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T'o all whom it may concern:

Be it known that I, Karr, EpMUND SCHRE-
BER, a cltizen of the Empire of Germany, re-
siding at Greifswald, Germany, in the Prov-
Ince of Pomerania and Kingdom of Prussia,
have invented certain new and useful Im-
provements in Processes of Working Explo-
the following 1is. a

My invention _i’ela,tes to a process or
method of operating explosive engines, and

cooling the medium under compression by
the piston, in order to maintain this medium
below the ignition point of the explosive mix-
ture, which method will give a higher effi-
ciency of work than other known metho ds of

‘which I am aware.

The general object sbught by my invention

has been, to a certain degree, attained by en-

gineers, but so far as I am aware, the meth-
ods heretofore followed have involved the
mixing of the cooling agent with the explo-
sive mixture before or at the time the same is
Introduced into the cylinder or to inject the
cooling agent alone into the cylinder, in both

 cases no special reference being paid to the

30

30

40

45

00

89

evaporatien 1s injected or s

degree of heat of the medium under com-
pression at the time of the introduction of
sald agent, or to the degree of increase of
temperature of said medium under the con-
tinued compression of the same.

In contradistinction to these known meth-
ods, my method comprehends the gradual in-
troduction of the cooliing agents directly into

the cylinder, said introduction commencing

only atter the medium under compression
has attained a predetermined temperature.

~ By the present invention the internal cool-

mg is effected with the employment of the
least possible quantity of cooling medium, so
that the compression can be carried past the
himit hitherto attainable. For this object a
hquid requiring a suitable amount of heat for

nterior of the working cylinder in such a way
that the injection begins after the inflam-
mable mixture, or rather the air not yet

mixed with inflammable material, has been

heated up to the evaporating temperature of

the injected liquid corresponding to the ex-
isting pressure. From this point onwards

the mflection must take place so gradually
that the heat produced by the compressing

work done ‘during. a known part of the in-
‘crease in pressure shall just suffice to.evapo-

rayed into the

| rate the cOoling liquid injected during the

same time. Care must also be taken to ef-
fect a sufficient distribution of the injected
liquid through the whole interior of the cyl-
inder. Inlarge engines it may be necessary
to divide up the inlet passage into several
parts i order to effect this object, and in
this way the greatest possible amount of the
mixture, or rather air, to be compressed may

be cooled by the liquid.

The liquid employed for the internal cool-
Ing must possess a suitable heat of evapora-

tion; water must also be taken primarily into

consideration. Butif liquidinflammable ma-
terial or fuel is employed in the explosion en-
gine the heat of evaporation of this material
may under certain circumstances be suffi-
cient. - If that is not the case, the heat of
evaporation may be raised up to the proper
value by the admixture of water with the
iquid fuel, supposing such mixture to be
possible. If such mixture is not possible and
at the same time the evaporating heat of the
liquid fuel is insufficient to produce the cool-
mg, then water must also be injected in ad-
dition to the fuel. Whether or not the two
iquids can be injected simultaneously, or
one after another, and in the latter case in
what order they may be injected, depends
upon the nature of the fuel or inflammable
liquid; but in any case the order of succession
can always be so arranged that the heat ex-

isting in the.gas within the cylinder owing to

the work done in compression will suffice to
evaporate the imflammable liquid so thatsepa-

rate evaporating apparatus will be rendered

unnecessary. ,

In order to better explain how this inven-
tion may be apfplied i practice it will be de-
scribed with reference to a spirit motor work-
ing upon this principle. This motor is illus-
trated 1 the accompanying drawings .in

which :—

- Figure 1 illustrates the whole arrangement

of the motor, and Fig. 2 shows a part of the

- cyhinder head in section.

In spirit motors, as also'in all mdtors'upon
this principle and working with liquid in-

flammable material, pure atmospheric air is

drawn in during the indrawing stroke, and on
this account these motors can be readily con-
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structed as two-stroke cycle motors. In the

form of spirit motor shown the back of the
piston a will serve for the drawing in of air,

the  crank casing b being made air tight.
During the compression stroke of the piston
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air will be drawn into the crank casing
through a self acting valve ¢, and will be
slightly compressed in this casing during the
expansion stroke. Supposing t%

ton 1s approaching the end of an expansion

stroke, 1t will uncover and open the exhaust
slots d formed 1n the cylinder casing, and the

%ases of combustion will escape into the ex-
aust ways. - As soon as the pressure in the

cylinder w has fallen sufficiently the self-act-

ing air inlet valve e arranged in the cylinder

head opens, and the air under slight pressure

streams from the crank casing through the
pipe f into the cylinder w from which it ex-
pels before i1t the remainder.of the gases of

combustion. The guiding part of the main

piston must of course be of such a length
that it always keeps the exhaust slots d
closed to the side of the crank casing. When
the piston again advances in the direction of
compression it closes the exhaust slots and
then the compression of the air contained in
the cylinder commences. As soon as the
temperature of this air is sufficiently raised
by the work of compression the injection of
the spirit is begun, more or less of the amount
of spirit required for the cooling being sup-

plied by water according to the excess of.air,

with which the explosive mixture is to be
made. The injection can be so adjusted by
suitable regulating devices that the tempera-

ture in the cylinder obeys a suitable prede- |

termined law. For example, if the tempera-
ture is to remain constant during the injec-
tion, the injected mixture must obey the
law :— | |

V. n. *=const.

Where v is the volume existing at the mo-
ment m front of the piston, n is the number
of molecules contained in this volume, and A
1s & constant depending upon the heat of
evaporation of tﬁe mjected hquid and the
predetermined temperature. It will be ad-
vantageous to allow the temperature to rise
slowly so- that it always remains somewhat
higher than the boiling temperature of the
mjected liquid corresponding to the existing
pressure. lf the speed of the injection.is so
measured that in normal working the neces-

