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T'o all whom 1t may concern:
‘Be it known that I, RuporrH DIESEL, a
subject of the Emperor of Germany, and re-
siding at Munich, Germany, have invented
5 certain new and useful Improvements in
Processes and Apparatus for Injection of
Liquid Fuels into Internal-Combustion Kn-
gines, of which the following is a full, clear,
and concise specification. .

10 My invention relates to a method of mtro-
ducing or injecting liquid fuel directly into
the body of compressed air i the compres-
sion space of internal combustion engines
and relates more particularly to means which

15 accomplish or bring about the immediate
and thorough atomization of the liquid fuel
as it enters the said space.

When liquid fuels are injected in jets
through very small nozzles and under very

20 high IE)resmn‘(-} into a combustion or other

~ chamber containing air or gas, the impact of
the liquid into the gas induces a mechanical
sub-division of the liquid jet into minute par-
ticles. This atomizing action is observed to

o5 increase as the ratio of the pressures inside
and outside of the receptacle from which the
liquid flows. The absolute pressure of the
gas in the chamber also affects the atomizing

~ gaction, for the higher the pressure of this gas

30. the more compact is the body which the lig-
uid jet encounters. Thisatomizing action of
the 1iquid fuel is facilitated and increased ac-
cording to the present invention by previ-

~ ously saturating the same with air or oxygen

35 under high pressure, so that when it enters
the lower pressure of the combustion cham-

ber the.rapid release of the contained gas

aids materially in’reducing the fuel to . a.

finely comminuted state, m which condi-
40 tion its energy is more readily converted mto
. useful work. At the same time, the atomi-

zation of the fuel 'inay be further facilitated |
and hastened by heating the fuel, which may

be accomplished either by impregnating the
45 fuel with the compressed gaswhile the latter
~ is still giving off 1ts heat of compression, or
by warming the fuel by an independent in-
strumentality or by both. -~ °
~ In further describing the process and the
- 50 aplilaratus with which 1t may be carried out,
I shall refer to the accompanying sheet of
drawings-forming a part hereof in which
~ TFigure 1 shows a portion of a Diesel engine
 with the fuel injection mechanism shown
55 diagrammatically according to this mven-

‘and also with an air or gas reservoir a, 4
latter communication being controlled by the.

[ tion and having its fuel receptacle shown in

vertical section, and Fig. 2 is a vertical sec-
tion of a portion of the combustion or com-
pression space of the said engine, it being un-
derstood that the said drawings are intended
to be merely descriptive of the process and
the relations of the several parts, and are not
to be considered as working drawings; and it
should be here stated that the present, mn-
vention is capable of embodiment in various
forms and adaptation to different types of

engines, according to conditions or require-

ments.

* 'The reference character d re}ifesents the

internal combustion engine which mcludes a
cylinder ¢ in which fuel material is adapted
to be compressed and combusted in the well

| known manner. The fuel is injected nto the

cylinder through the restricted opening o, con-
trolled by thefuel valve n which is appropri-
ately operated through its valve stem by the
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customary valve gearing ¢, not necessary to

be here described. - e
The saturating apparatus whereby the lig-

uld fuél 1s sa,turat,egl) with the gas comprises 2

receptacle ¢ which may be %Jled with fuel

80

through pipe 1 and stop-cock 2, by means of
the small pump p, which latter may be driven -
by hand when desired. A gas pipe k also en- -

| ters the said receptacle debouchm% near the
~bottom of the same or at least

_ ) ‘below the
level of the liquid therein, and screens or
finely perforated plates s, s, are interposed

86

between the mouth of the pipe or passage &

and the level of the liquid, so that the gas
emitted therefrom is subdivided into small
bubbles which rise through the liquid and

90

are absorbed by .it. - The pipe k communi-

cates through a stop-cock 3 and pipe or pas-
sage 7 ‘with a force pipe 4 of the air pumg1

stop-cock 5. The air pump [ just referred to
is arranged to be driven at times by the en-

gine, to fill the reservoir ¢ with compressed
air, oxygen or other gas which may be sub--
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sequently used for injecting fuel and also for

ployed for forcing compressed gas, which 1t

may draw through pipe 6 from the reservoir,
into the force pipe 4 and from thence into the
gas pipe k, the several stop-cocks shown be-
| mg appropriately manipulated to produce
this result. The receptacle ¢ has communi-
cation through the pipe 7 and cock 8 with the 110

starting the engine. The pump [is also em-
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fuel valve n of the engine, and this commu-
nication is, of course, controlled by the posi-

- tion of the valve gearing thereof.

