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l The present invention relates to exhaust means 
for internal combustion engines and it has for 
its object to provide means adapted to ensure a 
practically complete,v evacuation of the burned 

55?‘ gases from the cylinders of internal combustion 
engines by preventing reversal of the flow of 
gases which, after rushing from the cylinder as 
a pu? followed by an almost complete vacuum, 
tend to'flow back into‘ the cylinder before the 
exhaust ports are closed. Irreversibility of flow 
will prevent this action and keep in the cylinders 
a vacuum favorable to a good ?lling with fresh 
gases, and consequently a high output of the 
engine. 
In accordance, with our invention we obtain 

this result in a simple ‘and convenient manner 

16 

by‘ guiding the exhaust gases, in such manner 
that on leaving. the ports of the'cylinder, they 
immediately take up a helical ‘whirling move 
ment at such speed that a reversal of such move 
ment does not occur until the exhaust ports are 
open. To this end, the exhaust device comprises 
in immediate proximity to the exhaust ports a 
throttled or nozzle-shaped passage for imparting 

25‘ a great velocity of flow to the outgoing gases, 
and an expansion chamber of circular section, 
preferably of spiral shape, into which the said 
passage or nozzle opens tangentially at such 
angle that the outgoing gases are caused to 
take up-a helical whirling movement directed 
towards the outlet of the expansion chamber. 
The passage or nozzle may be made of varying 

section according to changes in the running 
speed of the engine, and in this case it may com 
prise a movable wall or lip. Advantageously the 
expansion chamber has an inlet open to the at 
mosphere and openings are provided in its spiral 
wall for allowing air to be sucked in by the whirl 
ing ?ow of gas. 

26 Preferably, the expansion chamber surrounds 
a ring of exhaust ports in the cylinder wall and 
the outlet passage or nozzle extends over the 
whole periphery of the cylinder, being divided 
by a number of guiding partitions or blades for 

45' initiating the whirling movement of the gases 
and directing them under'a widely open angle 
into the spiral shaped expansion chamber. 
In one embodiment of our invention, the ring 

of guiding blades forms'a vrotor which under the 
action of the‘ gases issuing from the exhaust 
ports, revolves in opposite direction to the gas 
flow in the expansionwchamber, said rotor con 
tinuing to revolve by reason of its momentum and 
thus cooperating in checking a return flow of the 
gases‘into the cylinder.’ 7 I ' 

iii) 
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In another embodiment of the invention, the 
arrangement of the ports is- such thatthey are 
not opened simultaneously, but they are un 
covered by the piston in succession, starting from 
a port at the starting. point of the spiral, the 
successive ports preferably having 'a gradually 
increasing cross-section. With this arrangement, 
a rapid, continuous and uniform flow of the ' 
burned gases into the expansion chamber is en 
sured under the most favorable conditions. 
Inthe accompanying drawings, which diagram 

matically illustrate, by way of example, some 

embodiments of‘ our invention: . Fig. 1 is a sectional elevation of a cylinder‘ of 

an internal combustion engine having an exhaust 
device with stationary guiding blades. , 

Fig. 2'isv a horizontal section on. line II—II of 
Fig. 1. 

Figsf3 and 4 likewise respectively illustrate in _' 
sectional elevation and in horizontal» section a 
modi?ed construction. , . 

Figs.‘ 5v and 6 are horizontal views illustrating 
two further modi?cations. I - 

Figs. 7 and 8 respectively show in vertical sec 
tion a._ nozzle of variable cross-sections; with a 
movable lip in two different positions. 

Figs. ’,9_ and 10 show in fragmental sectional 
elevation and plan view respectively, an exhaust 
device with rotary guiding blades. - . ‘ 

Figs. 11 and 12 are respectively a plan view and 
an elevation of a spiral exhaust chamber with 
ports in stepped relation, the cylinder being 
shown in section in Fig. 11.’ ' 

Figs. 13 and 14 are cross-sectional views of the 
chamber on lines IHIL-XIIIand X[V-—XIV of 
Fig. 12 respectively. , 

Fig. 15 is a development of the ring of stepped 
ports. . - _ > 

In‘ all the drawings, I denotes the wall of the 
cylinder of an internal combustion engine and 
2 the piston which at the bottom of its stroke 
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uncovers a ring of exhaust ports 3 adapted to .' 
allow‘ of’ an instantaneous escape of the burned 
gases towards the exhaust device which, aswill 
be described, is so arranged as to prevent the said 
gases being returned by the vacuum in said cyl 
inder before the piston 2 has again covered the 
ports 3. - ' 

