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57 ) ABSTRACT 
A cylinder has a head and a bottom. A piston is recip 
rocable in the cylinder and defines a power chamber 
with said head and an air compression chamber with 
said bottom. Controlled intakc and exhaust ports are 
formed in said cylinder and adapted to communicate 
with said power chamber. Igniting means are operable 
to initiate a combustion of a fuel-air mixture in the 
power chamber. An inlet is formed in the cylinder and 
adapted to communicate with the compression cham 
ber. A valve controls said inlet. Said piston is adapted 
to perform in response to the combustion a power 
stroke toward a dead center near the bottom, whereby 
air is compressed in the compression chamber. Trans 
fer means are provided to transfer compressed air 
from the compression chamber to said exhaust port 
after the power stroke. 

8 Claims, 9 Drawing Figures 
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INTERNAL COMBUSTON ENGINE 

SUMMARY OF THE INVENTION 

This invention relates to an internal combustion en 
gine, particularly a four-stroke cycle internal combus 
tion engine, which comprises at least one cylinder, in 
which a piston is reciprocable and which cylinder com 
prises controlled intake and exhaust ports and an ignit 
ing device or a fuel injection nozzle, the piston being 
preferably rigidly connected to a piston rod. With re 
gard to the provision of an igniting device, the inven 
tion relates to an Otto engine. 
The statement that the piston is preferably rigidly 

connected to a piston rod suggests that the invention is 
applicable to other engines too, namely, to so-called 
rotary piston engines, such as are shown, e.g., in the 
French Patent Specification Nos. 1,321,071 or 
798,519, in which, for instance, the cylinder assembly 
constitutes a rotor and is rotatably mounted in a hous 
ing, which is designed as a stator. In these engines, the 
piston may be formed with a slot, which extends sub 
stantially transversely to the piston, and which receives 
a pin that is rigid with the stator, or the piston or a pis 
ton assembly may be constrained, e.g., by a crankshaft, 
to move eccentrically relative to the cylinder assembly. 

It is known to use a compressor in order to increase 
the power of internal combustion engines. These air 
compressors deliver compressed air into the intake 
duct or ducts before or after the carburetor. In such an 
arrangement, the increased compression is effected 
through the intake valve and for this reason is only of 
limited effect. 

In connection with two-stroke cycle engines, it is 
known from the U.S. Pat. No. 1061,025 to seal the cyl 
inder under the piston by a wall, which is provided with 
a sealed passage for the piston rod, and to establish a 
connection to the resulting chamber by a check valve 
which opens into this chamber, which is connected by 
a transfer duct to the power chamber of the cylinder. 
The mixture is compressed in the chamber under the 
piston before the piston can flow into the power cham 
ber of the cylinder. The effect of this precompression 
is restricted to the precompression chamber, and a su 
percharging is not possible. 

In that known design, a compressor is combined with 
a power piston of an internal combustion engine in a 
very compact arrangement. 
That design which is known in connection with two 

stroke cycle engines is based on the concept of feeding 
the power chamber of chambers of the engine entirely 
through the precompressor. 

In four-stroke cycle Otto engines, it is known to ef 
fect a restricted increase in power by the provision of 
a compressor in an arrangement in which compressed 
air is delivered only to the intake duct so that in this ar 
rangement the intake stroke of the piston effects an in 
take also of an enriched, compressed air. 
The known arrangement has the disadvantage that 

the means for mounting and driving the compressor are 
independent of the cylinder-piston units of the engine. 
This fact involves a considerable space requirement 
and additional means. In rotary piston engines of the 
kind described hereinbefore it is not yet known to pro 
vide a compressor. 

It is an object of the invention to provide an internal 
combustion Otto engine, particularly a four-stroke 
cycle engine, which is simple in structure and is not 
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only capable of producing a higher power but more fa 
vorable in operation than known engines of this type 
particularly as regards afterburning while utilizing for 
this purpose inherently existing means, which are spe 
cially designed. 
This object is accomplished according to the inven 

tion in that in a manner known per se the underside of 
the piston acts on a compression chamber which is de 
fined by the cylinder and disposed over the bottom of 
the cylinder, the inlet disposed over the bottom of the 
cylinder is controlled by a valve, and compressed air 
from the compression chamber is supplied to the ex 
haust port after the power stroke, particularly for after 
burning. The compressed air may be conducted into 
the exhaust port through the power chamber or directly 
through a special conduit. It is surprising that purer ex 
haust gases are discharged in this case from an internal 
combustion engine which is provided with an igniting 
device. 