When the engine is at rest, the reservoir a
may be filed with air of 50 or 60 atmospheres
remalning from the previous run, and the in-
jection tank or fuel receptacle ¢ may contain
no liquid fuel except possibly a small residu-

- um left from the previous run. By opening
the cocks 3 and 5, the pressures in the reser-
voir and receptacle may be equalized through
the pipe r and after closing the cock 3 the

pump p may be worked by hand to force the
oll or other liquid fuel into the said recep-
tacle to fill the same and produce therein the

~ desired high pressuare which is a multiple of
that of the compression space. When the
- engine is set in motion, the fuel is injected

20

25

into the compression space thereof through
the pipe 7 by reason of the said higher pres-
sure, and the several cocks are so adjusted
&nd-reﬁulated that the air pump 7 draws air
from the reservoir and forces it through pipe
k into the oil by which it is a,bsorbe(f - as

-above described. The air e¢oming directly

from the pump into the oil receptacle, gives off

- its heat of compression and thereby raises the

80

temperature of the oil. Asthe jet of warmed

air-saturated and oxygenated oil strikes the

body of air in the cylinder of the engine, which

18 usually compressed to about 30 or 35 atmos-
- pheres it immediately becomes thoroughly
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“Internal combustion en ) ¢ _
In oxygenating the fuel and injecting such
~oxygenated liquid through a restricted open-

- 86
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may be Suﬁ

- various we

.Plilverized' or atomized in such manner as to
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| Internal combustion engines which consists
n previously compressing said fuel in a re-
ceptacle, introducing air or oxygen into the

| bottom of oxygenated liquid receptacle and-.

mjecting the said fuel therefrom directly
into a body of compressed air in the com-
bustion chamber of said engine. -
| 5. A process of injecting liquid fuel into
mternal combustion engines which consists
| in compressing air or oxygen and itroducing
the same into a confined or closed fuel recep-
| tacle, further compressing the air or oxygen
i sald - receptacle by forcing fuel into the
same, passing subdivided particles of air or
| oxygen through said confined fuel and then
mjecting the same into a body of compressed
alr within the compression space of the engine.

internal combustion engines, which consists
| In compressing air or oxygen and forcing the
same through previously compressed hquid
| tuel before it loses its heat of compression to

| said liquid fuel directly into the compression
| space of the engine. S

internal combustion engines, which consists
1n injecting into & body of compressed air
liquid fuel which has been previously oxy-
genated with air or oxygen and heated.

8. In fuel injection mechanism for internal
combustion engines, the combination of a
liquid fuel receptacle and a pipe or passage

insure perfect combustion. The liquid jet

own forms of injection nozzles,
such as rose nozzles, or mixing nozzles in

lied, if desired, with any of the |

adapted to deliver compressed air or oxygen
below the level of the liquid therein, a second
pipe for conducting saiél oxygenated fuel to
the compression space  of the engine and

which the eatering jet draws in air through

lateral openings, or the atomization may be
ncreased by means of impact plates or by I
the use of two jets intersecting from opposite

or different directions. -

Having described 'my invention, what I
claim and desire to secure by Letters Patent
of the United States, is the B;llowing: -

1. A process of injecting fuel into internal
combustion engines which consists in inject-
ing a jet of liquid fuel previously oxygenated,
into a body of compressed. air in the com-
pression space of the engine. ' '

2. A process of injecting

| | liquid fuel into

ines which consists

ing directly-into a previously compressed gas

- within the compression space of the engine.

3. A process of injecting liquid fuel into

'Internal combustion enﬁines, which- consists
1n compressing said fue

- 1d 1uel and also air or oxy-
gen, forcing the latter in mechanically di-

- vided particles through said fuel for the pur-

g
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| i}_)&)s.e O oxygenating same and injecting

_ the
1el thus saturated directly into a body of
air 1n the compression space of said engine.

4. A process of ‘injecting liquid fuel into

|

means for creating sufficient pressure in said
receptacle to produce injection of the fuel
through said second pipe.

9. In a fuel injection mechanism for in--

ternal combustion engines, a liquid fuel re-

gee%ta,cle-, an alr or oxygen pipe passage

ouching below the level of the liquid

| therein, and means for subdividing the air

or oxygen emitted therefrom, in combination
-with a fuel injection pipe or passage forming
& communication between the liquid part in
sald receptacle and the compression space of
the engine, and a pump for forcing air or
oxygen through said gas pipe and -thereby
creating or ﬁreserving 8 pressure 1n sald re-

thereby heat said fuel, and then injecting

7. A process of injecting liquid fuel into

80

6. A process of injecting liquid fuel into
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ceptacle higher than the compressioh of the

engine. _ o o _
10. In a fuel Injection mechanism for in-

ceptacle having communication with the
combustion chamber of the engine, and
means for introducing compressed air or
-oxygen Into the liquid therein, in combina-
tion with a reservoir and a pump for forcing
the air or oxygen thereof into the said fue.
.Teceptacle. - -

L] " -

11. In a

fuel injection mechanism for in-

120
ternal combustion engines, a liquid fuel re-

125

ternal combustion engines, a liquid fuel re- 130



¢

ceptacle having communication with the
combustion chamber of the engine, and a

fuel pump for filling the same with fuel, in

combination with a gas reservoir, a gas pump
adapted to compress gas therein and pipe
connections from sald gas pump whereby it
may be caused to force the gas m said reser-
voir 1nto the liquid in the said receptacle.

' 890,820 _ B = SR

In testimony whereof, I have signed my
name to the specification in the presence of 10
two subscribing witnesses. - L

RUDOLPH DIESEL.

Witnesses:
ULysses J. BYywaTeg,
ABRAHAM SCHLESINGER.
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