In Figs. 1 and 2, the exhaust ports 3 open into 
a peripheral passage or nozzle '4 which has a 
throttled section like a Venturi-tube, and is par 
titioned by blades 5 arranged obliquely with re 
spect to the radii of the cylinder so that the out 
going gases -are directed tangentially into a 
spiral-shaped exhaust chamber 6 of substantially 
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2 
circular cross-section surrounding the peripheral 
passage. The burned gases ?ow through the pas 
sage 4 in streams at very high velocity to which 
the guiding blades 5 impart a rotational move 
ment in the axial plane of said passage 4 towards 
the outlet of chamber 6. As shown in Figs. 2 
and 3 the passage or nozzle 4 also opens into the 
chamber 6 tangentially to the cross-sectional 
curvature of said chamber so that the gases are 
also imparted a rotational movement in a direc 
tion at right angles to the ?rst rotational move 
ment, the resultant being a helical whirling 
movement in the spiral chamber, towards the 
outlet at the wide end of said chamber. The 
arrangement is such that the momentum of the 
whirling gas stream keeps its direction of ?ow 
for a time longer than that necessary for the 
piston 2 to close the exhaust ports 3. 

In order to feed the whirlingr gaseous stream 
so as to ensure as much as possible its uniform 
?ow under constant pressure through the cham 
ber of gradually increasing sectional area, the 
starting or small end of said chamber is open to 
the atmosphere at 6a and openings 1 are provided 
in its outer wall through which air is sucked in 
by the gaseous stream. 

In the example illustrated in Figs. 3 and 4 the 
nozzle or passage has a ?aring shape as shown at 
4a, and the blades 5 have a stream line shape as 
shown at M. _ 
The passage or nozzle may comprise two or 

more sections 41) having ‘each an individual ex 
haust chamber 61) as‘diagrammaticallyshown in 
Fig. 5. 

In the embodiment shown in Fig. 6, two noz 
zles 4c and two spiral chambers 60 are provided, 
the nozzles 40 being separated by a solid wall 8 
andhaving an eccentric outer. outline relatively 
to the cylinder, while the chambers 60 surround 
the said nozzles 40 and have an eccentric outer 
outline relatively to that of the nozzles. With 
this arrangement the exhaust chambers 60 may 
be angularly adjustable with respect to the ring 
of nozzles and a slight angular movement of said 
chambers manually controlled, for example, by 
the toothed sectors I50 permits of varying the 
respective sectional areas of the exhaust cham 
bers and of the nozzles, and thus of varying the 
rate of gas ?ow according to the speed of the 
engine. In Fig. 6 the chambers are shown in a 
slightly o?set position with respect to the nozzles. 
Another manner of varying the rate of gas 

?ow to suit the rate of speed of the. engine con 
sists in varying the section of the nozzle in order 
to throttle more or less the gaseous streams. In 
Figs. 7 and 8, the lower wall or lip 9 of the periph 
eral nozzle lid is movable across the direction of 
?ow of the gases through the nozzle so as to vary 
the cross-sectional area thereof. This variation 
may be controlled in any desired manner, for 
example automatically by means responsive to 
variations in the depression in the inlet pipe of 
the engine. To this end, the weight of the mov 
able lip 9 of the nozzle may be balanced by a 
spring I6 and the lip may be connected to a 
bellows I! connected ‘by a pipe l2 with the inlet 
pipe IL‘ behind the throttle valve I4 in said pipe. 
The volume of bellows ltfollows the variation in 
the depression in pipe I3 and causes correspond 
ing movements of the lip 9 to take place, whereby 
the cross-sectional area of the nozzle is corre 
spondingly varied. As shown in Fig. 8, the mov 
able lip 9 can completely throttle the passage 

: through nozzle 4 so that, if required, it can act 

2,211,936 
as a check valve to prevent back flow of the gases 
into the cylinder. 

In the constructional forms described above the 
guiding blades 5 of the exhaust device are ?xed. 
In the embodiment shown in Figs. 9 and 10 the 
ring of blades 5e forms a rotor capable of freely 
rotating about the cylinder |@, in front of the 
ring of exhaust ports 3e, said rotor being located 
in the peripheral nozzle 4e which opens tangen 
tially into the spiral exhaust chamber 66. The 
rotor is rotated at high speed by the gaseous 
streams which ?ow between the blades 5e and 
then whirl through the exhaust chamber. After 
the burned gases have ?own out the rotor is kept 
in rotation iby its momentum and thus prevents 
the gases ?owing back into the cylinder, for ex 
ample if the engine runs slowly and the closing of 

