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To all whom it may concern
Be it known that I, Hexrr E. A. Raasr,

- of Jersey City, Hudson county, State of New
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Jersey, have invented certain new and useful
Improvements in Internal-Combustion En-
gines, of which the following is a full, clear,
and exact specification, such as will enable
others skilled in the art to which it apper-
tains to make and use the same. - '

© My invention relates to an internal com-
bustion engine, particularly of the explosive
type.

The important object of the invention is
to render the use of kerosene and other
heavy oils possible, at the same time insuring
the formation of-a true gas and complete
combustion in the working chamber.

It is also an important part of my inven-
tion to provide for the scavenging of the
working cylinder after each stroke of the
piston, filing it with pure air preparatory
to the introduction of the charge and in this
manner rendering ignition and complete
combustion possible.

My invention has various other objects
and involves various other features of im-
vortance, all of which will be fully set forth
Lereinafter and particularly pointed out in
the claims. '

Reference is now had to the accompany-
ing drawing which represents a vertical sec-
tion of the engine, illustrating, as an ex-
ample, merely, the preferred construction.

19 indicates the working cylinder, which
is here shown as vertically disposed and sus-

tained by a stanchion-frame 19° and a

base 19®.

16 indicates the piston, the rod 30 whereof
passes through the stufling box 19¢ in the
lower head of the cylinder 19. This piston
rod 30 is fastened to a cross-head 30°, which
ruus in a guide 30* and is articulated to the
crank shaft 29 by the connecting rod 35 in
the nsual manner.

‘12 indicates the- admission valve which
opens into a firing chamber 11 communicat-
ing with the upper part of cylinder 19. This
valve 12 is of a peculiar construction set
forth and claimed in my copending appli-

Zas engines, filed May
29, 1907, Serial No. ‘3?6,437, and will not be
described in detail here. :

10 indicates the exhaust valve, which op-
erates in the tn}?l of the firing chamber 11,
and opens into the exhaust Qipe_ 21. The ex-

fve is seated by a spring 10® on its

stern and is adapted to % mecaanienlly
opened through an aperaiing iever 15% and
rod 10°, the latter being joiued to a swinging
arm 10% actuated by a cam on the shaft 26,
This shaft is also provided with o cam for
actuating the rod 12* of the inlet valve. The
details of these cams will be obvious to
skilled mochanics and T will not further de-
scribe them. The crank shaft 26 is driven
by a train of gearing 26* from the crank
shaft 29.

To the housing or eage of the inlet valve
12 an air pipe 36 leads. This communicates
with a pipe 14, such communication, how-
ever, being controlled by a valve 24 to the
pipe 14 and from it the pipe 36 is supplied
with compressed air from a tank 15. Sur-
rounding the seat of the valve 12 is an an-
nular chamber 22 having a narrow outlet
on the surface of the seat and this chamber
is supplied with oil through the pipe 32 into
which the oil is forced by a pump 33 driven

the normal fuel of the engine. As the valve
12 lifts an annular jet of oil passes from the
chamber 22 and is taken up by the air under

pressure of the pipe 86, forming an ntomized

mixture, which nnpinges against the- hot

" walls of the chamber 11, is transferred into a

fixed gas as will more fully appear herein-a
after.

In the lower head of the cylinder 19 is an
outwardly opening check valve 18 which is
spring seated and discharges into a chamber
13*> from which leads a pipe 34 to the pipe
14 below the valve 24. On the down-stroke
of the piston at a certain period thereof,
the valve 13 opens and forces compressed air
into the reservoir 15 by way of the chambeor
13* and the pipes 34 and 14.