In a preferred embodiment of an internal combustion 
engine in which the piston is connected to a piston rod, 
the outlet of the compression chamber of the piston, 
the transfer duct (26, 62-65, 99, 100) leading from the 
compressor is open after the power stroke, and con 
pressed air is forced through the power chamber and 
through the exhaust port for the afterburning in the lat 
ter. 
Another desirable feature resides in such an engine 

in that in a known manner the outlet of the compres 
sion chamber is connected to the power chamber of the 
cylinder by a transfer duct, which incorporates a valve, 
which connects to a branch duct leading to the exhaust 
duct, and said valve is controlled in such a manner, par 
ticularly by a camshaft, that the transfer duct is con 
nected to the power chamber of the cylinder after the 
intake stroke and the branch duct is connected to the 
exhaust port after the power stroke. As a result, the 
power chamber of the cylinder is filled in normal man 
ner with the mixture by the intake stroke and additional 
compressed air flows in when the power chamber has 
been filled. This affords the additional advantage that 
this compressed air when flowing in results in an inter 
nal cooling of the power chamber. 

In rotary piston engines, to which the invention also 
relates, such valve is controlled by the stator in depen 
dence on the setting of the camshaft, possibly also by 
means of the cylinder, which constitutes a rotor. 
Because the branch duct is connected to the exhaust 

port, the afterburning is improved so that purer exhaust 
gases are discharged. In connection with this feature it 
is of special significance that a compression chamber is 
provided and is operated in synchronism with the at 
least one power piston and delivers to the power cham 
ber of the cylinder and, to promote the discharge of 
purer exhaust gases, into the exhaust port. In this con 
nection it is a feature of the invention that the transfer 
duct leading from the compression chamber is open 
after the power stroke and compressed air is forced 
through the power chamber to scavenge and cool the 
same and through the exhaust duct to promote the af 
terburning therein. 
A particularly preferred embodiment of the inven 

tion constitutes a four-stroke cycle internal combustion 
engine, in which the cylinder at its end remote from the 
power chamber defined by the piston is sealed in 
known manner by a bottom, a piston rod extends pref 
erably through a seal (this is particularly the case in en 
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gines having stationary cylinders), the cylinder cham 
ber under the piston (this chamber will be referred to 
hereinafter also as a compression chamber) is con 
nected to an intake pipe by a valve which is, e.g., posi 
tively controlled and consists preferably as a check 
valve, the cylinder is provided near its bottom with an 
opening, from which a transfer duct extends into the 
cylinder chamber over the piston, and an outlet open 
ing of said transfer duct is disposed above the piston 
when the latter is at its lower dead center. This arrange 
ment is particularly compact, and during the operation 
of this engine compressed air can be delivered after the 
intake stroke of the power piston, as described herein 
before, and compressed air is fed also after the power 
stroke of the piston because the compression chamber 
is effective during each power stroke of the piston so 
that compressed air is blown through the power cham 
ber of the cylinder for scavenging and for afterburning. 
This has the advantage that the power chamber is scav 
enged faster and more effectively after the power 
stroke and that the afterburning is much improved. In 
this connection it must be taken into account that the 
valves, which are controlled particularly by a camshaft, 
are arranged so that the exhaust valve opens before the 
compressed air is fed when the piston has reached its 
lower dead center. In this case the piston may be used 
also as a sliding control valve. This will be particularly 
the case if the engine constitutes a so-called rotary pis 
ton engine. This feeding of the compressed air results 
also in an additional cooling, which is particularly de 
sirable for the design and the life of the engine. The 
cooling affects also the exhaust valve and the spark 
plugs or the fuel injection nozzle. 
The concept which has been disclosed results in an 

internal combustion engine which is very compact and 
virtually without need for additional means, only by a 
modification of inherently existing parts, results in a 
higher compression and a higher power, an improved 
afterburning and also in an improved cooling. The con 
cept to use no controlled lift valves or sliding valves is 
applicable to special advantage in a rotary piston en 
gine because complicated connections are eliminated 
in this case. 

