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To all whom it may concern: -
beitknown that I, PHILIPPE LYONS CLARK,
a citizen of the United States, residing at
Barnard House, Chelmsford,in the county of
HEssex, England, haveinvented a new and use-
ful Improvement in the Method of Operating
Steam-Power Plants; and I do hereby declare
the following, when taken in connection with

tne accompanying drawings and the letters.

of reference marked thereon, to be a full,
clear, and exact description of the same, and
which said drawings constitute part of this
specification, and represent, in—

Figure 1, a view, partly in vertical section

and partly in elévation, of one form which an
apparatus forcarryingout myimproved meth-
od may assume; Iig. 2, a detached broken

view in vertical section, illustrating a form of

pump which may be used in an apparatus for

carrying out my improved method.

My improved method relates to that class.
of inventions designed to utilize the exhaust

of stean-power systems by injecting the ex-

haust thereof back into some part of the

power system, and it more particularly relates
to that branch of the art wherein a supple-
mentary reservoir for supplying the whole or
a part of the working steam to the motor has

been interposed between the generator and

the motor, and wherein one funection or the

sole function of the generator has been to

1
-

supply steam to actuate the injector.

In all prior methods of which I am aware
of employing an interposed reservoir for the
working steam no provision has been made
for maintaining a predetermined difference
of pressure between the reservoir and the
generator.
must be a congestion of mass and energy in
the reservoir, whereby the pressure therein

will attain a height at which injection will

become impossible and the system will come
to astop. Iorefficient injection of this kind
1t 18 necessary to maintain a dif
tween the generator and reservoir pressures

of at least forty-two per cent. of the genera-

tor-pressure, and such difference can only be
maintained by either discharging steam out
of the system from the reservoir or transfer-
ring it from the reservoir to the generator.

Without such provision there
I

‘erence be--|

1n establishing such a circulation inthe entire

system as will maintain a predetermined dif-
terence between the boiler and reservoir pres-

sures at a point which will allow of the full
‘utilization of the kinetic energy of the live

steam for the purpose of injecting the ex-
haust-steam into the reservoir. |

~T'he fundamental principle of my invention
1s the utilization of the internal energy of the

system to effect a constant circulation of the
~working fluid throughout the system, begin-

ning and ending a cycle at the generator.
The first essential requirement of this princi-
ple 1s to establish two distinet steam-pres-
sures In the system and maintain a constant
ratio of difference between them; second, to

‘work the motor from the lower of the two

pressures and to exhaust it into a suction and
compresslon device delivering into a reservoir
tor the lower pressure; third, to actuate the
suction and compression device by utilizing
the kinetic energy of a jet of steam flowing
at the maximum possible velocity of steam
spouting against pressure; fourth, to convert

thereservoir for the lower pressure into a par-
‘tial condenser by constantly disturbing the

relation of density, temperature, and pres-
sure in the mass therein contained, and, fifth,
toutilize the tendency to congestion of energy

1n sald reservoir to transfer the surplus of

fluid mass to the generator.

~ With the end in view of securing the maxi-
‘mum economy in the use of steam and of

avolding the objection above referred to my

Invention consists in a method in which pro-

vision 18 made for establishing and maintain-

ing a predetermined difference in pressures
‘between the generator and reservoir.

- My invention further consists in a method

of operating steam-power plants in which the
‘circulation of the working fluid throughout
‘the entire system is such as to maintaiin con-

stant a predetermined difference between the

‘higher and the lower pressures of the system

and which predetermined difference is such

-as will permit the delivering for injection of
live steam from the higher pressure against

and 1nto the lower pressure at the maximum
velocity at which live steam can be made to
flow or deliver against pressure, and the said

The advance which I have made in the art is | predetermined difference of pressures being
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maintained by the utilization of the lower p}ceS? |
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sure for the transference therefrom of a por-
tion of its mass and energy to the generator.

My invention further consists in a method
having certain other features, as will be here-

inafter set forth,and pointed outinthe claims.

