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SPEOIFICATION ferrmng- pa,rt of Letters Patent No. 689,623, da,ted. December 24, 1901

Application filled Angust 21, 1900. Serial No. 27,560+

(Nc models)

To all whem it may concern.: |
Be it known that I, ADOLF SCHARFFE, civil

engineer, a subject of the German Empere: |

1e81dmﬂ' ab Tientsin, in Lhe Chinese Empire,
have mvented a cettam new and useful Im-
provement in Vapor-Generators, of whlch the
following is a specification.

This mveutlon relates to the generation of

motive flnids, such as steam and gases; and

1t consists in the hereinafter-deseribed im-

provements in apparatus for generating and
using the same.

It is well known that the usual apparatus

for generating the motive power for driving
machinery are-a source of dangerinall works,
as the total power to be distributed to the
several engines and apparatus is stored in a
Itisimmaterial
whethersteam or gas pressureis used,whether
the plant is large or small, or confined to a
single motor. Kven electricity is not except-
ed, if generated by means of steam. The
larger the generator is the greateris the dan-
ger of explosion; but even in the smallest
generator of motive power there is always
stored such an-excess of energy that in case
of an explosion the health and life of the at-

tendants are endangered.

-"The object of this 1nvention 18 ¢hiefly te re-
move this danger, which is eff

pletely avmduw‘ the use of stations or appa-
ratus 1in whlch a storage of motive power
takes place--as, for instanee,- in steam-boil-

ers—and by generating the required motive
agent for driving the engine or the like by

means of the same in such small quantities

only as are required for producing the power
duringaunitof time—forinstanee, one stroke

of the steam-engine piston. This is done by
employing two d1 ‘erent media, one of which,

hereinafter called ““heating 11qu1d ”? peseeses
a higher boiling-point tha,n the other, here-
inafter called ‘“ working medium,” and heat-

ing the heating liquid in open or closed ves-

sels to near 1ts boiling-point, but in any case

above the boiling-point of the working me-

dium,conducting the heatingliquid and work-
ing medium separately to the motor or en-
gine, and mixing the two substances only just

before or even in the engine in such small

quantities that the steam or gas developed

from the working medium possesses the re-

ected by com-

, emtore dif

{ said media into the cylinder.

| quired pressuve for performing the desired

amount of work, but that no storage of en-

ergy capable of causing danger takes place 55

in the mixing-chamber for tne heating ﬂmd
and working medium. 'The heating hquld

thereby reduced in temperature, is then re.

turned to the heating vessel in order to be

used- over again, whlle the exhaust from the 6o

motor is condensed, and the werkmfr medium

regained in this wayis employed again in the

manner above described. The heatmﬂ'hquld
may be a liquid at ordinary temperatures be-

fore 1t is heated or may be produced for use 65

bymelting solid substances. Whethera work-
ing medium 18 added to the heating liqunid in .
the form of a liguid of lower boiling-point or
of a gas or a gas absorbed in aliquid isimma-

teual as faras this invention is concerned, as 70

a preferably slightly-compressed gas on be-
ing mixed with the ‘heating hqmd obtains a
higher pressure and can be used similarly to
steam. Hven salts evaporating readily with-

out leaving a lemdue could be used as a work- 7s

ing medlum “For* the sake ef convenience

| -the evaporated working medlu mishereinafter
called “steam,” but may be a gas, as stated.

- Themixing of the heating 11(1111d and work-

ing medium for producing the steam can be 8o

effected, as stated above, in a separate vessel
or in the engine-cylinder itself or in the pip-
ing leading to the engine. Corresponding
with these dlfferent arlaneements of the gen-

ing out the process are represented on the

drawings appended hereunto, which are sue-

cessively described hereinafter. | -
Referring to the drawings which accom-

pany the speelﬁeatlon to aid the description, go

Figure 1 is a diagrammatic representation in
section and elemtleﬂ of an installation con-

taining the invention and illustrating gener-

~ally the course of the heating and the working-
Fig. 21s a lonﬂ‘ibudmel sectional sec- 95

media.
tion and elevation of an 1nstallation where-
in the heating and the working media are
brought together in the engine-cylinder.

