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This invention relates to improvements in air-cooled 
internal-combustion engines, in which the air for cooling 
the engine is impelled thereover by the ejector effect of 
the exhaust gases discharged from the engine through an 
ejector nozzle. 
The primary object of the invention is to provide an 

air-cooled engine construction adapted to avoid the losses 
in effectiveness incurred in cooling systems of this kind 
previously used. 
A further object of the invention is to provide an air 

cooled internal-combustion engine construction, in which 
effective and efficient use is made of the exhaust gases 
for cooling the engine. 

In accordance with the invention, the foregoing objects 
are achieved by providing an engine construction in which 
the cross-sectional area available for the flow of cooling 
air through the ejector tube surrounding the ejector nozzle 
is substantially the same as the free flow area made avail 
able for the passage of air around the cylinder and cyl 
inder head of the engine. The cylinder or cylinders of 
the engine are, at least in part, surrounded by a casing or 
jacket for directing the cooling air over the cylinder or 
cylinders, and the arrangement of this jacket with respect 
to the cylinder or cylinders is correlated with the ejector 
which makes use of the exhaust gases flowing from the 
engine. By effecting this correlation and arrangement 
of the areas in this manner, a distinctly increased efficiency 
of the ejector is attained. 

Tests have shown that with higher air velocities at the 
intake end of the mixing tube of the ejector, losses in cool 
ing effectiveness arise due to the greater frictional resist 
ance of the air on the walls of the engine and to the Sud 
den reversals of the air stream on the cooling ribs of the 
cylinder and cylinder head so that a greater part of the 
subatmospheric pressure created by the waste gases in the 
ejector is not available for drawing cooling air to cool the 
internal-combustion engine. 
We have discovered that the most advantageous cool 

ing action is attained when the cross-sectional area pro 
vided for the flow of cooling air in the mixing tube of the 
ejector, less the cross-sectional area of the discharge end 
of the ejector nozzle, is 0.8 to 1.1 times the cross-sectional 
area of the cooling air stream between the air-guiding 
casing and the cylinder and cylinder head. 
The essential features of the invention are described 

more in detail hereinafter in connection with the accom 
panying drawings which show, by way of example, one 
form of or embodiment of the invention applied to a one 
cylinder air-cooled diesel internal-combustion engine. 

In the drawings: 
Fig. 1 is a side view of an internal combustion engine 

partly in longitudinal section through the center, with 
parts broken away; and 

Fig. 2 is a view, in which the right-hand side is a section 
taken along the line II-II of Fig. 1, and in which the 
left-hand side is a section through the casing taken on 
the line III-III of Fig. 1. 
As shown in the drawings, the improved internal-com 
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bustion engine comprises a cylinder 1 formed with hori 
zontal cooling ribs 2, a cylinder head 3 formed with hori, 
zontal cooling ribs 4 and 4 and vertical cooling ribs 5 
and 5'. The cooling ribs 5 and 5' on top of the cylinder 
head extend in the same direction from front to rear. A 
cup or sleeve 6 is mounted on the cylinder head 3 and 
carries a cap or hood 7, in which the control or actuating 
mechanisms for the engine are mounted, such as the means 
for actuating engine valves. A crankcase 8 is connected 
to the lower face of the cylinder 1. An injection nozzle 
9 is disposed on the cylinder head 3 and extends toward 
the front of the engine. The injection nozzle 9 is con 
nected into an injection conduit 9' in the cylinder head. 
The nozzle 9 may be replaced by a spark plug. An 
exhaust gas conduit 10 is provided in the cylinder head 
opposite the injector nozzle 9. Outside of the cylinder 
head 3, the conduit 10 merges into or terminates in an 
exhaust gas nozzle 11 having a tapered exterior surface. 