_ the ports 3e by the piston occurs after the whirl 
ing movement of the gases in the spiral chamber 
has ceased being irreversible. The rotation of 
the blades also renders the outward ?ow of the 
gases more uniform. The embodiment shown in 
Figs. 11 to 15 has no movable parts, but its ar 
rangement is such that the piston does not simul 
taneously open the exhaust ports as in the previ 
ous examples, but opens them in succession, start 
ing from the port nearest the starting point of 
the spiral chamber. This is obtained by provid 
ing a stepwise arrangement of the exhaust ports 
in the cylinder wall If and in the adjacent wall 
of the exhaust chamber. The stepped exhaust 
ports 3)‘, 3g, 3h . . . 3s are arranged in a ring, 
the port 3f situated uppermost, i. e., the farthest 
away from the low dead point of the piston, 
being at the starting point of the spiral chamber 
6f. As shown in Fig. 15 the ports are in over 
lapping relation to keep up a continuous ?ow 
throughout the exhaust. 
When it nears the bottom of its stroke the 

piston first uncovers port 3]‘ then successively the ' 
other ports. Thus the gases are ?rst expelled 
under relatively high pressure and at high speed 
at the narrow end of the spiral and they initiate 
a quick helical whirling movement in which join 
the gases issuing from the subsequent ports, thus 
setting up a ?ow in a predetermined direction 
which causes a smooth and quick exhaust of the 
mass of burned gases. In order to keep up the 
continuity of flow during the entire exhaust, the 
ports are preferably given a gradually increasing 
cross section. As shown the last few ports may 
have a uniform cross section and they may be 
arranged at the same level to be uncovered at 
the same time. 
Instead of being arranged in stepped relation 

the ports may be located at the same level and 
a piston having an oblique or stepped edge may 
be used to open them successively. It will be 
understood that further constructional details 
may be varied without departing from the scope 
of the invention de?ned by the appended claims. 
We claim: 
1. In an internal combustion engine, the com 

bination of a cylinder, a piston in said cylinder, 
a peripheral exhaust port in the wall of said cyl 
inder adapted to be uncovered by the piston at 
one end of its stroke, a spiral exhaust chamber 
of substantially circular cross-section surround 
ing said cylinder, and a throttled peripheral pas 
sage connecting said exhaust port with said ex 
haust chamber, said passage opening into said 
exhaust chamber tangentially to the cross-sec 
tional curvature of said chamber. 

2. In an internal combustion engine, the com 
bination of a cylinder, a piston in said cylinder, 3, 
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2,211,936 
peripheral exhaust port in the wall of said cyl 
inder, adapted to be uncovered by the piston at 
one end of its stroke, a spiral exhaust chamber 
of substantially circular cross-section surround 
ing said cylinder, a throttled peripheral passage 
connecting said‘ exhaust port with ‘said exhaust 
chamber, said passage opening into said exhaust 
chamber tangentially to the cross-sectional cur 
vature of said chamber, and partitions in said 
passage, said ‘partitions being arranged at an 
angle to the radii of said cylinder to direct the 
outgoing gases obliquely along the curved wall of 
said exhaust chamber. 

3. In an internal combustion engine, the com 
bination of a cylinder, a piston in said cylinder, 
a peripheral exhaust port in the wall of said cyl 
inder adapted to be uncovered by the piston at 
one end of its stroke, a spiral exhaust chamber of 
substantially circular cross-section surrounding 
said cylinder, a throttled peripheral passage con 
necting said exhaust port with said exhaust 
chamber, said passage opening into said exhaust 
chamber tangentially to the cross-sectional cur 
vature of said chamber, said spiral exhaust cham 
ber ?aring outwardly, an air inlet at the narrow 
end of said chamber and an outlet to the atmos 
phere at its wide end. ' ' 

4. In an internal combustion engine, the com 
bination of a cylinder, a piston in said cylinder, a 
peripheral exhaust port in the wall of said cyl 
inder adapted to be uncovered by the piston at 
one end of its stroke, a spiral exhaust chamber 
of substantially circular cross-section surround 
ing said cylinder, a throttled peripheral passage 
connecting said exhaust port with said exhaust 
chamber, said passage opening into said exhaust 
chamber tangentially to the cross-sectional cur 
vature of said chamber, said spiral exhaust cham 
ber ?aring outwardly, an air outlet at the narrow 
end of said chamber and an outlet to the atmos 
phere at its wide end, narrow openings being 
provided at intermediate points of the outer wall 
of said chamber, said openings communicating 
with the atmosphere. ' 

5. In an internal combustion engine, the com 
bination of a cylinder, a piston in said cylinder, 
a ring of exhaust ports in the wall of said cyl 
inder adapted to be uncovered by the piston at 
one end of its stroke, an exhaust chamber of 
substantially circular cross-section extending 
around said ring of ports, said chamber having 
an inner wall concentric with said cylinder and 
an outer wall of spiral outline, a throttled periph 
eral passage connecting said exhaust ports with 
said exhaust chamber, said passage opening into 
said chamber tangentially to the cross-sectional 
curvature of said chamber, and partitions in said 
peripheral passage, said partitions being each ar 
ranged at an angle to a radius of said cylinder. 

