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[57] ABSTRACT

A two-cycle internal combustion engine having an
“open” combustion chamber/poppet valve arrange-
ment that produces improved scavenging. The combus-
tion chamber has a generally oblate configuration and is
slanted with respect to the cylinder axis in such a man-
ner that the air flowing therein converges and 1s di-
rected downward in a collimated column into the cylin-
der. The placement of overhead cam operated poppet
valves in combination with the combustion chamber
produces a scavenging method of the reverse return-
flow type. A displacer piston having a displgcer with a
peripheral wall corresponding in configuration to that
of the combustion chamber and defining a recess of
predetermined volume that forms the floor of the com-

bustion chamber when the piston is located in its upper
most position may be advantageously employed. Van-
able valve timing is achieved by opening and closing the
exhaust and inlet valves unsymmetrically in order to
improve the scavenging efficiency and asymmetrically
to cause an increase in the effective expansion ratio.

78 Claims, 5 Drawing Sheets
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TWO-CYCLE ENGINE WITH IMPROVED
SCAVENGING

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue,

BACKGROUND OF THE INVENTION

This invention relates to internal combustion engines
of the two-stroke-cycle spark ignition gasoline and die-
sel types, more specifically, to combustion chamber and
displacer piston constructions designed to improve the
scavenging of combustion products and the introduc-
tion of fresh charge when overhead cam operated inlet
and exhaust valves are used. This invention also relates
to a selective valve timing method that further im-
proves the engine’s scavenging effectiveness and in-
creases its expansion ratio.

The specific output of a two-stroke-cycle engine is
largely determined by its scavenging effectiveness
which is defined as the ability to successfully remove
burned and residual gases of the preceding cycle from
the cylinder and fill the cylinder with fresh charge. The
scavenging effectiveness itself varies with the blower or
scavenging pump delivery ratio and with the particular
airflow pattern through the cylinder and in the present
invention also through the combustion chamber.

In an attempt to improve the scavenging effective-
ness, several two-cycle diesel engines employing cam
operated inlet and exhaust valves have been proposed.
Many serious deficiencies and drawbacks, however, are
associated with these earlier designs. For example, one
particular internal combustion engine, as described in
U.S. Pat. No. 2,222,134, employs an inlet valve along-
side of the cylinder and a relatively flat, laterally ex-
tending combustion chamber in an attempt to provide a
more thorough scavenging of combustion products by
allegedly directing the incoming air into a single axial
flow column which flows into the cylinder, hits the
piston, then flows upward until it exits through an ex-
haust passage. The major difficulty with the configura-
tion of this particular combustion chamber is that a
small flow area produces high velocity air that enters
the chamber, travels horizontally through the chamber
and then makes a 90° turn and flows vertically into the
cvlinder. Instead of directing a strong, single column,
axial flow of air downward into the cylinder, the air-
flow short-circuits and scatters across the cylinder,
reducing the overall effectiveness of the scavenging
process. Another major difficulty with the above engine
1s the narrowness of the opening between the combus-
tion chamber and the cylinder. The diameter of the
opening 1s such that the air velocity would be much too
high for modern engines, causing turbulence within the
cylinder, channeling, and high pumping losses. More-
over, the narrow opening increases the time required
for complete scavenging, thus reducing engine RPM’s.

Another attempt to improve the efficiency of a two-
cycle diesel engine is depicted in FIG. 6 of U.S. Pat. No.
2,136,070, but this design also fails to direct a single
column of air downward into the cylinder or even to
specify how scavenging is achieved. This lack of a uni-
directional airflow produces poor and limited scaveng-
ing and the new charge is likely to short-circuit.

Therefore, it is a major object of this invention to
overcome the limitations of the prior art and improve
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the two-stroke cycle operation by employing overhead
valves in combination with an improved combustion
chamber in order to provide a flow of scavenging air
that is more effective than the prior art. Also, the im-
proved combustion chamber is oriented to provide high
turbulence therein during firing in order to promote
combustion.

Another object i1s to provide an improved displacer
pision that can cooperate with the combustion chamber
to further increase the amount of turbulence created
therein as well as to adjust the clearance volume and
improve the geometry of the chamber.

Yet another object 1s to further improve the scaveng-
ing efficiency by providing unsymmetrical valve timing
for the operation of the inlet and exhaust valves.