In a further special embodiment of such engine which 
comprises a plurality of cylinders, e.g., two cylinders 
and particularly four cylinders, it is an additional fea 
ture that each of the openings connecting the transfer 
ducts to the compression chambers is connected to an 
other transfer duct which is associated with another 
piston in the same region, in a two-cylinder engine one 
cross-connecting duct is provided whereas in a four 
cylinder engine two cross-connecting ducts are pro 
vided which differ in cross-section so that they have the 
same volume, and valve controls are provided So that 
compression chambers under two or more pistons are 
connected to the power chamber of each cylinder be 
fore the compression stroke and, in an engine having 
more than four cylinders, a large number of corre 
spondingly controlled cross-connecting ducts are pro 
vided. A transfer duct in a two-piston engine, which 
may consist of an in-line engine or an opposed-cylinder 
engine, will meet corresponding requirements. 
According to a further feature of the invention, con 

trolled valves are incorporated in the transfer ducts 
above the cross-connecting ducts and are operated, 
e.g., by means of a camshaft and speed-reducing trans 
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4. 
missions, in such a manner that the above requirements 
are let. 

In connection with a rotary piston engine, it is a fea 
ture of the invention that the cylinder which constitutes 
a rotor and contains two pistons, which are connected 
by a piston rod, which incorporates a cam slot member 
forming part of a Scotch yoke. These piston rods ex 
tend through cylinder bottoms, which are disposed at 
the cylinder ends disposed toward the center of the ro 
tor, and the housing, which constitutes a stator, and the 
valve bushing is rotated in dependence on the power 
stroke in response to the rotation of the cylinder assem 
bly to establish suitable connections. This is included in 
the scope of the invention. 
This invention relates also to such an internal com 

bustion engine which constitutes a rotary piston engine 
comprising at least one cylinder which rotates in a sta 
tor and in which a piston is reciprocable, the stator 
being provided at substantially opposite housing por 
tions with an igniting device or fuel injection nozzle on 
one side and with intake and exhaust openings on the 
opposite side, which openings are controlled by the cyl 
inder, which constitutes a rotor. In a preferred embodi 
ment, the cylinder is closed at one end by a bottom and 
provided with at least one transfer duct, which is 
known perse and leads from the closed end to the open 
end of the cylinder in such a manner that the at least 
one transfer duct opens at such a distance from the 
open end of the cylinder that that piston exposes the 
opening of the transfer duct when the piston is disposed 
relative to the cylinder at its dead center near the 
closed cylinder end, this at least one transfer duct in 
corporates an intake valve, a transmission is connected 
between a crankshaft connected to at least one piston, 
and a shaft for rotating the at least one cylinder, which 
constitutes a rotor, and said transmission is designed so 
that the crankshaft has reached a position correspond 
ing to a rotation through 270 when the cylinder consti 
tuting a rotor has rotated through 90. This concept re 
sults in a rotary piston engine of the kind defined first 
hereinbefore, which is surprisingly simple and has a 
higher power because additional control means are not 
required in the preferred embodiment. In this case the 
valve consists of an intake valve so that an inwardly 
opening check valve is virtually provided, and the hous 
ing, which constitutes a stator, is sufficiently supplied 
with air to permit of an intake of air. 

It is also included in the scope of the invention that 
the valve is a controlled valve, which in dependence on 
a crankshaft operatively connected to the piston is op 
erable to connect the compression chamber over the 
closed end of the cylinder after the power stroke 
therein to the power chamber of another cylinder. This 
may result in increased power. In such an arrangement, 
a speed-reducing transmission having a transmission 
ratio of 1:3 is desirably provided so that the rotor as 
sembly rotates at a lower peripheral speed than the 
crankshaft. This arrangement results in a rotary piston 
engine which is structurally simple and is smooth in op 
eration and has no complicated control means. 

It is also within the scope of the invention to provide 
a reversing transmission having a transmission ratio of 
1:1. 

In a cylindrical guide opening formed in the stator 
housing, the exhaust opening begins suitably about 90 
behind the igniting device or fuel injection nozzle in the 
direction of rotation of the cylinder. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained hereinafter with ref 
erence to embodiments shown by way of example on 
the drawings, in which 
FIG. 1 is a diagrammatic sectional view showing a 

piston-cylinder engine assembly and illustrates the in 
vention only as applied to one engine cylinder unit, the 
section being taken, for instance, on line I-I in FIG. 2 
although this is stated only to indicate the section plane 
in an engine because FIG. 2 illustrates further modifi 
cations. 

FIG. 2 is a diagrammatic vertical longitudinal sec 
tional view showing a four-stroke cycle, four-cylinder, 
in-line engine. 
FIG. 3 is a diagrammatic side elevation showing a 

modified embodiment of a four-stroke cycle, four 
cylinder, in-line engine. 
FIG. 4 is a diagrammatic sectional view taken on line 

IV- IV in FIG. 3. 
FIGS. 5 to 8 are vertical transverse sectional views 

illustrating the mode of operation of a rotary-piston en 
gine embodying the invention. 
FIG. 9 is a sectional view taken on line X-IX in 

FIG. 6 and illustrates the arrangement of a plurality of 
pistons in such engine. 
DETALED DESCRIPTION OF THE INVENTION 

All Figures shown only those parts which are func 
tionally required for an understanding of the invention. 