4 indicates a receiver having a throat 2,
leading to a port 1 in the walls of the cyl-
inder 19 in such a position that when the

‘piston 16 is at the bottom center, the port 1

is uncovered and communicates with thecyl-
inder. 19 ‘above the piston. To said port 1
a by-passage 31 leads from the bottom head
of the cylinder 19. Communication between
the cylinder below the piston and the by-

69

65

70

75

by a cam on the shaft 26, this oil constituting

85

90

95

100

105

ass 31 is controlled by an inwardly open- -

Ing check-valve 17. Said valve is. spring-

.seated and its stem is engaged by an elbow-

lever 20, by which the valve may be opened.
Said elbow-lever 20 has a. reach-rod 18,
joined thereto and to the vulve 24 =n that
when said valve is moved to closed positi
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the valve 17 is.0 ened, and when the valve
24 is open, the valve 17 is closed. :
o8 indicates a storage tank for gasolene
or other readily evaporized hydrocarbon,
from which a pipe 25 passes to a minute pas-
sage in the seat or cage 9 of an inwardly
opening check valve 6. The pipe 25 is con-
trolled by a cock 27. The stem 7

valve 6 operates in a guide 8 and is furnighed

with a spring by which the valve is yield-

_ingly seated. The valve 6 discharges into a
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_of the kerosene
Accordingly, to start the engine, the valve

"81. When the piston

¢hamber 5 having a port or passage 3 lead-
ingrto the throat 2 of the reservoir 4. '
he operation of the engine may be traced
as follows: The engine is started on gaso-
lene from the tank 28 and such operation
is continued until the cylinder walls become
sufficiently hot to permit proper application
or other heavy ot crude oil.

27 is opened and the valve 24 is closed, this
latter operation openin the valve 17. The
engine is then “turned over ” causing the
piston 16 to move up in the cylinder 19 above
the port 1. This rarefies the air in the cham-
ber 5 and atmospheric pressure opens the
valve 6. The in-rush of air gathers the gas-
olene from the passage in the valve seat 9
and an explosive mixture is thereupon drawn
into the cylinder 19 below the piston 16. As

‘the piston reverses its motion this explosive

mixture is forced into the reservoir 4, the
valve 6 seating, and when the piston covers
the port 1 the remainder of the explosive
mixture in the cylinder 19 passes the valve
17 and into the port 1 by way of the by-pass
16 uncovers the port 1
above it the compressed mixture passes
through the port into the top of the cylin-
der and upon the second upward movement

- of the piston the mixture is compressed and

exploded. The engine Now operates as a
9-cycle gasolene engine, the exhaust valve
10 opening at the proper period, but the
valve 12 remaining seated by reason of the
absence of air pressure in the pipe 36 to the
closure of the valve 24. - This is continued
until the walls of the firing chamber. 11 are
heated sufficiently to fix t%le heavy hydro-
carbon vapor formed from the kerosene or
other heavy.oil with which the engine nor-
mally operates. When the walls of the firin

chamber are thus heated, the valve 27 shoulg
be closed and the valve 24 opened, which
latter operation incidentally seats the valve
17. Meanwhile, oil will have been admit-
ted to the chamber 22 and heated by ‘the
walls thereof. . The ogening of the valve
24 sup{)ﬁes_ compressed air to the pipe 86
and balan

19+ is-lifted the valve 12 opens,
of an operation which is set
claimed in my above-referred to copending
application aqd'.which I will not here de-
scribe in detail. As the valve 12 opens it

by reason

anced the valve 12 and when the rod -
‘piston force t
forth and "

© 71,211,281

picks up an annular jet of hot oil forming
s rich atomized mixture which impinges
against the hot walls of the chamber 11 and
is transferred into a fixed gas by reason of
the cracking of the hydrocarbons due to
the heat involved. At this time the exhaust
valve 10 is closed. Said valve 10 is never
opened at the time the valve 12 is open and
in this manner loss of pressure from the re-