6. In an internal combustion engine, the com 
bination of a cylinder, a piston in said cylinder, a 
ring of exhaust ports in the wall of said cylinder 
adapted to be uncovered by the piston at one end 
of its stroke, an exhaust chamber of substantially 
circular cross-section extending around said ring 
of ports, said chamber having an inner wall con 
centric with said cylinder and an outer Wall of 
spiral outline, a peripheral passage connecting 
said exhaust ports with said exhaust chamber, 
said passage opening into said chamber tangen 
tially‘ to the cross-sectional curvature of said 
chamber, partitions in said passage imparting 
an oblique direction to the outgoing gases rushing 
tangentially into said chamber, said exhaust 

3 
chamber beingfangularly' adjustable about said 
cylinder. * " ' 

'7. In an internal combustion engine, the com 
bination of a cylinder, a piston in said cylinder, 
a ring of exhaust ports in the wall of said cylin 
der adapted to be uncovered by the piston at one 
endfof its stroke, an'e'xhaust chamber ofsub 
stantially. circular cross-section extending around 
said ring of ports, said chamber having an inner 
wall concentric with said cylinder and an outer 
wall of spiral outline, a peripheral passage con 
necting said exhaust ports with said exhaust 
chamber, said passage opening into said chamber 
tangentially to the cross-sectional curvature of 
said chamber, partitions in said peripheral pas 
sage, said partitions being each arranged at an 
angle to a radius of said cylinder, and means for 
varying the sectional area of said peripheral pas 
sage. 

8. In an internal combustion engine, the com 
bination of a cylinder, a piston in said cylinder, a 
ring of exhaust ports in the wall of said cylinder 
adapted to be uncovered by the piston at one end 
of its stroke, an exhaust chamber of substantially 
circular cross-section extending around said ring 
of ports, said chamber having an inner wall con 
centric with said cylinder and an outer wall of 
spiral outline, a peripheral passage connecting 
said exhaust ports with said exhaust chamber, 
said passage opening into said chamber tangen 
tially to the cross-sectional curvature of said 
:hamber, partitions in said passage, a suction 
pipe, and means responsive to the depression in 
said suction pipe for varying the sectional area 
of said peripheral passage. _ ' 

9. In an internal combustion engine, the com 
bination of a cylinder, a piston in said cylinder, a 
ring of exhaust ports in the wall of said cylinder 
adapted to be uncovered by the piston at one end 
of its stroke, an exhaust chamber of substantially 
circular cross-section extending’ around said ring 
of ports, said chamber having an inner wall con 
centric with said cylinder and an outer Wall of 
spiral outline, a peripheral passage connecting 
said exhaust ports with said exhaust chamber, 
said passage opening into said chamber tangen 
tially to the cross-sectional curvature of said 
chamber, partitions in said passage, and means 
movable transversely of the direction of ?ow of 
the exhaust gases in said peripheral passage for 
varying the sectional area of said passage. 

10. In an internal combustion engine, the com 
bination of a cylinder, a piston in said cylinder, 
a ring of exhaust ports in the wall of said cyl 
inder adapted to be uncovered by the piston at 
one end of its stroke, an exhaust chamber of 
substantially circular cross-section surrounding 
said ring of ports, said chamber having an inner 
wall concentric with said cylinder and an outer 
wall of spiral outline, a peripheral passage con 
necting said exhaust ports With said exhaust 
chamber, said passage opening tangentially into 
said chamber, a ring of blades forming partitions 
in said peripheral passages, said ring of blades 
forming a rotor adapted to revolve under the 
action of the outgoing exhaust gases. 

11. In an internal combustion engine, the com 
bination'of a cylinder, a piston in said cylinder, 
a row of exhaust ports in the wall of said cylin 
der adapted to be successively uncovered by the 
piston at one end of its stroke, an exhaust cham 
ber of substantially circular cross-section sur 
rounding said row of ports, said exhaust cham-. 
ber having an inner wall concentric with said 
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cylinder and an outer wall of spiral outline, pas~ 
sages connecting said ports with said exhaust 
chamber and opening tangentially into said 
chamber, the port situated near the narrow end 
of said chamber being arranged to be ?rst un 
covered by said piston. 

12. In an internal combustion engine according 
to claim 11, the said exhaust ports being arranged 

in overlapping relation to keep up a continuous 
?ow of outgoing gases throughout the exhaust. 

13. In an internal combustion engine according 
to claim 11, the said exhaust ports having sec 
tional areas of increasing size from the port 5 
arranged to be ?rst uncovered by the piston. 

FERNAND RADELE'I'. 
MAX SCHUL. 