It is known that in a four-stroke cycle engine an in 
take stroke of the piston in one direction is succeeded 
by a compression stroke in the opposite direction, 
whereafter the ignition is effected, which is succeeded 
by a power stroke and finally by an exhaust stroke. 
These strokes are functionally assisted by lift valves or 
sliding valves, which are properly controlled and con 
sist of inlet and outlet valves, which are controlled by 
a camshaft, which is driven in dependence on the rota 
tion of the crankshaft to which the piston is also opera 
tively connected. The valves may be mounted in the 
cylinder head or as sliding valves in the side walls of the 
cylinder near the cylinder head. In dependence on the 
power stroke, an igniting device or a fuel injection noz 
zle is controlled, which becomes effective after the 
compression stroke. This is known, and the invention 
is applicable to engines regardless of the manner in 
which this function is controlled. It is essential, how 
ever, that there is a functional dependence between the 
parts, i.e., between the rotation of the crankshaft and 
of the camshaft. 
FIG. 1 shows part of an opposed-cylinder engine. A 

crankshaft housing 1 contains two cylinders, one of 
which is shown at 2. A piston 3 is reciprocable in the 
cylinder 2. The piston is rigidly connected to a piston 
rod 4, which is terminated by a member 5 having a can 
slot, which extends preferably at an oblique angle to 
the axis of the piston. A crankpin 7 of a crank is rotat 
ably mounted in a sliding block 6, which is guided in 
the cam slot of the member 5. This crank rotates about 
the axis 9 around a dotted-line circle 8. The oblique 
orientation of the cam slot member has the advantage 
that the piston can move more easily through its dead 
centers. FIG. 2 shows a crankshaft 57 and a crankpin 
138, which corresponds to the crankpin 7. 
The cylinder 2 is formed in its cylinder head with two 

openings 10, 11, each of which contains a camshaft 
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controlled valve, namely, an intake valve 12 communi 
cating with an intake port 14 and an exhaust valve 13 
communicating with an exhaust port 15. The intake 
port 14 communicates in the usual manner through a 
conduit 135 with the unit 136, which comprises a car 
buretor and a fuel tank. The exhaust port 15 terminates 
in a so-called exhaust pipe 137. The valves may be con 
trolled in known manner by rocker levers 16, 17 and a 
camshaft 18, which is connected by a transmission 19 
to the crankshaft 9. Such transmission is shown with 
the same reference characters in FIG. 2. It is also un 
derstood that the cylinder head contains the igniting 
device 20, which is operated by a distributor, known 
per se, when a predetermined time has elapsed after the 
compression. 

In this embodiment, the cylinder 2 at that end which 
is remote from the cylinder head provided with the 
valve-controlled ports is sealed by a partition 21 from 
the crankshaft housing 1. The partition 21 contains a 
sealed passage 22, which is defined, e.g., by a stuffing 
box and through which the piston rod 4 extends. The 
piston rod moves along a straight line because it is con 
nected to a Scotch yoke. The latter could be replaced 
by an eccentric. 
The chamber under the piston 3 is connected to an 

intake port 23, which contains a check valve 24 or 
other means for positively controlling the intake. The 
check valve 24 or equivalent means opens to the inte 
rior of the cylinder 2. This cylinder chamber 28 may be 
described as a compression chamber and is provided 
above the partition 21 with an opening 25, which com 
municates with a transfer duct 26, which leads to an 
opening 27, which communicates with the power 
chamber of the cylinder 2 and is disposed at a point 
which is above the piston 3 when the latter is at its 
lower dead center. 

In this embodiment it is apparent particularly in the 
illustrated position that when the opening 27 has been 
exposed the compressed air is transferred from the 
chamber 28 under the piston through the transfer duct 
26 into the power chamber. This transfer is desired 
whenever the piston 3 has performed an intake stroke. 
For this purpose, the valves 12, 13 are synchronously 
controlled in known manner. 

If there is only the transfer duct, compressed air will 
be fed also after the power stroke of the piston, i.e., 
when the exhaust valve 3 is open in the position 
shown. In that case, the compressed air which is trans 
ferred scavenges the power chamber of the cylinder so 
that the walls and the exhaust valve are cooled, and air 
is fed into the exhaust port 15 so that an afterburning 
can be effected therein. 