In carrying out myinvention various forms

~of apparatus may ve used, dependent upon
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the character of the installation. -It will

therefore be understood that the apparatus

shown and described is only illustrative 1in.

its character and that my invention is not
limited tothe use of such an apparatus, which

may be varied in whole or in part, according
to the dictation of circumstances. |

In carrying out my invention as herein
shown I employ a boiler comprising a shell
2, set in a bed 3 and containing tubes 4, all of
any approved construction. This boiler 1
shall hereinafter for convenience refer to as
a ‘“‘generator.” Irom this generator a live-
steam pipe Hleads to the high-pressure nozzle

6 of a suction and compressiondevice, which

also comprisesa suction-chamber?7 and a com-
pressing and mixing nozzle 8. This device
has the general form and chararteristics of an
ordinary ejector or injector, and for conven-

ienceT shall hereinafter refer toit as an “*in-

3

jector.” The said nozzle §is connected with
and delivers into a supplementary reservoir
9 for the working steam which is interposed
between the generator and the steam-power
engine 10, which may also be of any approved
construction, dependent, again, upon the cir-
cumstances of use. In the claims I shall re-
fer to the said reservoir 9 as an ‘‘inclosed
space’ and to the engine 10 as a ‘‘ motor.”
This engine is furnished with an ordinary
oovernor 11 and is supplied with a working
steam-feed pipe 12, leading to it from the res-
ervoir. Thispipe extends upward toward the
top of the reservoir,so as to take the steam

- therefrom where it is driest.” The exhaust-

45

- reservoir and which is connected at 1ts other
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. the ““circulating” feed-pipe between theres- | erator to maintain the predetermined differ-

steam from the engine isled from the exhaust-
port of the engine into the exhaust-pipe 13,
the main portion of which is coiled within the

end with the suction - chamber 7 of the in-
jector already described. This pipe is fur-
nished with an exhaust-valve 13* and consti-
tutes a heater for the exhaust-steam, and will
be hereinafter referred to as the *“ heater.” -

Within the lower end of the reservoir I lo-
cate a pump comprising a steam-cylinder 14
and a delivery-cylinder 15. The said steam-
cylinder 14 is supplied with steam by a ver-
tically -arranged supply-pipe 16, extending
apward nearly to the top of the reservoir,
where it takes steam. The said delivery-cyl-

inder 15 is furnished with a supply-pipe 18,

arranged to take its supply at ornearthe bot-
tom of the reservoir. A delivery-pipe 19

leads from the c¢ylinder to the generator at a
point below the water-level thereof and 1s fur-

nished with a back-pressure valve 20. This
delivery-pipe constitutes what may be called

736,578

ervoir 3,1_1(1 the generator. An exhaust-pipe
21 leads from the steam-cylinder 14 of the

pump to the main exhaust-pipe 13 already

mentioned and is furnished with a valve 22.
The steam-cylinder 14 and the delivery-cyl-
inder 15 together with their connections may
be taken as conventional representations of
the pump, the internal construction of which
may or may not correspond to the construc-
tion shown in section by Fig. 2, which repre-

sents sucha pump as may be used in this situ-

ation, though it must be understood that I do

‘not limit myself to this construction or any

special form of pump in the prosecution of
my improved process. The piston 23 and

the piston 24 are attached to the opposite
ends of a piston-rod 25, furnished with an arm

26, carryingasleeve 27, slidinguponthe valve-

rod 28, at the opposite ends of which the valves

29 and 30 are located. - The said sleeve 27 18
furnished at its opposite ends with smaller

sliding sleeves 31 and 32, flanged at their in-

ner ends and adapted toslide within thesleeve
27. These smallersleeves are normally held
at the limit of their outward movement by
means of a compression-spring 33, located
partly within the sleeve 27 and partly within
them. When the piston-rod 25 moves from
left to right, the sliding sleeve 32 engages with
a collar 34, mounted upon the valve-rod, and
is pushed inward into the sleeve 27, whereby
the spring 33 is compressed. As the valve-

rod is moved to theright an antifriction-roller.

