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1 Claim. (CL 123—65)

This invention relates to internal cembustion
engines, more particularly for use on aircraft,
which operate with an air compressor.

There are two fundamentally different types of
compressor engines, the so-called suparcharger
in which the whole cylinder charge is supplied
by a charging pump, and the motor operating on
the replenishing method according to which the
cylinder charge drawn frcm the atmosphere is
augmented to the desired pressure by an auxiliary
compressor. The object of both systems is high
compressicn at altitude.

A serious drawback of the motor with charging
pump is the excessive fuel consumption and high
flame temperature common to all motors in which
a homogenecus charge is burned.

According to the present invention the supple-~
mentary air is supplied to the working cylinder
through nozzle-shaped inlet ports tangentially
arranged in the cylinder wall and lying in a plane
normal tc the cylinder axis so as to effect a regu-.
lar stratification. The air ports being somewhat
rounded at the inlet and slightly expanding at
the outlet the supplementary air follows the walls
of the nozzles without breaking off, so that at the
beginning of the compression stroke the charge
is stratified into a rotating layer of air adjacent
the pisten and the turbulent initial charge above.

It has been established by tests that stable cir-
cular air motions maintain themselves into the
process of combustion, and consequently the
charge is gradually burned, and unlike a- homo-
geneous charge, if the mixture is separated from
the supercharge of fresh air. Stratification af-
fords the advantage of high thermal efficiency,
since the engine is able to work with a large sur-
plus of air, while an excess of fuel will be con-
sumed at a sufficient rate in the air-reserve of the
supercharge. .

Since the mixing of the air and fuel is com-
pleted only during the process of combustion,
the knocking tendency of the motor is dimin-
ished, and replenishing may be combined with
considerable supercharging. If this is done with
hot air to aid combustion, the gasoline consump-
tion mav be reduced to about 160 grams HP/h
(fuel-saving flight) while on the other hand the
power output may be increased at will by an ad-
mixture of fuel to the main charge.

The tangential air ports being shaped into a
suitable form of cxpanding nozzles, which is an
essential feature of this motor, they may be
placed closely together, and littie extra pressure
will be required to obtain and maintain an effi-

cient stratification right into the process of com-
bustion. )

The gas from the carburetter may be so de-
flected that it flows into the cylinder in the op-
posite direction of the supercharge. If the fuel 8
is' not vaperized in a carburetter it may be in-
jected under pressure.

In high-speed Diesel engines the combustion
may be conveniently retarded and smooth run-
ning of the engine ensured if the jet of fuel is 10
substantially confined to the upper or initial air
charge. The stratum of supplementary air par-
ticipates then only, and at the same time assists
by its rotation in the further process of combus-
tion, which in this way is conformed to the motor 13
speed. ) P

Two forms of engine constructed in accordance
with the invention are shown by way of example -
in the accompanying drawings in which

Figure 1 is a cross sectional elevation of a four- 20
stroke motor,

Figure 2 is a horizontal secticn of Figure.1, and

Figure 3 is a greatly enlarged section of the
inlet channel for the supplementary air;

Pigure 4 is a detail of Figure 5 representing a 28
two-stroke engine in which the scavenging air
is suitably directed and supplied at a lower pres-
sure than the supercharge, with further details
as in Figures 6 and 7.

Figure 5 is a cross section of a two-cycle motor 30
in which the scavenging air is suitably directed
and supplied at a lower pressure than the super-
charge. Figures 6 and 7, which correspond to
Figure 4, show parts in different positions.

The four-stroke motor as incorporated in Fig- 38
ure 1 comprises the cylinder a with piston b, suc-
tion valve ¢ and exhaust valve d. The channels e
for the supplementary air are tangentially dis-
posed in the cylinder wall and of nozzle shape.
On the inner side they are controlled by the pis- 40
ton and outside by the slide valve f which is timed
to reciprocate once in two revolutions of the
crank shaft, cutting the pressure conduit off after
the supercharge is effected. When near the end
of the suction stroke the ports e are uncovered, 45
air is forced into the aspiration charge from a
blower g, whereby the cylinder is replenished to
the desired pressure. The air supply may be
regulated by venting the excess of compressed air
to the atmosphere, or in any other known man- 50
ner.