FIG. 1 shows an alternative arrangement, in which 
the transfer duct 26 incorporates a control valve 29. 
The latter is connected to the camshaft 18 by a linkage 
30, which may incorporate a speed-reducing transmis 
sion. The control valve 29 is succeeded by a branch 
duct 31, which leads into the exhaust port 15. The con 
trol valve 29 may be a check valve preventing reverse 
flow from the branch duct 31 to the transfer duct 26. 
In that arrangement, the linkage 30 and the means 
comprised therein are so designed that the transfer 
duct 26 between the openings 25 and 27 is open after 
an intake stroke so that compressed air is then trans 
ferred into the power chamber of the cylinder whereas 
after a power stroke of the piston 3 the control valve 
29 has been shifted to establish a connection to the 
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branch duct 31 so that compressed air is fed into the 
exhaust port 15. During the succeeding exhaust stroke, 
an afterburning in the exhaust port 15 is thus ensured 
by the added air. 
FIG. 1 illustrates a basic concept. The cam slot men 

ber 5 is also connected to another piston rod 32, which 
is associated with a cylinder-piston unit that is similar 
to the one desired herein before. It will be understood 
that the branch duct 31 may alternatively communicate 
with a transfer duct of that second unit and be con 
trolled by the valves which are incorporated in the 
transfer ducts and one of which is designed 29. The 
control is such in this case that the air which has been 
compressed under the piston 3 is fed into the cylinder 
after each stroke performed by a piston in the direction 
toward the crankshaft 7. This arrangement will result 
in a further increase of the power which is produced 
and, if the air after the power stroke, in an improved 
afterburning. 

In accordance with this concept, the compressed vol 
umes under the two pistons may be transfered into the 
cylinder chambers after the power stroke so that both 
the cooling action and the scavenging action are much 
increased. 
FIG. 2 shows diagrammatically four cylinders 33, 34, 

35, 36 of an in-line engine. The lead lines of the refer 
ence characters terminate in the cylinder chambers. 
The associated pistons are designated 37 to 40. The 
cylinder heads incorporate valve assemblies 41 to 44 
and are provided with igniting devices 139 to 142. The 
valve assemblies 41 to 44 may be designed like the 
valves 12, 13 in FIG. 1. so that each valve assembly 
comprises two valves, which are disposed one behind 
the other in the view shown in FIG. 2 and properly con 
trolled by a camshaft 143, which is driven by the trans 
mission 19. The cylinders 33 to 36 are closed under the 
pistons by partitions 45 to 48, which are provided with 
sealed passages 49 to 52 for piston rods 53 to 56, which 
are connected in known manner to a crankshaft 57. For 
instance, the piston rods rigidly connected to the pis 
tons 37 to 40 may be connected to cranks, e.g., 138, of 
the crankshaft 57, in known manner by means of ec 
centric discs or preferably by means of a cam slot mem 
ber such as is designated 5 in FIG. 1 and in its cam slot 
guides a sliding block 6. The crankshaft 57 drives the 
transmission 19, which is connected to the camshaft 
143. The crankshaft 57 extends out of the cylinder 
block and carries an output element 146 consisting of 
a clutch, a gear or the like. It will be understood that 
openings 58 to 61 are provided as described above the 
partition and communicate with transfer ducts 62 to 
65, which extend parallel to the cylinders and commu 
nicate through upper openings 66 to 69 with the power 
chambers of the cylinders when the pistons are at their 
lower dead centers. Such transfer duct, such as 62 with 
the openings 58, 66, corresponds to the transfer duct 
26 in FIG. 1 with its openings, the upper one of which 
is designated, e.g., 27. The lower opening is designated 
144 in FIG. 1. In FIG. 2 an intake port corresponding 
to the intake port 23 with check valve 24 in FIG. 1 
opens on the level of the lower openings 58 to 61. Such 
intake port is provided, e.g., at 145 under the piston 37 
in FIG. 2. 