35, carried by the said arm 26, rides under and
lifts the trigger-dog 36, engaging with the col-
lar 34, until the dog is cleared from the collar,
at which time the force of the spring moves
the valve-rod 28 from left to right and oper-
ates the valves 29 and 30. At the same time

the dog 36* falls into position behind the col-
Now when the piston-rod 20 moves

lar 34", .
from right to left the sleeve 31 engages with

the collar 34* and is pressed inward into the

sleeve 27 and the spring 33 placed under-com-
pression. As the valve-rod is moved. to the
left the antifriction-roller 35 engages with the
trigger-dog 36* and lifts the same so as to re-
lease the collar 84*, at which time the power
of the spring 33 moves the valve-rod from
right to left and reverses the valves 29 and 30.

It will be seen from the foregoing that the

cylinders 14* and 15* of the pump are both .

in the nature of the steam-cylinders of an
ordinary slide-valve engine and that the
valves 29 and 30 are operated by a trigger-
gear set to trip at the end of a full stroke of

‘the pistons, thus doing away with any cut-off

or possibility of expansion of the motive fluid.

The head against which the pump is designed

to work is a positive constant element. The
pressure to be utilized upon both pistons of
the pump mustbe a positive pressure through-
out the entire stroke of the pump and the
capacity of the pump must be equal to anin-
stant and constanttransference of enough ot
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“pump 1s to0 maintain a given diff

‘generator and reservoir by circulating
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ence in pressures.
pump or arrangement of the valves or gear
which would admlt of the expansion of the
actuating flaid in the cylinders would mili-
tate against the action of the pump and de-
stroy its efficiency. The ratio of the eylin-

ders must be such that the pump can only

work against the desired head when the full
pressure in the reservoir is exerted in both
cylinders and so that it will then work with
suificient speed to mainfain the head con-
stant. Hach stroke of the pump must in-
crease the pressure against which it is work-
ing and reduces the pressure which is actu-
ating 1t. Under these conditions there can-
not be expansion in the cylinders, and either
water or steam can be forced into the gener-
ator. The pistons 14* and 15* are propor-
tioned to deliver either water or steam, or
both, into and against the pressure in the
Denelator whenever any excess of energy in
the reservoir causes a tendency to r educo the
difference desired to be maintained between

the pressure within the generator and the res-

In other words the function of the
erence in
pressure between the reservoir and the gen-

ervolr.

erator, which is the characteristic fe&tme of

my 1111p1"ovec1 method. The excess of energy
In the reservoir instead of reducing the head

by increasing the pressure therein actuates

the pump and transfers enough fluid mass
and energy to the generator to mmntam the
normal or predetel mined difference of pres-
sure representing the equilibrium of the ap-
paratus. This function of the pump might,
of course, be performed by some forms of
steam - traps which are,
though not commonly so desig nated.

II.:LVIDO now described one form of appars
tus edpable of carrying out my 1mproved
method, I will proceed to desecribe the opera-
tlon there{)f

In the first place it must be understood that
whatever the form of the apparatus it will be
constructed with reference to maintaining a
constant ratio oi difference of pressure in the
a por-
fion of the fluid mass and energy from the
generator to the reservoir and from the reser-
Unless such dif-
ference of pressure is maintained congestion
will follow, injection will stop, and the Nnec-
essary circulation of the system will come to
an end. Steam is made in the generator and
the reservoir loaded to the pressure at which
the engine is to be worked by delivering the
steam fl om the generator through theinj ectm:
into thelebewon* Theengine exh&ust valve
15* 1s now opened andl the engine started in
the usual way. Af teraetuatmﬂ the piston of
the engine 10 the steam passes into the ex-
haust - pipe 13 and is heated in its passage
through the coil of the pipe by the steam sur-
10_1111(1111() thesameinthereservoir. Thisheat-
ed ez{hﬂust—stemn 18 then drawn into and en-
ters the suction-chamber 7 of the injector,

in effect, pumps,

Any construction of the | where it meets the jet of live steam on’its way

from the generator to the reservoir. It is
““‘picked up,” so to speak, by this jet of live
steam and compressed and commingled there-
with in the compressing and mixing nozzle 8,
from which it is delivered into the reservoir.
The fluid mass in the reservoir will now be in-
creased by the incoming live steam from the
generator; but the ratio of volume and energy

of this steam to the volume and energy of the-

exhaust - steam from the engine is such that
the energy and Lempwatum 1n the reservoir
are notincreased in the same ratio asthe mass,

and therefore the natural relation of denmty,
pressure, and temperature having been dis-
turbed condensation takes place :'m the reser-
volr until the natural relation of saturated
steam in contact with its water again prevails.