Fig. 3 is a 1onfr1tudlrml vertical section and
elevatlon of an 1nstallat10n wherein pumpsfor 100

bringing the heating and the working media
into the engine-eylinder aATe dispensed with,
the movement of the engine-piston drawing
- Hig. 418 a ver-

‘erent typesof apparatus for carry- 85
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to the mixing device.
details of an anmwement of feed valves for

2

tical section of an engine cylinder, piston,
valves, and connected chambers arranged
for the distribution of the media to each end
of the said c¢ylinder. Fig. 5 is a longitudinal
vertical section and elevation of an installa-
tion wherein the invention 1s applied to a
compound engine. Ifig. 6 is a vertical sec-
tional detail of a device for effecting an in-
timate admixture of the two media before
they pass into the engine-cylinder. Fig. 7
is a vertical section of another device for
effecting an intimate admixture of the media,
combined with an automatic device for con-
trolling the pump which delivers the media
Figs. §, 9, and 10 are

controlling the dehvely of the heating me-
dium.

Fig. 1 shows an almnn'ement in which the
heatmﬂ' liguid and w 01kmﬂ' medium are
bron n‘ht together outside t,he engine. The
heatmﬂ' llqmd is drawn from the heater 1,
provided with a stand or safety pipe 2, by the
pump 4 through the pipe 3 and forced into
the pipe 6. Intothe same pipe 5 the working
medium to be evaporated or gasified is forced
by the pump 6 through the pipe 7, so that an
intimate mixing of heating liquid and work-
ing medinm takes place in the pipe 5, which
is prefelably colled or serpentine.

As the heating liquid, as explained above,
possesses a mueh higher boiling-point than
the working medium “and so high a tempera-
ture that on mixing the two substances the
working medium is evaporated or gasified,
there will be in the pipe 5 a mixture of the
heating liquid reduced in temperature and of
the steam or gas under pressure produced
from the working medium. This mixture is
conducted to the separator 8, preferably after
passing through a pressure-regulator9. This
regulatorin the example represented consists
of a casing surrounding the closed chamber

10, the bottom of which is formed by a metn-

brane 11. The chamber 10 incloses a certain
quantity of the working medium, to be deter-
mined by experiment. As the temperature
in the chamber 10 increases with thetempera-
ture of the surrounding mixtare of heating
liquid and steam the pressure upon the mems-
brane 11 will be altered correspondingly.
The membrane 11 is connected by a rod 12
toa membrane 13 in the top cover of the sepa-
rator 8, and a beam-lever 14 is connected to
the rod 12, The motion of the outer end of
the lever 1s transferred by the rod 15 to a
valve or its equivalent, regulating the pump
In such a manner that when the pressure in
the separator 8 falls the pump 6 will forward
working medium, but will stop when the pres-
sure 1n the chamber 10 and separator 8 are
equal. This stopping and starting mechan-
1Ism may be arranged in any suitable known
manner used for this purpose.

The heating liquid, with the steam, flows
from the pressure-regulator 9 into the sepa-

rator S, in which the separation of the steam |

]

- and to return it to heater.

689,625

and the heating liquid is effected. For this
purpose obstacles, such as the partition-
plate 16, are placed in the way of the pas-
sage of the steam by which in the known man-
ner the separation of the gaseous and liquid
substances is effected. The heating liquid
settling to the bottom of the separator is
drawn off by the continually-working pump
27 through the pipe 25 and forced through
the pipe 27 into the collector 28, whence it;
passes through the pipe 29 again to the heater
1. In the separator 8 preferably a float 17
is arranged, which is attached to the lever 19
and acts upon the outlet-valve 20, and thus

regulates the level of the heating liquid eol-

lected in the sepamtm in such a way that
when the float 1s raised by the liquid and lifts
the valve 20 the liquid is forced by the pres-
sure of the steam outof the separator into the
collector 28 and thence into the heater 1.
Obviouslythe utilized heating liguid could be
forwarded to the collector 28 or heater 1 by
the valve20 only,oronly by the pump 27, or by
any other suitable means. The steam under
pressure flows through the pipe 21 to the en-
gine 26 and the exhaust-steam through the

pipe22intoacondenser 23 of anysuitable con-
struction. It is there.condensed and drawn

through the pipe 24 by the pump 6, which
forces 1t again into the mixing-pipe 5, where
1t1sagain mixed with heatingliguid and evap-
orated and passes again through the same cy-
cle of actions. The heating liquid performs
a similar cycle as the working medium, in
which provision is made to separate from the
exhausted steam any heating liquid that may
be carried over notwithstanding the arrange-
ment of the separator hereinbefore described
This i1 effected
by the collector 28, preferably formed as a
separator, as shown, with partitions alter-
nately open at the top and bottom, into which
the heating liquid passes whenit accumulates
In excess in the separator 8 and the float 17
opens the valve20. Thepressureofthesteam
existing in the separator 8 then presses the
excess of heating liquid through pipe 30 into
the collector 28 till the sinking float closes the
valve 20 and transfers the duty of returning
the heating fluid to the collector execlusively
to the pump 27; but as the steam may carry
over particles of the heating medium which

