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~apparatus (which increases the cost of the en-
oine) by the removal from the combustion-
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To wll whom it may concerw: |

Be it knownthat I, FrRieprICH AUGUST HAS-
ELWANDER, a subject of the Emperor of GGer-
many, residing at 1 Kiiferthalerstrasse, Mann-
heim, in the German Empire, have invented a
new and useful Improved Internal-Combus-
tion Engine, of which the following is a speci-

fication. | _

In combustion-engines which only allow the

fuel and compressed air to meet just before

the expansion begins an apparatus, such as an
air-pump, is necessary to inject the combusti-
ble dispersed in compressed air into the com-
bustion-chamber with a certain force. The
present invention renders superfluous such an

chamber during the explosion'and increase of
pressure at the beginning of the preceding

working stroke of the gasrequired for injec- |

tion and spraying, which gas must be under

a pressure exceeding the pressure in the com- |

bustion-chamber at the end of the compres-

“sion-stroke. The principle of this new en-

oine and its cycle of operations is illustrated

by the examples described below, with ref-
erence to the accompanying drawings, in
“which— | |

Figure 1 illustrates a four-stroke engine,
and Fig. 2 a two-stroke engine, according to
the new system. - S

In Fig. 1/ is a gas-chamber which 1s con-

nected with the combustion-chamber « or the |
.injection device ¢ by means of two ports

which can be closed by the valves ¢ and 6.
The valve « isclosed by spring or other pres-
sure, by means of a spring g, for instance,
and 1s adapted to be operated by the rocking

lever %, pivoted on shaft 7’ to the outer arm
of which leveris connected a rod m, working -

by means of a roller ¢ on a cam u on the
crank-shaft v. = is the valve-box for the

fuel: (in this case liquid;) £, the fuel-valve re-

ceiving liquid fuel by pipe o; d, an injection-
nozzle; 7, a space divided off in the valve-box

- between the head of valve ¢ and the nozzle d.

The cycle is as follows: During the suction:

stroke of the piston % fresh air comes through
the automatic or operated air-inlet valve s

| interior of the cylinder z above ‘the pistoﬁ'. -

At the same time the fuel-valve £ is operated
by the lever A', mounted on shaft A%, which
latter is operated by any suitable means—
such, for instance, as the means which oper- 55
ates the valve a—and a certain quantity of -
fuel flows out of the fuel-supply pipe o into the
front space ¢ without, however, coming ouf |
of d. The combustible remains in 2 during
the .compression-stroke which follows. . Be- 60;
fore or after the end of the compression-stroke ' -
the valve @, which can be controlled by a
spring or the like—such, for instance, as g,
Fig. 1—is pushed up by means of thelever 4, -
“operated by cam « and rod m, and the pres- 65
sure is equalized between the gas-chamber {, -
which, for example, was filled with gasofa
pressure of twenty kilograms per square cen-
timeter, and the combustion - chamber 2, 1n
which the working air was compressed, for 70
example, to fifteen kilograms per squarecenti-
meter, so that the gas flowing toward » rushes
‘with the combustible out of 7z, forming spray in
the nozzle ¢ and issuing out of thelatter into
». - The combustion then takes place either by 75
spontaneous combustion, by igniting at the
hot walls of the cylinder, or at heat contain-
ing walls or blocks p, or else by electric or
-other *‘external ” ignition. During the com-
bustion an increase of pressure arises exceed- 8¢
ing that of the compression at the end of the
compression-stroke, (about twenty kilograms
per square centimeter, for example;) so that ~
the pressure in v is greater than that in /,
causing combustion-gas to flow through-the 85
automatic return-valve b to /. The gas-cham-
ber is consequently again charged for the

' next injection. The piston # moves down-

ward in the usual manner during the expan- -
sion -stroke and then follows the exhaust- go
stroke during which the products of combus-
tion escape through a suitable exhaust-valve.
(Not shown in the drawings.) “With the next

| suction - stroke the aforesaid cycle recom-

mences. - 95
‘The above illustration explains the princi-

ple of the invention, but there may be several

modifications. . R
All the valves, injecting devices, and like

50 into the combustion-chamber » and into the | parts may be of any suitable form other than 100



- sultable means.