In FIG. 2, both ends of the transfer ducts 62 to 65 are 
exposed when the piston is at its lower dead center. 
Hence, in the engine shown in FIG. 2 compressed air 
is transferred into the power chamber of each cylinder 
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8 
after an intake stroke and after a power stroke of the 
associated piston. This arrangement has the advantage 
that the results described hereinbefore are produced 
with means which are simple and rugged and do not re 
cquire maintenance and without need for separate 
valves because the power pistons 37 to 40 act also as 
sliding control valves. 
FIGS. 3 and 4 show an arrangement which is similar 

to that in FIG. 2 in the same operating position so that 
like parts are designated with like reference characters. 
FIG. 3 shows the engine in the same operating position 
as in FIG. 2. For instance, the piston 37 has performed 
an intake stroke, the piston 40 has performed a power 
stroke, the piston 38 has performed an exhaust stroke 
and the piston 39 a compression stroke. The valve as 
semblies 41 to 44 consisting each of an intake valve and 
an exhaust valve, and the diagrammatically controlled 
igniting devices or fuel-injection nozzles 70 to 73, are 
properly controlled. The air compression chambers 
under the pistons 37 to 40 are interconnected by cross 
connections ducts 74, 75, which open into the respec 
tive transfer ducts 62 to 65. For instance, the cross 
connection duct 74 is connected between the transfer 
ducts 62 and 65 of the outer cylinders 33, 36, and the 
cross-connection duct 75 is connected between the 
transfer ducts 63, 64 of the intermediate cylinders 34, 
35. It is apparent that all air compression chambers are 
connected to check valves 76 to 79, which are of 
known type and open into the compression chambers, 
with which the openings 58 to 61 communicate too. 
These check valves are shown only by way of exam 

ple and may be replaced by positively controlled 
valves, which may be controlled, e.g., by the camshaft. 

In the embodiment shown by way of example, two 
cross-connecting ducts 74, 75 are provided. It will be 
understood that in a two-cylinder engine it will be suffi 
cient to provide only one of the cross-connecting ducts 
74 and 75 with suitable control means. For this reason, 
the invention is not limited to four-cylinder engines. It 
will also be understood that more cross-connecting 
ducts may be provided if the engine comprises more 
cylinders, which in the embodiment shown will be 
added in pairs of cylinders provided with respective pis 
tons. 

The cross-connecting ducts 74, 75 are designed to 
have equal volumes. This is required for a uniform op 
eration of the engine. For this reason, the cross 
connecting duct 75 has between its connections a 
larger cross-section than the cross-connecting duct 74. 
The difference in cross-section will depend on the ratio 
of the lengths of the two ducts. 

It is also apparent from FIG. 3 that the cross 
connecting ducts 74, 75 extend on different levels. The 
openings 58 to 61 are directly adjoined by portions of 
the transfer ducts 62 to 65. These portions, which ex 
tend as far as the opening of the respective cross 
connecting duct 74 or 75, incorporate controlled 
valves 80 to 83, which are required in this embodiment 
if air which has been compressed in the compression 
chambers under, e.g., two pistons is forced into a cylin 
der chamber before the compression stroke or prefera 
bly before the exhaust stroke. For instance, the piston 
37 is about to begin its compression stroke so that the 
valve 62 is open and compressed air is supplied from 
the compression chamber under the piston 37 and 
through the cross-connecting duct 74 from the cham 
ber under the piston 40. In this case the valve 83 is 
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closed to prevent a supply of compressed air into the 
chamber of cylinder 36. An inverted control is effected 
between other cylinder chambers. lf in this embodi 
ment the supply of compressed air serves only to in 
crease the power, this can be accomplished with a mini 
mum number of additional elements. It will also be ap 
parent that the afterburning can be improved by a suit 
able additional valve assembly as shown in FIG. 1 if air 
which has been compressed under the cylinders 37 to 
40 is discharged into the exhaust ports, for instance, 
through the cylinders. This control to improve the af 
terburning is highly significant. In this connection it 
may be pointed out that the valves 80 to 83 may be 
controlled by being operatively connected to the cam 
shaft 143 by means which correspond to the linkage 30 
shown in FIG. 1 in connection with the valve 29. De 
pending on the nature of the desired control, this link 
age may incorporate transmission. 
Although the invention has been explained hereinbe 

fore with reference to in-line engines having cylinders 
which cooperate with a crankshaft, it will be under 
stood that the nature of the invention resides in the spe 
cial production of compressed air below the power pis 
ton of a four-stroke cycle engine. The air supply ducts 
according to the invention may also be provided in a 
rotary piston engine which has a rotatably cylinder in 
which a piston reciprocates, which defines at one end 
a power chamber and at the other end an air compres 
sion chamber. An embodiment of such rotary piston 
engine is shown in FIGS. 5 to 9 by way of example. This 
embodiment is preferred because the teaching of the 
invention can be embodied therein without need for 
appreciable complicated control means. 
The engine comprises a housing 84, which consti 