. then pass on with the exhaust the exhaust-

pipe 22 1s connected by the pipe 31 with the
collector, so that such particles of heating liq-
uid likewise flow into the collector 28 and are
returned to the heater 1, while the exhaust
travels on to the condenser 23. Preferably a
non-return valve is inserted into the pipe 22
in front of the condenser 23, so that the ex-
haust-steam cannot return from the con-
denser, while if the pipe 31 is made wide

~enough any exhaust collecting in the separa-

tor can pass likewise into the condenser not-
withstanding the lignid flowing down the wall
of the pipe.

The pipes and various receptacles are
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j;ﬂaeed as shown on F:‘ig. 1 only for the sake

of clearness, while in practice they would be
partly behind each other and not visible.

In the arrangement represented by Fig. 2
the heating liquid and working agent are
brought together in the engine-cylinder, so
that the motive power isonly generated with-
in the same. From the heater 1, provided
with the stand-pipe 2, the liquid, as in the ar-

rangement hereinbefore described, is drawn
‘through the pipe 5 by the pump 4 and pressed -
| throun'h the pipe 5, with branch pipe 5', into

the valve chambers arranged at the upper and
lower-ends of the engine 26 At thesame time
the working medinm is drawn thr ough the

pipe 24 from the condenser 23 by the pump 6

and forced through the pipe 7, with branch
pipe 7', into the same chambers of the engine

arranged, as an instance, as a wall-engine.

The evaporation of the working medium com-

‘mences in these chambers, and the valves

32 35, operated by suitable gear, admit the
mixture, according to the position of the
piston above or below the same, while the ex-
haust, with the heating liquid, passes through

the valves 33 36 and the pipe 22, with braneh

22', to the collector and separatm -The
heatin-g liguid collected at the bottom of
the latter flows back through the pipe 29
to the heater 1, while the exhaust passes

> through the pipe 40 to the condenser 23 in

35

40

5O

55

- When the piston has attained its lowest po--
sition, the valves 35 and 36 are opened, the

6o

34,

order to be condensed and again supplied
to the engine 26 by the pump 6. The valve-
gear for actuating the valves 32, 35, 33,
and 36 may be of any known suitable con-
struction. In the example represented the
valves 32 and 33 are connected to the frame
of rods 31, which by the eccentrie-rod 38 are
connected to an eccentric on the erank-shaft
of the engine. Inthesamemannerthe valves
36 and 36 are connected to the frame of rods
which by the eccentrie-rod 59 is connected
to an eccentric on the crank-shaft. The ec-
centrics actuating the inlet and outlet valves

are arranged in the known manner, so that

the 1nlet-va1ve 32 and the outlet- valve 33, for
instance, are open, while the valves 35 and 90
remain closed. The mixture of heating liq-
uid and steam under pressure will then enter

the hollow eylinder-cover 26, provided with a

hollow trunk entering the hollow piston, and
drives the piston downward, which expels the
mixture of heating liquid and steam in front

of it through the open exhaust-valve 33 into

the pipe 22 and thence into the separator.

mixture of heating liguid and steam passes
under the piston, and it moves upward, while
the exhaust and used heating liquid escape

through the valve 36, and thence pass through

pipes 22" and 22 to the separator. The two

pamps 4 and 6 are shown actuated.in the
known manner from the

engine-shaft.
avoid losses of working medium, the stuifing-

To

' through the bifurcated pipe 24 and 24" and

| valve 33,

ranged, as shown by Fig. 9, SO that they are
always covered by heating liquid.