ceiver 15 into the atmqsphere is avoided. Si- 7

multaneously with these operates the piston
16 on moving up in the cylinder and draws
in atmospheric air past the valve 6 which
opens on the suction stroke. This air first
passes through the passage 31 and lifts the
valve 17 and when the port 1 is uncovered
the air is drawn in through this port. On
the downward stroke of the piston, the air
thus drawn into the cylinder is forced back
into the receiver 4, until the port 1 is covered
by the piston. Then the valve 13 opens and
the remainder of the air is forced into the
receiver 15, thus keeping up the requisite
pressure in said receiver. As the piston
reaches the bottom center the port 1 1s un-
covered above the piston and the compressed
air in the receiver 4 rushes through the
throat 2 and port 1 into the cylinder above
the piston. By reason of the relative posi-
tion of the throat 2 and passage 3 the air
passing said throat, by an ejector-like ac-
tion, rarefies the air in the chamber 5, lift-
ing the valve € and drawing an_additional
quantity of air from the surrounding atmos-
phere which flows through the port 1 and
augments the supply delivered from the re-
ceiver 4. At this time the valve 10 is open.
The supply of air thus introduced sweeps
through the cylinder and through the cham-
ber 11 completely scavenging these parts and
forcing all of thé burnt gases out past the
valve 10. When the piston reaches approxi-
mately the position shown in the drawings
on its upward stroke, the scavenging action
will be complete and the valve 10 is then
closed by reason of the cam ‘formation. At
the same time the rod 12* is lifted and the
admission valve 12 is allowed to open, throw-
ing into the cylinder from the chamber 11 a
rich and fixed gas. This mixture,  which
expands rapidly and therefore combines in-
stantly with the pure air remaining in the
cylinder, and the continued upward motion
of the piston, compresses such ‘mixture.
When the piston reaches the top center, or
as near thereto as may be desira le in view
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of the interval required for the propagation

of flame, the compressed charge is exploded
lrF a spark from the plug 93, or otherwise.

he burned gases expandin against the
on its work-
of course, having

o same outwar

ing stroke, the valve 12,

‘been - closed instantly after -the admission

of the rich mixture into the chamber 11.
This oqmpletes the cycle of operations, the
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engine operating, it will be observed, in a
2-stroke ¢ycle, ' : ,
Aside from the novelty of the admissio
valve and which, as I have said, is not here-
in claimed, it will be observed that my in-
vention embraces two very important fea-
tures. First, the manner of utilizing the
heavy hydrocarbon oil in an internal com-
bustion engine of the explosive type in ac-
cordance with which the oil is heated when

. in a liquid state and then mixed with air
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below explosive proportions, this heavy
atomized mixture being then impinged
against a hot surface to form, by the crack-
ing of the hydrocarbons, a fixed gas whichis
instantly mixed with air in explosive pro-
portions, compressed and fired. In this
manner I attain complete combustion of all
of the fuel, reaching a maximum efliciency
and avoiding carbonaceous and bituminous
accumulations in the cylinder and valves.
Second, the manner in which the lower end
of the cylinder is utilized to keep the reser-
voir 15 properly charged and to control the
operations at the port 1 having to do with
the starting of the engine on the gasolene
mixture and, during normal operation, the
provision of a scavenging blast which
sweeps over the explosion face of the piston
and through the cylinder completely to
cleanse these parts instantly before the mix-
ture of the rich gas with the remaining air
to form the explosive charge.
tures of novelty are of course involved and
they are mainly ancillary to these two prin-

_ciples.

I have illustrated the engine as of the
upright type, but by obvious modifications
it could be arranged horizontally or in mul-
tiple cylinders, either vertical, horizontal, or
at inclinations to each’other. Further it
is pointed out that in large sizes, to which
my invention is particularly adapted, the
starting may be effected by compressed air
in accordance with the well-known practice,
or otherwise, as may be desired. And it is
still further pointed out that in starting,
the necessary initial heat may be derived
from an exterior burner acting on the walls
of the chamber 11, thus dispensing with the
gasolene attachment.
this application, mention is made of my
prior application for patent of the internal
combustion engine, filed Jan. 28, 1904, Ser.
214503, allowed July 6, 1908, of which the
present application, 1n so far as there is sub-
ject-matter in common, is a continuation.

Having thus described my invention what
I claim as new and desire to secure by Let-
ters Patent of the United States is:

1. An oil engine having a working cylin- .

der and a piston, an air-compressor means

-formed by the lower part of the working

cylinder having controlled communication
with the compression chamber of the cylin-

Other fea--

In connection with'

der to admit air to the same, an exhaust-

valve means arranged to open the compres- -

sion chamber to the atmosphere during the

whole or a part of the: period of air admis--

sion, means for admitting to the compres-
sion chamber, after the closure of the ex-
haust-valve means, an atomized jet of oil
and air richer than an explosive mixture,
whereby such jet mixcs with the air remain-

ing in the compressio?1 chamber to form an.

explosive mixture and means for igniting
such mixture, said ¢ompressor means serv-

ing to compress the air of said fuel before

admission to the cylinder. .