tutes a stator and is provided on its inside in a substan 
tial part of its length with a cylindrical bearing surface 
85 for a rotor 86, which comprises the cylinder assem 
bly. In FIGS. 5 to 8, a cylinder 87 is shown in section 
in different operating positions of the engine. The sta 
tor housing 84 is provided with a fuel injection nozzle 
88 and, if desired, with an igniting device. The housing 
is also provided with an exhaust slot 89, which commu 
nicates with an exhaust port 90. In the direction of rota 
tion indicated by the arrow 131, the intake port 91 suc 
ceeds the exhaust slot by such an angle that the trailing 
edge of the exhaust slot, considered in the direction of 
rotation, will still be exposed to the cylinder chamber 
when the inlet port begins to be exposed to said cylin 
der chamber. 
The housing is mounted on a base 92, which contains 

an oil pan 93, which is not shown more fully. 
The rotor 86 is guided on the cylindrical bearing sur 

face and comprises the cylinder assembly, of which 
only the cylinder 87 is shown in FIGS. 5 to 8. The cylin 
der 87 has an internal liner and is open at one end at 
95 and closed at the other end by a bottom 96. For in 
stance, two openings 97,98 communicating with trans 
fer ducts 99, 100 are provided in the cylinder above the 
bottom. The other openings 101, 102 of the transfer 
ducts 99, 100 are provided in the cylinder on such a 
level that, as shown in FIG. 6, these openings are ex 
posed when the piston 103 moving in said cylinder is at 
that dead center position in which it is nearer to the 
bottom 96. The piston 103 is sealed and guided in the 
cylinder 87 by piston rings 104, 105,106, 107. In its in 
termediate portion, the piston is provided internally 
with a cam slot 108, in which a sliding block 109 is 
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10 
guided, in which the pin 110 of a crank is rotatably 
mounted. The direction of rotation of the crank is indi 
cated by the arrow 111 and is opposite to the direction 
of rotation 131 of the rotor 86. The parts moving in op 
posite senses have the same speed. 

It is pointed out at this juncture that in the simple em 
bodiment which is shown the overflow ducts 99, 100 
contain intake valves 112, 1 13, which consist, e.g., of 
inwardly opening check valves. 

FIG. 5 shows the position at the time of ignition. 
When the crankpin 110 has then rotated through 90 
in the sense of the arrow 111 and the rotor 86 has also 
rotated through 90 in the sense of the arrow 131, the 
position shown in FIG. 6 has been reached. During the 
change to this position, the contents of the compression 
chamber 114 over the bottom 96 has been compressed 
when the piston was driven in its working stroke to the 
position shown in FIG. 6. FIG. 6 shows the piston at its 
lower dead center, in which the openings 101, 102 of 
the transfer ducts 99, 100 are exposed so that com 
pressed air flows through the transfer ducts into the 
power chamber 115 to scavenge the same. At this time, 
the open end of the cylinder communicates already 
with the exhaust slot 89. 
When the crankpin 110 and the rotor 86 have been 

rotated through further 90 in the indicated directions, 
the position shown in FIG. 7 is reached. The piston is 
now in the position which is otherwise described as the 
upper dead center position, in which the piston occu 
pies the power chamber and the open end 95 of the cyl 
inder communicates with the exhaust slot 89 and also 
with the intake port 91. In this position of the piston, 
the compression chamber over the bottom 96 has a 
large volume and has been filled through the intake 
valves 112, 113. In this position the piston closes the 
openings 101 and 102, which are close to the power 
chamber. 
FIG. 8 shows the operating position which is reached 

when both the crankpin 110 and the rotor 86 have been 
rotated through further 90. When moving past the in 
take port 91, the power chamber 115 has been filled 
during the intake stroke of the piston whereas the vol 
ume of the compression chamber 114 has been com 
pressed. When the piston 103 after its suction stroke is 
at its dead center position shown in FIG. 8, compressed 
air flows through the transfer passages 99, 100 into the 
power chamber 115 so that the same is supercharged 
as described hereinbefore. It will be apparent that the 
intake port and exhaust slot are now closed because the 
compression chamber 114 is closed by the bottom 96. 
After a further rotation of the parts through 90 in 

the indicated directions of rotation, the position shown 
in FIG. 5 has been resumed, in which the power stroke 
is initiated whereas the compression chamber 114 has 
been filled because the piston has performed a suction 
stroke with respect to said compression chamber. 