- The arrangement represented by Fig. 3 in-

general is the same as that herein last de-
scribed, but shows an example in which the
heating and working mediunt are brought to-
cgetherin the engine-cylinder, but without the
use of a pump for the heating liquid. The
engine being the same as that shown by Fig.
2,1t is only shown in outline on Fig. 3. The
heating liquid in this arrangement is drawn
dlrectly by the engine-piston through the bi-
furcated pipe 3, while the pump 6 6 draws
the working medium from the condenser 23

forwards it through the delivery-pipes 7 7' to
both ends of the eylmder so that the mixing
of the heating and the working medinam takes

place as in the arrangement described with

reference to Fig. 2. In the arrangement ac-
cording to Fig. 3 it is only necessary to gov-
ern the exhausb—valves 33 and 36, while the
inlet-valves 32 and 35 act as automamc SUC-
tion-valves.
by its sucking action the inlet-valve 82 and

draws in heating liquid. Hollowing quickly

upon this the pump 6 forwards working me-
dium through the pipe 7 to the engine-cyl-
inder, and the evaporation of the working

medium drives the piston farther down.

During the downstroke of course the outlet-

so that the mixtuare of Workmﬂ' medium
and heating liquid below the plston is for-

As the piston descends it opens

governed by the rod 31, is open,

7°

75

80

Q0

95

100

warded through the pipe 22 into the sepa-

rator, from Whl@h the heating liquid is re-

turned through pipe 29 to the heatel 1, while

the exhaust passes through the pipe 40 into
the condenser 23, and is drawn from it again
by the pumps 6 6.
mains closed during this operation in conse-
quence of the pressure of the mixture under-
neath the piston. The valve 36 likewise re-
mains closed, as the valve-rod 34 is not actu-

The inlet-valve 35 re- -

105

I1IO

ated until the piston has reached its lowest

position, when the valves 33 and 36 are re-
versed by the action of the valve-gear and the
valves 32 and 35 by the upward movement of
the piston. The piston then draws through
the raised valve 35 fresh heating ligquid into
the cylinder, and the pump-cylinder 6 deliv-
ers a little later working medium, 8o that the
process just described with reference to the
downstroke is repeated for the upstroke, the
valve 32 being closed and the previously-used
mixture of working medium and heating liq-
nid being forced through the opened valve 36
and branch 22’ into the pipe 22.

Fig. 4 shows an engine with a modlﬁed ar-

IIIS-

120

I25

mnﬂ'ement for the distribution of heating lig-

uid and working mediam to each end of the

cylinder, which may be applied with the ar-
This dis-

rangement represented by Iig. 2.
tribution is effected by a piston-valve or-an
equivalent flat slide-valve. The valve 62 con-

boxes for the valve-rods are preferably ar- | tams f01 each eylmdel end a chamber (63and

130
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63') provided with an escape-valve. In the
position shown on Fig. 4 the eylinder-piston
64 moves downward. The valve 62 lags be-
hind the piston 64 by the width of the inlet-
port, so that when the piston has reached its
lowest position the vaive just begins to open
the lower inlet-port. In the position shown
by Kig. 4 the mixing-chamber 63 of the valve

62 is fully opened, so that the mixture of heat- |

Iing liquid and working medium can passinto
the engine-cylinder above the piston, while
the lower mixing-chamber 63" isin open com-
munication with the port 65 and is filled
through the pipe 43 with a mixture of heat-
ing liquid and working medium. While the
piston is propelled downward by the steam
developed from the mixture, the piston-valve

62 llkevﬂse moves downward, the chamber 63
cuts off the supply of mmture to the cylinder,

and while the upperend of the port 65 opens to
the emptied chamber 63 the lower end of the
port 65 i3 closed by the filled chamber 63'.

In the lowest position of the piston G4 the

valve 62 has moved so far downward that

the mixture then enters into the cylinder be-
low the piston 64 from the chamber 63'.. In
the lowest position of the piston 64 the

outlet-valve 36 is lifted and opened by the

valve-rod 34, which is actuated in any suit-
able way, while the previously-open lower
outlet-valve 33 is closed, the valve 36 remain-
ing open till the piston 64 reaches the end of
its upstroke. The exhaust and used heat-
ing liquid are during the upstroke of the pis-

ton expelled and passing through the open |

valve 36 enter the chamber 66, whence they
flow through the opening 67 into the commu-
nicating ports 63 and thence to the separator.
When the piston has again reached its high-
est position, the upper chamber 63 is opened,
the lower one 63’ closed, the valve 36 closed,
valve 33 opened, and the used power mixture
under the piston 61 passes as the piston de-
scends into the lower chamber 66’ and thence
to the ports 6S and to the pipe 22.