2. An oil engine having a working cylin-
der and a piston, an air-compressor means
formed by the lower part of the working
cylinder having controlled communication
with the compression chamber of the cyl-
inder to admit air to the same, an exhaust-
valve means arranged to open the compres-
sion chamber to the atmosphere during the
whole or a part of the period of air admis-
sion, means for admitting to the compres-
sion chamber, after the closure of the ex-
haust-valve means, an atomized jet of oil
and air richer than an explosive mixture,
whereby such jet mixes with the air remain-
ing in the compression chamber to form an
explosive mixture and means for igniting
such mixture, the engine having a heated
part in the path of said atomized jet, the
heat of which serves to crack the hydrocar-
bons of the jet and transform the same into
a fixed gas. '

8. An oil engine having a working cylin-
der and a piston, an air-compressor means
formed by the lower part of the working
cylinder having controlled communiecation
with the compression chamber of the cylin-
der to admit air to the same when the piston
is at the end of its working stroke, an ex-
haust-valve means arranged to open the
compression chamber to the atmosphere dur-
ing the whole or a part of the period of air
admission, means for admitting to the com-
pression chamber, after the closure of the
exhaust-valve means, an atomized jet of oil
and air richer than an explosive mixture,
whereby such jet mixes with the air remain-
ing in the compresdion chamber to form an
explosive mixture and means for igniting
such mixture. ‘

4. An oil engine having a working cylin-
der and a piston, an air-compressor means
formed by the lower part of the working
cylinder having controlled communication
with the compression chamber of the cylin-
der to admit air to the same, an exhaust-
valve means arranged to open the com-
pression chamber to the atmosphere during
the whole or a part of the period of air ad-
mission, means for admitting to the com-
pression chamber, after the closure of the
exhaust-valve means, an atomized jet of
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oil and air richer than an explosive mix-
ture and at a higher pressure than the air

in the compression chamber,
mixes with the air remain-
chamber to form an
means for igniting

whereby such jet
ing in the compression
explosive mixture and

- guch mixture.
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5. An oil engine having a working cylin-
der and a piston, an air-compressor means
formed by the lower part of the working
cylinder having controlled communication
with the compression chamber of the cylin-
der to admit air to the same, an exhaust-valve
means arranged to open_ the compression
chamber to the atmosphere during the
whole or a part of the period of air admis-
sion, means for admitting to the compres-
sion chamber, after the closure of the ex-
haust-valve means, but before the end of
the compression stroke, an atomized jet of
oil and air richer than an explosive mix-
ture, whereby such jet mixes with the air
remaining in the compression chamber to
form an explosive mixture and means for
igniting such mixture.

6. An oil engine having a working cyl-
inder and piston, an air-compressor means
formed by the lower part of the working
cylinder having controlled communication
with the compression space of the cylinder
to throw air thereinto when the piston is at
the end of its working stroke, an exhaust-
valve means arranged to open when the pis-
ton reaches the end of its working stroke,
whereby the air flowing through the cylin-
der scavenges the same, means for admit-
the compression space, after the clo-
sure of

_ized jet of oil and air richer than an ex-
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whereby such jet mixes
with the air remaining in the compression
explosive mixture and

losive mixture,

space to form an
means for igniting such mixture.

7. An oil engine having a working cyl-
inder and piston, an air-compressor means
formed by the lower part of the working
cylinder {aving controlled communication

with the compression space of the cylinder

to throw air thereinto when the piston is at’

the end of its working stroke, an exhaust-
valve means arranged to open when the pis-
ton reaches the end of its working stroke,
whereby the air flowing throu h the cylin-
der scavenges the same, means for admitting
to the compression space, after the closure of
the exhaust-valve means, an atomized jet
of o0il and air richer than an explosive mix-
ture, whereby such jet mixes with the air
remaining in the compression space to form
an explosive mixture and means for ignit-
the engine having a heated
part in the path of said jet, the heat of
which serves to crack the hydrocarbons of
the oil and transform the same into a fixed
gas. .

the exhaust-valve means, an atom- -

. 1,211,281

8. An oil engine having a working -cylin-
der and piston, an air-compressor means
formed by the lower part of the ‘working

cylinder having controlled communication

with the compression space of the cylinder yg

to throw air thereinto when the piston is
at the end of its working stroke, an exhaust-
valve means arranged to open when the pis-
ton reaches the end of its working stroke,
whereby the air flowing through the cylin-
der scavenges the same, means for admitting
to the compression space, after the closure
of the exhaust-valve means, an atomized
jet of oil and air, whereby such jet mixes
with the air remaining in the. compression
space to form an explosive mixture and
means for igniting such mixture.