Cooling air is guided over the cylinder 1 and cylinder 
head 3 by means of a surrounding sheet metal jacket or 
casing comprising cowls or casing sections 12, which on 
the injector side of the engine are spaced apart sufficiently 
to provide a free wide gap through which air can flow into 
the space between the edges of the casing sections 12 
directly onto the cylinder and cylinder head of the engine. 
Fig. 1 shows the edge 12 of the casing section on the far 
side of the cylinder and cylinder head, which borders one 
side of the gap. The overlap of the casing on the sides 
of the gap at the front of the engine is indicated by the 
edge 12' in Fig. 2. 
On the exhaust side of the cylinder head 1, the air 

guiding casing sections 12 merge into each other to form 
a funnel-like conduit 13 around the exhaust nozzle 1i, 
to which a cylindrical mixing pipe 14 is connected by a 
welded joint, as shown. It is to be understood, of course, 
that the mixing pipe 14 may have a cross-section other 
than circular. In the construction as shown, the exhaust 
gas nozzle 11 extends through the funnel-shaped part 3 
of the casing into the mixing pipe 14. 

During the operation of the engine, the exhaust gases 
flow directly through the exhaust gas conduit 10 of the 
cylinder head, through the nozzle 11 and into the mixing 
tube 14. Due to the ejector or suction effect of the ex 
haust gases flowing from the nozzle 11, air is drawn by 
Suction, by the operation of the internal-combustion en 
gine, through the gap between the air-guiding cowls 12 on 
the injector side of the cylinder and cylinder head and up 
into the mixing pipe 14, where it is admixed with the ex 
haust waste gases discharged through the nozzle 11. In 
this operation the cooling air entering through the gap 
on the injector side of the engine flows substantially with 
out change in direction of flow into the funnel-shaped 
conduit section 13. 

In order to make the most effective use of the suction 
effect of the waste exhaust gases of the engine in ac 
cordance with the invention, the internal cross-sectional 
area of the mixing pipe 14, at the position of the plane 
X-X in Fig. 1, within the range of the exhaust gas 
nozzle 11, less the cross-sectional area (external), of the 
tip of the exhaust gas nozzle 11, for the flow of the 
cooling air, is substantially the same as the free area 
provided or remaining at the position of the plane Y-Y 
in Fig. 1, for the flow of air around the cylinder and 
cylinder head inside the air-guiding casing sections 12. 
This latter area for the passage of cooling air is meas 
ured at the position of a vertical section passing through 
the axis of the cylinder 1, that is, at the plane Y. Y, 
which extends transversely to the direction of the flow 
of air over the cylinder and cylinder head from the gap 
or opening in the casing toward the ejector. At this 
position the casing sections 12 are arranged closest to the 
cylinder and cylinder head and determine the minimum 
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flow area for the air stream flowing over the cylinder and cylinder head. 
Due to the uniform velocity of the air flow over the 

cylinder and cylinder head within the casing and through 
the mixing tube 4 around the tip of the nozzle E, the 
losses in efficiency are held at such a low value that 
Substantially the full ejector action of the waste gases 
is made available for cooling the internal-combustion 
engine. The construction of the casing sections, includ 
ing the funnel-shaped section 13, and of the ejector, in 
cluding the mixing pipe 14, and their arrangement in the 
manner described so as to correlate and substantially 
equalize the flow areas referred to, provides an arrange 
ment in which the ejector action of the exhaust gases is 
most effectively utilized for cooling the engine. 

It is to be understood that the invention is not limited 
to any particular kind of air-cooled internal-combustion 
engine and that the mixing pipe and correlated elements 
provided in accordance with the present invention may 
be used in connection with diesel or Otto-cycle engines, 
whether or not they have one cylinder or a plurality of cylinders. 

This application includes subject matter disclosed in 
the applicants' copending application Serial. No. 483,336, 
filed January 21, 1955. 
We claim: 
1. An air-cooled internal combustion engine including 