When using the motors shown as examples
by Figs.2 to 4, ,compression in the engine-cyl-

~inder must be omitted in order not to obtain

50

6o

liguid - hammer blows. The motors repre-
sented by Figs. 2 to 4 and 6 to 10 contain a
source of loss of heat by exhausting the steam
or gas used In theeylinder,together with the
heating liquid, in consequence of which the
Iatter again uselessly heats the exhaust with-
out producing any power thereby. It is
thereiore preferable not to completely utilize
the steam or its equivalent, and work en-
gines arranged according to I'igs. 2 to 4 and
0 to 10 as high-pressure engines only or with
little expansion, then conducting the heating
liquid and steam into a receiver orseparator
and separating therein the liquid from the
steam, and then utilizing the steam fully in
one or more steam-engine cylinders of ordi-
nary construction. This in its essence is a
combination of one of the engines, Figs. 2 to

to 4 and 6 to 10, with that shown by Fig. 1in |

[ -the mannerrepresented by Fig.5,forinstance.

The engine 26 in this arrangement is con-
structed as a compound engine, and the used
mixture of heating liquid and exhaust-steam
issuing through the valve 33 passes through
the pipe 22 into the separator 8, Ifig. 5.
Thence the pipe 61 after the valve 32 has
opened conducts the exhaust,still possessing
pressure,above the large plston of the com-
pound engine, whence after performing its
work it will pass through valve 30 and pipe
22" fo the condenser. |

In all the apparatus in which the working
steam 1s only generated in the engine it is
very important that the heating liquid and
working medium, notmthstandm# the short
way passed tthll”‘h by the mixture, should
be most mtlmately mixed. This may be ef-
fected by placing suitable obstacles in the in-
let-ports of the eylinder which the mixture of
heating liquid and working mediunm has to

pass before entering the cylinder. In some

cases, however, it is preferable to employ sep-
arate mixing-chambers in front of the steam-
ports. The mixing-chambersare refilled with
heating liquid and working medium directly
after they have emptied the fluid mixture
into the cylinder. Fig. 6 shows an arrange-
ment of this kind which can be applied to
the engine 26, Fig. 2, or used for the cham-
bers 63 63’ of the engine, Fig. 4. Assuming
the working medinm to have arrived with the
heating liquid at the mixing-chamber 42 and
to move the engine-piston upward in conse-
quence of the generation of steam after the
valve 35 is opened, heating liquid and work-
ing medium have flowed through the pipe 43
into the mixing-chamber 44 and have filled
1t, while the valve 32 remains closed, which is
rendered possible by the arrangement of an
air or safety valve 45. In this chamber 44
the mixer 40 is movable, consisting of a num-
ber of finely-perforated plates fixed to a com-
mon spindle, and is lifted while the heating
liquid and working medium flows into the
chamber, as shown by Fig. 6. During the
time the engine-piston makes 1its stroke the
mixer46 sinks down, and the mixture of fluids
passes through the fine perforations of the
plates, so that an intimate mixture of the
heating liquid and working medium, as well
as a better equalization of the temperature, is
effected. As the mixing-chamber 44 is en-
tirely closed, working steam cannot be gen-
erated, but is produced only when the piston
has completed its upstroke and the valves are
reversed. The evaporation of the working
medium will then take place almost 1nsta,n-
taneously, as the medium is heated above its
boiling-point, while steam could not be gen-
erated for wantof space, which isonlyformed
by the opening of the valve 82 and the move-
ment of the piston. The latter is thus pro-
pelled downward, and while the valve 35 is
closed the mixing-chamber42isfilled through
the pipe 41 with heating liquid and working
medium, the mixer 47 is lifted up, and the
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play just des2ribed withr eference to the cham- |

ber 44 will be repeated for the mixing-cham-
ber 42.