1T'he total energy of the mass is now slightly
increased as well as the volume of water, and
the volume of steam is correspondingly de-
creased. It may be here remarked that the
combination of reservoir,pump,and generator
is of the nature of a cylinder havm o a piston
loaded to maintain a constant pressure in the

cylinder, the reservoir representing the cylin-

der in -which a constant pressure is to be
maintained, the pressurein the generator rep-
1*esentmfrthe load,and the p1st011s of the pump
representing the loaded piston.
the pistons of the pump being
to work against a certain maximum head and
that head being the difference which it is de-
sired to maintain between the pressures of
the generator and reservoir, any tendency to
a reduction of such head by a lowering of the

| generator-pressure or by raising of the reser-
voir-pressure is instantly counteracted by the
action of the pump in transferring enough

energy from the lower pressure of the reser-
voir to the higher pressure of the generator
to maintain the desired difference between
them. With this explanation it will be un-
derstood that a part of the surplus energy in
the reservoir will in this phase of the cycle
actuate the pump instead of increasing the
pressure within the reservoir. In the actu-

ation of the pump the steam- cylinder thereof

1s exhausted through the engine exhaust-pipe
and coiltothe in Jeetor whﬂe the surplusmass,

whether in the form of water or steam,or both,

18 forced back into the generator, (,m*rymfr
with it the surplus energy, and theroby Com-
pleting the cycle and maintaining the equi-
librium of the apparatus.

It will be seen from the foregoing descrip-
tion that my method provides for %uch a Con -
stant circulation of the working fluid through
the entire system as will mmntmu constant &l
predetermined difference beginning and end-
ing the cycle with the ﬂener‘ator and making
ﬂood at the furnace- me such energy as Shdﬂ
hm’e been converted to external work or oth-
erwise extracted from the syatom durmﬂ' the
cycle.

The lower the temperature of the eﬂnust—

| steam when brought into contact in the in-
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jector with the live steam the less the efficiency
of the injector. Hence before delivering the

steam to the injector I raise its temperature. -

I provide for this in the apparatus shown by
forming the exhaust-steam pipe into a large
coil located within the reservoir. In passing
through this coil the exhaust-steam 1s raised
to the temperature of the reservoir, or the
temperature of the exhaust-steam may be 1n-
creased in some other way—as, for instance,
in a heater located in the furnace or flue of
the generator. This heater for the exhaust-
steam may cither revivify or superheat the
same, dependent upon the amount of satura-
tion and the temperature of the heater.
Therefore in the sense in which 1 use the
word ‘““heater” I intend to cover superheat-
ing as well as heating. The efficiency of the

| m;eetor may also be increased by superheat-

ingthe injeetion-steam,t11erebyincreasingthe
efficiency of the injector to the extent of the
superheat without increasing the weight of
steam used. The weight Of high - pressure
steam for injection Should tmnsfer to the
reservoir only sufficient energy to make good

the heat units converted into work by the

engine and by the pump, returned to the gen-
erator by the pump, and lost by radiation, &ec.
Condensation in the reservoir will then con-
stantly equal the weight of steam passing

from the generator to the reservoir and will

- be ag constantly returned to the generator.

With a greater weight of steam used for 1n-

- jection the condensation will be incomplete
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and some steam will require to be pumped
thence to the generator.

“"Where excessive fluctuations of load and
speed are to be provided for, I may connect a
number of .small injectors to a common ex-
haust-chamber and automatically increase or

diminish the number of jets in use, as re-

quired.