- sary amount of the inflammable liquid is al-
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ready injected somewhat before ‘the end of
the stroke, it is possible for the working of

the motor to be regulated by adjustment of

the feed in exactly the same way as in steam

engines.. The compression following after

the termination of the injection cannot then
raise the temperature up to the self-ignition
point. - |

The injection of the spirit through the
pipe 2 is effected by means of a pump ¢, the
plunger A of which is operated from the
valve-gear shaft ¢+ by means of a lever ar-

rangement k for example, in which the size |

65 of the eccentric [ must be fixed according to

at the pis-

898,512

[ the predetermined law for the temperature

in the cylinder. It will be evident alsc that

the movement of the lever £ might be pro-

duced by its end being operated by a cam
turning on a shaft. By the stroke of the
plunger ~ in one direction the spirit 1s dis-
charged into the working cylinder, while in
the return stroke more spirit is sucked up
from the storage tank n through the pipe o.
The pump must always be filled with spirit,
without any air bubbles, in order that the
law and the quantity of the spirit to be 1n-
jected may not be disturbed owing to the
compressibility of said air bubbles. For
this purpose a small air outlet cock m 1s
placed on the pump, which cock will be
opened during the filling of the pump, but
will be closed during the feeding of the hquid
by said pump. | |

By placing the pressure valve of the
spirit feeding system in the head of the

cylinder, the pump can be guarded from the

high pressure produced by the explosion.
One method of producing this arrangement
is as follows. The passage u leading into
the cylinder, and by which the spirit will
be injected, has a conical enlargement in

which a conical valve head ¢ Fig. 2 fits in
order to close the passage u, the valve being

pressed upon its seat by a spring r. The

| spring. must be strong enough to resist the
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pressure upon the tube area during the ex-

plosion. A small piston ¢ 1s mounted upon
the narrow stem s of the valve and works
fluid tightly in the same chamber as the
valve head. The excess of the pressure sur-
face of the piston ¢ over that of the valve
head 1s so adjusted that the liquid forced by
the pump 1s enabled by its pressure acting
on the said piston to overcome the force of
the spring and to lift the valve from 1ts seat.
The space between the piston ¢ and the
opening leading to the cylinder must al-
ways be filled with spirit. An air outlet
cock » must also be provided for use in the
first filling as was the case in the pressure
pump ¢g. If the passage u Jeading into the
cylinder 1s closed sufficiently tightly by its
valve head, the space remains filled with
spirit which.can not burn because no oxygen
can obtain access to 1t; in large motors
several openings of this kind would have to

be provided leading into the cylinder. The
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cylinder w, and especially the cylinder head

at the place where the spirit inlet. valve is
arranged, must be well cooled in order that
the spirit may always be well below 1its
boiling point. For motors working with
hquid fuel which will not mix with water
two such pumps and injection valves must

be provided, one for the liquid fuel and the

other for the water.. -
- When the liquid fuel or inflammable mat-
ter is very completely utilized 1t 1s easily

possible, especially in large motors, to pro-
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vide for a prolonged expaﬁsion by arra,nging

to be operated from the valve-gear shaft in
such a way that said valve is first closed
after the piston has made a part of its com-
pression stroke. The remaining part of the
stroke then -only serves for producing the

 compression, while for the expansion the
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whole stroke is employed up to the opening

of the exhaust slots. .Apart from this regu--

lation of the inlet valve no alteration nee
be made in the arrangement. | .'
If 1t 18 desired to employ liquid fuels
which: are difficult to vaporize, such for in-
stance as petroleum residues or crude oils, it

‘will be well in order to make sure of the

vaporization to warm to a certain extent the
indrawn air, by taking fhe exhaust gases
around or in suitable passages through the
crank casing, or by preventing the complete

expulsion of the burned gases from the cylin® |

der by the incoming air. As soon. as the
heavy oil is vaporized the temperature can be
again considerably reduced by the injection
of water, as although the whole pressure is
required for the evaporization, a very much
lower partial pressure would be necessary to
produce the condensation temperature after
the mixture of the vaporized fuel with the
alr. For the ignition ainy suitable known
method of ignition may be employed.
Having now particularly described and

| ascertamed the nature of my said invention
and in' what manner the same is to be per-|

formed, I declare that what I claim is:—
1. The method of cooling the explosive

| Increase tl_le | capabilities of compression
In a suitable manner for the air inlet valve | thereof, which consists in injecting a cooling

- charge of an internal combustion engine to |

liquid directly into the working cylinder of
an engine at a point during the compression
of the charge when the temperature of the
latter has been raised by the heat incident to
sald compression to a temperature equal to
the boiling ‘point of the cooling liquid and
continuing the injection . of said. cooling
charge. - .

2. The method of cooling .the explosive
charge of an internal combustion engine to
increase the capabilities of compression
thereof, which consists in injecting a cooling

liquid during the further compression of the

lhiquid directly into the working cylinder of
‘an engine at a point during the compression

of the charge when the temperature of the

- latter has been raised by the heat incident to
sald compression to a temperature equal to

the boiling pomt of the cooling liquid, and

then gradually injecting such cooling liquid,

during the further compression of the charge
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so that the heat produced by the compres- -

sion during a part of the increase in pressure
shall suffice to evaporate the cooling liquid

| injected during the same time, said evapora-

tion serving to reduce the temperature of the
charge. -

~ In testimony whereof I have signed my.
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name to this specification in presence of two

witnesses. | -
KARL EDMUND SCHREBER.

‘Witnesses:
JOHANNEs HEYN,
Jurrus Urconr.
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