It is thus shown that the mere provision of the trans 
fer ducts 99, 100 results in an increase of the power or 
a rotary piston engine whereas further changes are not 
required. 
FIG. 9 shows a piston 103. It is apparent that another 

piston 116, which is parallel to the piston 103, is guided 
in the cylinder 177 and moves in phase opposition to 
the piston 103. The two pistons are operatively con 
nected by Scotch yokes to a crankshaft 1 18, whose 
ends 1 19, 120 are rotatably mounted in the rotor 86 by 
means of centrally disposed bearings 121, 122, 123. 
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The pistons 103, 117 are each connected to a cam slot 
member such as 108, and the offset crankpins 125, 126 
extend through sliding blocks 109, 124, which are 
guided in said can slot members. 
The crankshaft carries at its end a bevel gear 127, 

which is in mesh with, for instance, three planet pinions 
128, 129 mounted in the stator. These planet pinions 
mesh also with an interval bevel gear 130, which is se 
cured to the rotor assembly comprising the cylinders. 
In this way it is ensured that the crankshaft and rotor 
rotate in opposite senses. 
The description given hereinbefore has referred only 

to the essential parts of a particularly desirable embodi 
ment whereas individual parts, such as cooling means, 
sealing means etc. are partly shown but are not de 
scribed. 
What is claimed is: 
1. An internal combustion engine comprising an axi 

ally extending cylinder having a head at one end and a 
bottom at the other, a piston arranged to reciprocate in 
said cylinder and to define with said cylinder, in combi 
nation with said head, a power chamber and, in combi 
nation with said bottom, an air compression chamber, 
said piston, as it reciprocates within said cylinder, has 
a lower dead center position adjacent the bottom end 
of said cylinder, a first intake port and an exhaust port 
each formed in the head end of said cylinder and com 
municating with the power chamber therein, means for 
supplying a fuel-air mixture to said first intake port for 
introduction into said power chamber, ignition means 
for initiating a combustion of the fuel-air mixture in 
said power chamber, means for controlling flow 
through said first intake port and said exhaust port, 
wherein the improvement comprises a partition form 
ing a sealed closure for the bottom end of said cylinder, 
a second intake port connected to said cylinder below 
the lower dead center of said piston, means for control 
ling said second intake port, said piston arranged to 
perform a power stroke in said cylinder in response to 
the combustion of the fuel-air mixture within said 
power chamber with said piston terminating the power 
stroke in the lower dead center position, transfer means 
for transferring compressed air from said compression 
chamber to said exhaust port at the termination of said 
power stroke, said transfer means comprises a first 
opening from said cylinder in the bottom end thereof 
below the lower dead center of said piston, a second 
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opening in said cylinder located below the head end 
thereof and above said piston in its lower dead center 
position, a transfer duct located exteriorly of said cylin 
der and interconnecting said first and second openings, 
said transfer means including a valve located in said 
transfer duct, a branch duct connected at one end to 
said transfer duct intermediate said first said openings 
and at its other end to said exhaust port at a location 
spaced outwardly from said cylinder, and said valve ar 
ranged to direct flow through said transfer port from 
said first opening to one of said branch duct and said 
second opening. 

2. An internal combustion engine as set forth in claim 
1, which is a four-stroke cycle engine. 

3. An internal combustion chamber as set forth in 
claim 1, in which 

said valve is a check valve. 
4. An internal combustion engine, as set forth in 

claim 1, wherein valve control means are operatively 
connected to said valve for selectively directing the 
flow through said transfer duct, said valve control 
means comprises a linkage connected between said 
valve and said means for controlling flow through said 
intake port and said exhaust port. 

5. An internal combustion engine, as set forth in 
claim 1, wherein said means for supplying a fuel-air 
mixture comprises a fuel injection nozzle arranged to 
communicate with said power chamber. 

6. An internal combustion chamber, as set forth in 
claim 1, wherein a crankshaft housing is secured to and 
extends downwardly from said partition with said parti 
tion sealing said cylinder from said crankshaft housing, 
a piston rod connected to said piston and said partition 
having a sealed passage communicating between said 
cylinder and said crankshaft housing through which 
said piston rod extends. 

7. An internal combustion engine, as set forth in 
claim 6 wherein said piston rod is rigidly connected to 
said piston. 

8. An internal combustion engine as set forth in claim 
l, wherein said exhaust port is arranged to effect an af 
terburning of the exhaust gases, and the afterburning is 
promoted by the compressed air supplied to said ex 
haust port from said compression chamber via said 
branch duct. 