In the arrangement represented hy Fig. 6
for the intimate mixing of the heating hqmd
and working medium only one mlxmﬂ'-cham-
ber 42 or 44 is provided for each end of the
cylinder; but twoor more such chambers may
be arranwed foreach end of thecylinder, com-
ing into actlon sueeesswely so that one of the
mixing-chambers is filled and respectively

empt1ed for each stroke of the piston. By this.

multlphcatlon of the mixing-chambers the
time for exchanging the heat i1s prolonged in
each chamber and the complete utilization
of the working medium further assured. In-

- stead of these the apparatus shown by Fig. 7
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in longitudinal section may be used, which
at the same time is provided with a stop-mo-
tion for the pumps delivering the heating lig-
uld and working medium to the mixing ap-
paratus. Thepipe4l,delivering the mixture
of heating liquid and working medinm, opens
into the cylinder 48, which withits perforated
end protrudes into the mixing-chamber 49
and contains an easily-moving piston 50, to
the end of which a series of inclined perfo-
rated plates 51 are fixed, behind which a simi-
larly-perforated vertical plate 52 isarranged.

Against this plate presses a spring 53, abut-
ting against the end 54, from which the mix-
tare i1s conveyed to the upper and lower end
of the engine-cylinder. The heating liquid

forced by the pumps into the pipe 41 presses
the piston 50 back against the spring-pres-

sure, whereby the perforated plates 50 51 ef-
fect an intimate mixture of the working me-
dium and heating liquid in the mixing appa-
ratus. The piston 5018 pushed back till the
perforations of the cylinder 48 are uncovered,
when a quantity of roughly-mixed heating
liquid and working medium eomespondnw
with the stroke of the pumps enters the mix-
ing apparatus 49. 1If the level of the liquid
in the apparatusisraised thereby, itisequally
raised in the laterally-arranged vessel 55,
which is connected by a {lexible pipe 56 with
the lower part and by a flexible pipe 57 with
the upper part of the mixing apparatus. The
vessel 55 1s suspended at one end of a bal-
ance - lever 58, the other end of which is
welghted by a weight 60 and connected to the
rod 59, actuating the stopping apparatus of
the pumps. The vessel 55 thus forms an au-
tomatically-varying load on the lever 50, so
that it descends and lifts the stop-rod 59
when the pumpsdeliver moremixture of heat-
ing liquid and working medium to the mix-
ing apparatus than is consumed for feeding
the engine. The pumps are then stopped by
the rod 59, the level of liquid in the mixing
apparatus sinks in consequence of the con-
tinued consumption by the motor, the vessel
55 becomes lighter, and the weight 60 sinks

down and lifts the vessel 55 again, whereby
the stop-rod 59 is moved downward and the
pumps are restarted.

During the time in

61.

5

which the pumps do nof supply any liquid to
the mixing apparatus, and consequently also
at the change of stroke of the pumps, the pre-
viously-compressed spring 53 pushes the per-
forated plate 52 and the piston-rod and piston
50, with the perforated plates 51, to the lefft,

70

whereby a renewed mixing of the heating liq- -

nid and working fiuid is produced, the play
of the parts being repeated when the pumps
start again. DBy adjusting the weight 60 on
the lever 53 the supply by the pumps can
thus be densted to the consumption by the
engine.

Wlth all the examples of arrangements of
apparatus hereinbefore debcrlbed pumps
were used for delivering the heating liquid.
The employment of pumps, however, is not
necessary, for feed-cocks or, in combination
with suitable governing-gear, feed-chambers

‘may be used for this purpose.

Fig. § represents a single-acting motor op-
erated by means of a feed-cock. The plug
61 of the cock isrotated by means of the spur-
wheels 62 and 63 (indicated by dotted lines)
fromtheenginecrank-shaft 64. The piston 65
is shown in ltS highest position on Kig. 8, and
immediately afte rwm‘d the coclk opens th'e ex-
haust from the eylinder through the port 67.
The piston 65 then moves downward, while
heating liquid flows into the hollow plug 61
through the port 68 and pipe 3 from the heater
1, Figs. 1, 2, and 3.
The steam present in the interior of the plug

61 escapes through the port 69, IFigs. 9 and 10, -
into the pipe 22 and the condenser 23, Fig. 1.

