connectién is open,
substantially as set forth. L

4. In a steam system, thé combination of
apparatus employing steam, an exhaust line

leading therefrom, a low-pressure .prime 80

mover and a heater connected to the exhaust
line, a live-steam connection to the heater,.
means for automatically closing and open- .

ing said connection, and means for. closing

the exhaust-steam connection to the heater 85

when the said live-steam connection s open,.

said last-named means being automatically -

opened when the pressure in the exhaust line
rises to a predetermined point, substantially
as'set forth. S

5. In a steam system, the combination of
apparatus employving steam, an exhiaust line.
leading thervefrom, a low-pressure _prime
mover and a heater. conneeted to the exhaust

valve therein and a valve in the pipe carry-
ing exhaust steam to the heater, said valve'
operating = automatically under predeter-
mined conditions, substantially as set forth.

“line, a live-stéam connection to the heater, a 95

6. Tn a steam system, the combination of 100

apparatus employing steam, an exhaust line
leading therefrom, a low-pressure prime
mover and a heater connected to the exhanst
line, and a valve in the connection for carry-

ing exhaust steam to the heater operated 105

automatically under predetermined condi-
tions to close said connection, substantially
as set forth.

7. In a steam system, the combination of

apparatus employing steam, an exhaust line 110

leading therefrom, a low-pressure prime
mover and a heater connected to the exhaust
line, a pressure-reducing valve in the con-
nection “for carrying exhaust steam to the

heater and means for closing said conneetion 115

under predetermined  conditions, substan-
tially as sct forth.

8 Tn a steam system, the combination of
apparatus employing steam, an exhaust line
leading  therefrom, a low-pressure prime
mover and a heater connected to the exhaust
line, a valve in the connection for carrying
exhaust steam to the heater operated auto-
matically under predoteimined conditions,

120

a-livé-steam connection to the heater and a 126

pressure-reducing valve in said live-steam
counection, substantially as set forth.

9. Tn a steam system, the combination of
apparatus employing steam, an exhanst line

leading  therefrom, a low-pressure prime 130
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mover and a heater connected to the ex-
haust line, a pressure-reducing valve in the

" connection for carrying exhaust steam to the

heater, means for closing said connection
when the pressure therein falls to a_prede-

termined point, a live-steam connection to

the heater, and a pressure-reducing vglve in
the live-steam connection arranged té open
the connection automatically when said first-
named valve is closed, substantially as set
forth. ' -

10. In a steam, system, the combination of
apparatus employing steam, an exhaust line
leading therefrom, a low-pressure prime
mover and a heater connected to the exhaust
line, so that the exhaust steam flows from
said apparatus to both the prime mover and
the heater, and means for closing the con-
nection to the heater when the pressure
therein drops to a predetermined amourrt,

-substantially ‘as set forth.

11. In a steam system, the combination of
apparatus employing’ steam, an exhaust line

' 25 leading therefrom, a low-pressure prime

mover and a heater connected to the exhaust
line, so that the exhaust steam flows from

said. apparatus to both the prime mover and

the heater, means for closing the connection
to the heater when the pressure therein
drops to a predetermined amount, and auto-

matically-operated means for -supplying
live-steam fo the heater when the connectior
for carrying exhaust steam thereto is closed
substantially as set forth. - :

12. In a steam system, the combination of
apparatus employing steam, an exhaust line
leading therefrom, a low pressure prime
mover and a heater connected to the exhaust
line, means for closing the connection of the
exhaust line to the heater, a live steam con-
nection to the heater, and means for open-
ing the said live steam connection when the
connection of the exhdust line to the heater
is closed to maintain ‘the supply of steam to
the heater under all conditions, substantially
‘as set forth. - .

13. In a steam system, the combination of
apparatus employing steam, an exhaust line
leading -therefrom, a low-pressure prime
mover and a heater connected to the exhaust
line, and means for preventing the forma-
tion of a vacuum in the passage for carry-
ing exhaust steam to the heater, substan-
tially- as set forth. .

This specification signed and witnessed
this-19th day of May, 1910. ' :

. - JOSEPH W. GAMBLE.,
Witnesses: . _ -
Roserr G. Currron,
W. Arwoop MEHARG.