a cylinder having a cylinder head provided with a jacket 
for guiding cooling air thereover and with an exhaust 
gas ejector for impelling the cooling air over the cylinder, 
the jacket being open on the side of the cylinder and its 
cylinder head opposite that of the ejector permitting un 
restricted access of cooling air directly to the cylinder 
and cylinder head, an exhaust gas conduit in the cylinder 
head, the exhaust gas ejector including a single exhaust 
gas ejector nozzle forming a direct, substantially straight 
line continuation of said exhaust gas conduit and an air 
flow pipe connected into said jacket and surrounding the 
discharge end of said ejector nozzle, said ejector nozzle 
being spaced substantially centrally with respect to the 
air flow pipe and extending from the cylinder head on 
the side directly opposite that of the open side of the 
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jacket in a direction directly away from the cylinder 
head so as to eject air through said air flow pipe and to 
draw the cooling air through the opening in the jacket 
and over the cylinder and cylinder head without appre 
ciable change in the direction of flow, characterized in 
that the cross-sectional area available for the flow of air 
in the air flow pipe around the discharge end portion of 
the ejector nozzle is substantially the same as the free 
flow area available for the flow of cooling air around 
the cylinder and cylinder head inside the jacket. 

2. An air-cooled internal combustion engine as claimed 
in claim 1, in which the cross-sectional area of the air 
flow pipe at the position of the tip of the exhaust gas 
nozzle, less the cross-sectional area of the tip of the 
exhaust gas nozzle is from 0.8 to 1.1 times the cross 
sectional area available for the flow of cooling air around 
the cylinder and cylinder head inside the jacket. 

3. An air-cooled internal combustion engine as claimed 
in claim 1, in which the flow area available for the flow 
of cooling air around the cylinder and cylinder head 
comprises the flow area measured on a vertical section 
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4. 
through the axis of the cylinder transversely to the direc 
tion of flow of the cooling air from the opening in the 
jacket to the exhaust gas ejector. 

4. An air-cooled internal combustion engine including 
at least one cylinder having a cylinder head, a casing of 
sheet material for guiding cooling air over the cylinder 
and cylinder head having spaced edges on one side of the 
cylinder and cylinder head defining an opening permitting 
access of cooling air directly to the cylinder and cylinder 
head, an exhaust gas ejector comprising a single ejector 
nozzle located on the side of the cylinder and cylinder 
head opposite said opening, and means interconnected 
With said casing forming an annular air-flow passageway 
Surrounding the discharge end of said nozzle, said nozzle 
projecting from the side of the cylinder head substantially 
centrally into said air-flow passageway and arranged to 
deliver exhaust gases from the cylinder head in a direction 
away from the cylinder head to eject air through said 
annular air-flow passageway and to draw cooling air 
through said opening in the casing and over the cylinder 
and cylinder head without appreciable change in its direc 
tion of flow, characterized in that the cross-sectional area 
of the air-flow passageway around the ejector nozzle at 
its discharge end is approximately the same as the free 
flow area available for the flow of cooling air around the 
cylinder and cylinder head inside the casing, whereby the 
full ejector action of the exhaust gases issuing from the 
cylinder through the ejector nozzle is made available for 
cooling the cylinder and cylinder head of the engine. 

5. An air-cooled internal combustion engine includ 
ing at least one cylinder having a cylinder head, a 
casing of sheet material for guiding cooling air over 
the cylinder and cylinder head having spaced edges 
on one side of the cylinder and cylinder head defin 
ing an opening permitting access of cooling air directly 
to the cylinder and cylinder head, an exhaust gas ejector 
located on the side of the cylinder and cylinder head op 
posite said opening, comprising means connected with said 
casing forming a passageway for mixing air with exhaust 
gases extending in a direction away from the cylinder head 
of the engine, said cylinder head being provided with an 
exhaust gas conduit leading directly to the side of the 
cylinder head toward said passageway, and a single ex 
haust gas ejector nozzle integral with the cylinder head of 
the engine extending axially into said passageway in 
spaced relation to the wall thereof and constituting a sub 
stantially straight line continuation of said exhaust gas 
conduit, characterized in that the cross-sectional area of 
the passageway around the ejector nozzle at its discharge 
end is approximately the same as the free flow area avail 
able for the flow of cooling air around the cylinder head 
inside the casing, whereby the full ejector action of the 
exhaust gases issuing from the cylinder through the ejector 
nozzle is made available for cooling the cylinder and 
cylinder head of the engine. 
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