9. An oil engine having a working cylin-
der and piston, an air-compressor means
formed by the lower part of the working
cylinder having controlled communication
with the compression space of the cylinder
to throw air thereinto when the piston is at
the end of its working stroke, an exhaust-
valve means arranged to open when the pis-
ton reaches the end of its working stroke,
whereby the air flowing through the cylin-
der scavenges the same, means for admit-
ting to the compression space,
sure of the exhaust-valve means, an atom-
ized jet of oil and air, whereby such jet
mixes with the air remaining in the com-
pression space to form an exp. osive mixture
and means for igniting such mixture, the
engine having a heated part in the path of
the said jet, the heat of which serves to
crack the hydrocarbons of the oil and trans-
form the same into a fixed gas.

10. An oil engine having a working cyl-
inder and piston, an air-compressor .means
formed by the lower part of the working
cyliner having controlled communication
with the compression space of the cylinder
to throw air thereinto when the piston is at
the end of its working stroke, an exhaust-
valve means arranged to open when the pis-
ton reaches the end of its working stroke,
whereby the air flowing through the cylin-
der scavenges the same, means for admitting
to the compression space, after the closure
of the exhaust-valve means, an atomized jet
of oil and air richer than an explosive mix-
ture, whereby such jet mixes with the air re-
maininf in the compression space to form
an explosive mixture and means for ignit-
ing such mixture, the said exhaust-valve
means being located at the head end of the
cylinder. N

11, A
ing means
from a source

scavenging combustion engine hav-
to supply air under pressure
external to the engine, con-

' sisting of a pressure receiving chamber and

a passage leading therefrom to the engine
cylinder, a valve communicating with the
open air and means forming a second pas-

after the clo-:
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sage between the valve connected with the
open air and the first passage, said second
bassage converging into the first toward the
cylinder, whereby an ejector like action is
established and air flows into the cylinder
from both the source of scavenging air and
the atmosphere.

12. An internal combustion engine, hav-
ing a cylinder, a double-acting piston on one
side of which the working fluid acts and on
the other side of which air Is compressed,
the cylinder having an exhaust port and an
additional port, the latter at the end of
stroke, a reservoir communicating with said
latter port, a by-pass means from the ex.
treme end of the compressor side to said
port, an inwardly opening valve controlling
the by-pass means, a second reservoir com.
municating with the extreme end of the
compressor side and an outwardly opening
valve commanding said communication.

13. An internal combustion engine, hay-
ing a cylinder, a double-acting piston on one
side of which the working fluid acts and on
the other side of whieh air js compressed,
the cylinder having an exhaust port and an
additional port, the latter at the end of
stroke, a reservoir communicating with said
latter port, a by-pass means from the ex-
treme end of the compressor side to said
port, an inwardly opening valve controlling
the by-pass means, a second reservoir com.

a.

municating with the extreme end of the
compressor side,an outwardly opening valve
commanding said communication,
means for unseating the first-named valve
at will. . < g
14. An internal combustion engine, hav-
ing a cylinder, a, double-acting piston on one

side of which the working fluid acts and on’ 49

the other side of which air is compressed,
the cylinder having an exhaust port and an
additional port, the latter at the end of
stroke, a reservoir communicating with said

latter port, a by-pass means from the ex- 45

treme end of the compressor side to said
port, an inwardly opening valve controlling
the by-puss means, a second reservoir com.
municating with the extreme end of the
compressor  side,
valve commanding said cominunication, a
fuel supply with which the second reser--
voir communicates, a valve controlling said
communication and means for synchro-

nously operating the first and last-named 55

valves alternately to open and close them.
In testimony whereof I have signed my
name to this specification in the presence of
two subscribjng witnesses. _
HENRY E. A. RAABE.
Witnesses: : .

B. Bicag,
F. C.
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