>3

that shown and they may be operated by any

have any suitable form, and, if desired, a plu-

rality of any or all of these parts. may be em-
ploved as will be readily understood, without .

departmg from the scope of the invention.

~ The connecting-passages of the valves a b are
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- jection then serves to strengthen such mix-
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at different times and in several ways.
some cases it may be supplied under pressure:
from any convenient source, at the moment of

preferably of such a length and section that

the flame of combustion cannot readily pass.

therethrough. Moreover, it will be obvious

‘that the.use of the valve & is not essential, as
¢ may serve as areturn-valve, being poswlvelv'
raised by the lever A for the injection, but be-

ing forced up antomatically by the explosion
to admit the gases under explosive pressure.
- The supply of combustible can take -plac’e
"In

the opening of a, for example. The delivery
of the combustible can also be differently ar-

ranged, if desired, without departing from the |

scope of this mventlon The exact structure
and the position of the parts receiving the

combustlble before its injection, such as thef_
chamber ¢, Fig. 1, also depends on the kind |

of fuel used, and if necessary heating or cool-

ing" devices of known constructlon may be

employed, as will be understood..

The new motor can also be used with weak.

mixtures not capable of acting alone by meais
of the compression. -The new method of in-

tures and to make them capable of ignition.
The regulation can be effected in.any known

way—e. g., by varying the quantity of fuel-

supplied or the period during which the fuel-
valve is open, by early or retarded opening of

~ the gas-chambel valve a, or finally by the va-

40.
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rious methods of- mlsf]re
started by hand or by any of the various
starting methods.
pression the motor until it becomes suffi-

ciently warm:is preférably supplied with
easily-volatilized fuel or the reboundmg wall

or block » may be previously heated.

55

In order to be able to produce the neces-

sary excess of pressure when first starting or |
when gas is lost from 7, the latter has another

special pipe », which is normally closed, but
which can be connected to any suitable source
of air or gas under pressure. The first excess

‘of pressure in / can also be attained by ignit-
‘ing a suitable explosive substance therein.

The same principle as described above for

a four-stroke motor can also be applied with-

out essential alterations in the construction to

six-stroke or two-stroke motors.- Thearrange- .

ment shown in Flﬂ‘ 11 18 smta.ble for sm—qtroke

6o cycle-motors

In Fig. 2 is 1llustra,ted a two—stmke motor
according to the new system, showing a sim-

plified form of the essential parts- bv way of

example.  The letters correspond to those in

The air-chamber { can also

The motor can be

~With low degrees of com-

i}

‘bustionescape. -

by means of the excess of pressure of the pre-

‘viously-compressed air orby a mechanical de-~
_'Vlce such as the .rod m/, connected to roller

g, which works on- a cam ' on the crank-
a sprmg g .

-¢ and valve s to » and z above the plqton com-
‘pletely expelling the burned gases.

“might be used.

- 785,166

Workmg is as follows: During the explosmn— '

stroke of the piston £ air was compressed on
its under side in the ordinary way in a closed
crank-chamber 2/, communicating with chan-
nel ¢. Said air might also be supplied from

another suitable source. . Just before the-end
of the stroke the

70

piston uncovers an exhaust-

port 7, throuﬂ'h Whlch the products of com-

“Theair-inlet valve sisopened

shaff Y- The valve is normally held closed by

The air flows through the passage

The fuel
cock or valve ¢ is also opened and a certain

‘quantity of combustlble let In from o is de-

posited in the trough <. Said cock or valve ¢
may be operated from the crank-shaft by the
device shown dlagrammatlca]]y in Fig. 2, con-
mstmcr of the arm 7, link 7%, elbow-lever £,

{ rod m®, and roller ¢, operated by the cam ’

on the crank - shaft .. During the return
stroke of the plston the exhaust-port £ is cov-

~ered the valve s is closed, and the air shut in
above the piston % is compressed while be-
| neath the piston air is subsequently drawn

into the crank-chamber in this arrangement.
Just before the end of the compressmn-stroke
the piston pushes on the end of the spindle o’
of the valve @ and ovens said valve, so that

agas-chamber / through the passage 7, takes the
combustlble from 2 Wlth it, and thoroughly