The heating liquid cannot entirely {ill the
plug, but will do so only to the lower edge of
the slit-shaped port 69. The turning of the
plug meanwhile having so far progressed that

‘the inlet-port 68 for the heating liquid is cut

off and the port (9 closed, the pump 6 for
the working medium injects through the pipe
80 and port 68 working medium into the plug
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As the piston moves farther down and
‘reaches its lowest posil:ion the outlet-openking T
67 of the tarning plug is closed, and imme-"

diately after the port 70 from the plag to the -

cylinder is opened, so that the mixture of

‘heating liquid and working medium can pass

through the passage 71, ar mn*red in the plug,
into the cylinder below the mbtan only steam
remaining in the plug. The piston 1s now
pushed upward by the steam generated from
the working
the end of its upstroke the rotation of the
plug has closed the port 70 and the play of
the parts described is repeated. The feed-
cockintheexampleshown hasonlyone cham-
ber; but two or more such chambers may be

g

I20

medium,and when it has reached

1245

arranged acting successively by means of a

smta,ble dtlanwement of the ports and the
relative speed of otation. Obviously theen-

agine could also be made double-acting by ar-

ranging cocks acting in opposite ways at the
top and bottom end of the cylinder.
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When the motor is a steam-turbine, the

| heating liquid and working medium are sim-
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ply pumped into the pipe leading to the noz-
zle. The generated steamm may be used by
1tself or mixed with the heating liquid. The
arrangements for this purpose are obvious
from the previous descriptious and drawings.

Itisadvantageous tosurround thedelivery-
pipes; as well as the engine-cylinder,with the
heating liquid in order to obtain a supple-
mentary heating of the mixture of heating
liquid and working medium, which naturally
has a lower temperature than the unmixed
heating liquid. This i3 done by providing
the pipes and vessels containing the mixture
with jackets through whieh the heating liquid
circulates. |

T'he speed of the motor is regulated in all
the arrangements hereinbefore deseribed by
varying the quantity of the working medium
or of the working medium and the heating
liguid supplied to the motor or in any other
suitable way. Naturally the use of the

novel method is not confined to the examples

hereinbefore described, butit may beadapted

to any other motors or power-engines driven

directly by steam or gas under pressure.

In describing the novel method and its ap-
plication the source of power has hereinbe-
fore been designated by the general term of
“working medium,” because the latter may be
a liguid or a gas or even a salt evaporating
without residue. When compressed or lig-
uefied gases are used as working medium,
they are condensed by a special pump after
passing through the condenser or the heater
and condenser, or the latter only are ar-
ranged to be under the pressure of the com-
pressed or liguefied gas. The compression
of the gas naturally is only small, as the
working pressure of the same is only pro-
duced at or in the motor by mixing the com-
pressed gas with the heating liquids. The
object of the compression is only to obtain a
larger effect with small quantities of the
working medium, for in the engine only the
difference in the pressures of the cold and

heated gas is utilized.

The special result of the novel method con-
sists in the removal of all danger of explo-
sion, and while in practice hitherto an ex-
cessively high pressure of steam had to be

avoided chiefly in conscquence of the inseo-
curity of the dangerous boilers this danger
is entirely obviated by the use of the new
process. The heater 1 can have any size, as
there 1s no pressure in it likely to become

dangerous, while the parts in which pressure

1s produced can be made of so small a diame-
ter that they are perfectly safe against explo-
sion under the highest pressure. If, never-
theless, an explosion should oc¢cur through
insufficient strength of the walls, it can act
destructively only to a very small degree, as
only small quantities of steam are present.

Having now particularly described and as-
certained the nature of my saidinvention and
in what manner the same is to be-performed,
I declare that what I c¢laim, and desire to se-
cure by Letters Patent of the United States,
15— '

1. 'T'he combination in apparatus for gen-
eratingsteam fordriving motors withont high-
pressure boilers, of pumps for feeding a heat-
ing and a working liquid, a heater for heat-
1ng the heatingliquid, devices for regulating
sald pumps, and membranes for operating
said devices, one membrane being actuated
by the varying pressure of the working liguid
as 1ts temperature varies, and the other mem-
brane being actuated by the varying pres-
suare of the mixed liguids, substantially as de-
scribed.

2. In apparatus for generating steam for
driving motors without high-pressure boilers,
the combination with a heater and motor, of
valves at the motor equipped with chambers
for the liquids, and escape and safety valves
at sald chambers, substantially as deseribed.

3. In apparatus for generating steam for
driving motors without high-pressure boilers,
the combination of a heater for heating the
heating liguid, means for mixing the work-
ing liquid with the heating liquid, a motor
and means for feeding the mixed liquids into
the motor, substantially as deseribed.

In witness whereof I have hereunto set my gr

hand in presence of two witnesses.
ADOLEF SCHARII'E.
Witnesses: |
HENRY IIASPER,
V. RUTZKE.
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