It is not essential that all of the energy
shall be conserved by my method,which isval-
uable in proportion as the energy conserved
thereby exceeds that expended thereon.

As stated at the outset of this description,
the apparatus herein shown and described
has been chosen for convenience of disclosing
myimproved method, which may beemployed

by the use of apparatus of a great variety of
forms.

As herein sugested also, the method
itself may be varied without losing its essen-
tial and movel character. Thus instead of
operating the steam-cylinder 14 of the pump
by steam taken from the reservoir through
the pipe 16 1 may take the steam required
directly from the generator instead of from
the reservoir. The arrangement of a pipe
for this purpose is too obvmus to require

- illustration. I would thereforehave it under-

‘stood that I do not limit myself to the steps

and apparatus herein set forth, but hold my-
self at liberty to make such departures there-
from as fairly fall within the spirit :—.«md scope
of my invention.

- Having fully described my invention, what

v36,5'78

I claim as new, and desire to secure by Lettors

Patent, is—
1. Amethod of operating a steam-power sys-

tem which consists in generating live steam,

conducting a portion of the said live steam to

70

an inclosed space, operating a motor by the

pressure of the steam therein, injecting the

exhaust from the motor to the inciosed space

by means of the live steam, returning a por-

tion of the mixed live and exh’a,ust steam and
water of condensation of the inclosed space
to the live-steam generator and maintaining
a predetermined difference of pressure be-
tween the live steam in the gemerator and
the mixture of live and exh.;m%t steam in the
inclosed space. |

2. Amethod of oper atmgasteam -power sys-

tem which consists in generating live steam,

conducting it to an inclosed space, 0perating

75

3o

a motor by the pressure of steam in the said .

inclosed space, injecting the exhaust from the

motor into the inclosed space by means of the
kinetic energy of the live steam and utilizing
the fluid-pressure of the system to circulate
from the inclosed space to the live-steam gen-
erator such portion of the mixed live steam,
exhaust-steam and water of condensation of
the inclosed space as will maintain constant
a predetermined difference between the pres-
sure in the live-steam generator and in the

9¢

inclosed space, and medetel mining that dif- -

ference at a point which permits of deliver-
ing the live steam from the generator, forin-
Jectlon into the inclosed space at the maxi-
mum Veloelty at which live steam can be made
to flow against pressure. |

3. A method of operating a steam-power sys-
tem consisting in generating live steam, con-
ducting a portion of it to an inclosed space,
oper dtmo* a motor by the pressure of the steam
in the %ald inclosed space, heating the exhaust
from the motor, injecting the heated exhaust
from the motor into the inclosed space by

means of the kinetic energy of the live steam
‘and utilizing the fluid-pressure of the system

to circulate from the inclosed space to the
live-steam generator such portionof the mixed

live and exhaust steam and water of conden-
sation of the inclosed space as will maintain

constant a predetermined difference between
the pressure in the live-steam generator and
in the inclosed space, and prede‘relmmmﬂ'
that difference at a point which permits of
delivering the live steam from the generator,
for 1]1,]@0131011 into the inclosed space at the
maximum velocity at which live steam can
be made to flow against pressure.

4. A method of operating a steam-power sys-
tem which consists in generating and super-
heating live steai, conduetmﬂ the super-
heated lwe steam to an mdosed space, oper-

YO~
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ating a motor by pressure of the steam in the

&1d inclosed space, injecting the exhaust

from the motor to the inclosed space by means
of the kinetic energy of the live steam and
‘utilizing the fluid-pressure of the system to

tr &1lsfer from the inclosed space to the live-
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steam generator such portion of the mixed |

live and exhaust steam and water of conden-
sation of the inclosed space as will maintain
constant a predetermined difference hetween
the pressure in the live-steam generator and
1in the inclosed space, and predetermmmn
that difference at a point which permits of
delivering the live steam from the generator,

"L
s

for injection, into the inclosed space at the
maximum veloeity at which live steam can 10
be made to flow against pressure.

PIIILIPPE LYONS CLARK

\Vltnesses

A. MILLWARD FLACK,
G. V. SYMES.
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