In the two-stroke motor of Figur: 5 the slide
valve f is alternately timing the admission of
scavenging and supercharging air. After the cyl-
inder has been cleared of burnt gases through the 88
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exhaust ports i from a low-pressure cell of com-
pressor k by way of a conduit I and scavenging
port m, higher compressed air is fed into the cyl-
inder through the ports e.

An exact description as to how this engine is
operated is given with reference to the extra
drawings.

In Figure 4 the ports e are still cut off from
the compressor by the slide 7, but uncovered by
the engine piston, which on its outstroke opens
the exhaust i. On further descending to the dead
centre (Fig. 5) the piston opens the scavenging
port or ports m and thus establishes communica-
tion with a low-pressure cell of the compressor,
whence the residue of burnt gas is swept through
the exhaust ports. The piston then changes into
the upward stroke, and the ports m are closed by
the slide f which on its downward course opens
the supplementary air ports e.

In Figure 6 the piston is shown just blocking
the exhaust ports i, but leaving the ports e par-
tially open, through which at this stage fully
compressed air is discharged into the cylinder
from g passage n. The initial counter-pressure
is negligible and increases only with the further
ascent of the piston until the ports are blocked
as seen in Figure 7. When the supercharging is
thus terminated, the piston proceeds on the com-
pression stroke.

The supercharging being possible at moderate
pressure, a two-stroke motor may be so con-
structed that all of the ports are controlled by
the engine piston alone and the auxiliary valve
gearing dispensed with.

With a sleeve valve engine no more would be
required than extra ports low down in the sleeve.
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With aero-motors it is essential that the cylin-
ders are fed with supplementary air collectively,
and not individually. If each cylinder were to
have its own pressure pipe, the motor would be-
come larger and heavier. To avoid the necessity ¢
of spacing the cylinders wider apart to make
room for the extra valves and air channels, the
lower parts of the cylinders, all of them or groups
thereof, are enclosed in a receiver as shown in
Figure 2, in which the compressed air is stored 10
for admittance at the proper periods. :

Instead of an axially reciprocating or oscillat-
ing slide valve a rotary valve may be employed to
control the flow of compressed air to the cylin-
ders. The valves may then be actuated from a 15
common shaft with cams engaging on a screw
gearing, the inlet ports being in any case exclu-
sively controlled by the engine piston for at least
the whole duration of the supercharging.

What I claim is: :

In an internal combustion engine, g cylinder,
an initial charge inlet port, an air pump con-
nected to.the cylinder by an annular air cham-
ber, a plurality of inlet nozzles tangentially dis-
posed around the lower end of the cylinder and 25
connecting the cylinder with said annular afr
chamber, said nozzles being rounded on the in-
take side and expanding at a slight angle at the
other end to convert energy of pressure with the
least possible loss into kinetic energy, whereby 30
at the beginning of the compression stroke the
charge is stratified into a stable rotating cushion
of air adjacent the piston and the turbulent ini-
tial charge above. :
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CERTIFICATE OF CORRECTION.

Patent No. 2,018,848, October 29, 1935
FELIX GRUEBLER.

It is-hereby certified that error appears in the printed specification of
the above numbered patent requiring correction ag follows: Page 1, second
column, strike out 1ines'25 to 29 inclusive, comprising the following par-

~ "Figure 4 is a detail of Figure 5 representing a
two-stroke engine in which the scavenging air is
“Suitably directed and supplied at a lower pressure

than the supercharge, with further detailsg ag in
Figures 6 and 7.";

Leslie Frazer

(Seal) _ - Acting Commissioner of Patents.