-sprays it in-the nozzle d, which in this exam-
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{ gas flows with excess of pressure from the -

100

ple contains baffle projections » and injects |

the spraytoward » preferably onto a rebound-
ing wall, which in thisexample is shown made

up yof lattice-like plates p. The ignition, com-
‘bustion, and increase of pressure ensue as in
‘the other construction, whereby the gas-cham-
‘ber / is again charged with highly-compressed

gas entering through d, 7, passage 7, and the

-valve a, which latter is slightly open at the
.change of stroke.
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In conclusion it may be mentioned that in- |

stead of liquid fuel ﬁnelv-dwlded solid fuel
What I claim 1s—

1. In an internal-combustion engine the
‘ecombination with the cylinder and piston of
| ‘& small chamber so arranged that it will re-
mailn approximately at the temperature of the
-cylinder during working,

a passage connect-
ing said ch&mber to the cylinder"beyond the
farthest point reached by the piston during
compression, a non-return valve in said pas-
sage, a receptacle in the combustion-chamber
of the cylinder, means for feeding the com-
bustible to said receptacle, a passage leading
from said chamber to .the receptacle and
means whereby the gases at the pressure of
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05 Flg 1 or lndlcate like parts. The cycle of | an explosion lmpmsoned in the said chamber 130



passage in order to inject the combustible

‘into the fully-compressed charge of air in the-

| combustlon-chamber

. a small chamber so arranged that it will re-

combma-,tmn with the cylinder and piston of

- main during working approximately at ‘the
- temperature of the cylinder .and a passage

10

communicating therewith from the combus-/|

tion-chamber beyond the farthest point

reached by the plston in the compression-
stroke, a non-return valve in said passage

wher ebV gases will be allowed to enter said

small chamber at the highest explosion-pres-
sure and. will be 1mprlsoned therein, and

- means for injecting thé combustible into the
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o fully-compressed air in the combustion-cham-

ber by means of the charﬂ'e retamed in said
small chanmiber. |

- 3. In an internal- combustion engine the‘:
combination with the cylinder and piston of
a small chamber so arranged that it will re-

main during working approximately at the

temperature of the cylmder.. a non-return .

valve adapted to allow gases at the highest
pressure of explosion to enter said chamber
from the combustion-chamber and to become
imprisoned in the chamber, an outlet-pipe.
leading from said chamber, means for deliv-
ering the combustible to the front of said out-

‘let-plpe and means adapted to allow the charge

imprisoned in said chamber to pass out

through said pipe and to inject and spray the
(,ombu%lble into the fully-compressed charge

of air in the cyhnder

785,166

Ny may be allowed to pa,ss out through the latter -
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4. In an mterna,l combustlon engme, the

combination with' ‘the cylinder and piston of
a small chamber so arranged that it will re-

| main approximately at the temperature of the
9. In an internal - combustlon engine the- ~eylinder during working, means for allowing -
explosion -gases to enter said cylinder at the
‘highest pressutre of explosmn, means for de-
livering the combustible into the combustion-
chamber when  the pressure therein is low,
and means adapted to allow the charge of ex-

plosion-gases lmprlsoned in said chambpr to

spray the combustible into the combustion-

chamber When the compressmn therem 18
"high. - '

5 In an mternal combustlon eno*me the~

combination with the cylinder and plStOIl of

a, sma,ll chamber so arranged that it will re-

40
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main approximately at the temperature of the

cylinder during working, means for allowing

explosion - gases to enter said’ eylinder at the
highest pressure of explosmn, means for de-

55

livering the combustible into the combustlon— |

chamber when the pressure therein is low,
means adapted to allow the charge of explo-

sion-gases imprisoned in said chamber to spray -

the combustible into the combustmn chamber
when the compressmn therein is high, and

means for igniting .the combustible mixture

in the combustion-chamber.
-In testimonywhereot L havesign ed m y name

6o

to this specification in the ‘presence of two sub- .

scrlbmg witnesses.

| FRIEDRICH AUGUST HASE]:WANDLR
Wltnesses
~ H. W. HARRIS,

. CONRAD ZIMMER.
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