A further object is to improve the engine thermody-
namic cycle by increasing the expansion ratio and re-
ducing the compression ratio by utilizing asymmetrical
valve timing in conjunction with unsymmetrical valve
timing. Asymmetrical timing for the purpose of this
invention is defined as the skewing of the engine timing
about the bottom dead center position of the piston.

A further object is to provide an engine of high spe-
cific output that is compact in size and reduced in
weight.

A still further object is to provide a two-cycle engine
of simpler design requiring fewer cylinders for the same
power and uniform torgue.

SUMMARY OF THE INVENTION

According to the present invention, the above objects
are accomplished through the provision of an especially
configured overhead “open” combustion chamber ad-
vantageously cooperating with a mating displacer and
by operating the overhead inlet and exhaust valves of
the engine according to a particular retarded asymmet-
rical, unsymmetrical timing pattern.

Basically, the new combustion chamber of this inven-
tion is an integral component of the cylinder head
which overlays the cylinder, 1s offset with respect to the
cylinder axis, and 1s configured in such a manner as to
produce a flow of scavenging air that converges under
the inlet valve, sweeps through the combustion cham-
ber, flows axially downward into the cylinder, fills the
cylinder from the bottom up and ultimately causes the
exhaust products to exit through the overhead exhaust
valve(s). The invention makes use of cam operated
overhead poppet valves, whereby the inlet valve is
seated within the top of the combustion chamber and
coaxially aligned therewith. The combustion chamber
has an oblate configuration, an opening overlaying the
cylinder and stdes converging downwardly such that
the desired flow of scavenging air enters the cylinder
after “blow-down’’. The exhaust valve(s) and combus-
tion chamber are located in the cylinder head in side-by-
side relationship on opposite sides of the cylinder’s
central axis. In the preferred embodiment, the combus-
tion chamber is slanted and the bottom edge along the
stde adjacent to the exhaust valves is curved so that the
initial direction of the air stream path is directly into the
cylinder and along the cylinder wall remote from the
vicinity of the exhaust valves. In an alternate embodi-
ment, the combustion chamber is oppositely slanted but
the initial direction of the air-stream path is also di-
rected axially into the cylinder and along the adjacent
cylinder wall. This 18 accomplished by increasing the
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curvature of the inside surface of the combustion cham-
ber adjacent to the exhaust valve(s).

The displacer piston of this invention has a top sur-
face for supporting a displacer that projects into the
combustion chamber when the piston nears top dead
center. The displacer has an upwardly extending pe-
ripheral wall that encloses a centrally located recess.
Preferably this recess has a generally hemispherical
shape. The external surface of the wall has a configura-
tion that corresponds to and is slightly smaller than the
combustion chamber interior wall surface. The internal
surface of the displacer recess is configured to define a
predetermined volume in order to produce a high de-
gree of turbulence within the combustion chamber
when the piston reaches the vicinity of top dead center.
As the piston approaches its top dead center position, a
strong lateral flow of air called *“squish” is created be-
tween the top surface of the piston and the underside of
the cylinder head. This flow continues into the combus-
tion chamber through a notch or opening in the periph-
eral wall of the displacer so as to produce a venturi
effect in the chamber. Turbulence can thus be adjusted
by the shape and size of the notch through which almost
all of the *‘squish” flow must pass. Even without the
displacer, considerable turbulence would still be in-
duced in the combustion chamber because of its loca-
tion and the “squish” effect. Further, when the piston is
located at the top dead center position, the displacer
forms the floor of the combustion chamber. The volume
and the shape of the interior cavity forming the combus-
tion chamber provide for an even distribution of the fuel
spray pattern throughout the fresh charge while at the
same time a high degree of turbulence i1s maintained
therein.

Also, briefly described, the invention contemplates
unsymmetrical valve timing comprising the opening of
the exhaust valve(s) and then the inlet valve in a first
predetermined time sequence prior to the piston reach-
ing bottom dead center. After the piston reaches bottom
dead center and the piston moves upward, the exhaust
valves close first, followed by the closing of the inlet
valve 1in a second predetermined time sequence. The
valves may be operated by a camshaft which is timed to
permit the inlet valve to remain open for a specific
duration after the piston has passed bottom dead center
in order to prevent loss of fresh charge out through the
exhaust and to allow the new charge to be brought up to
scavenging blower pressure.

A method of asymmetrical timing is also described,
which i1s accomplished by skewing the engine timing
about the bottom dead center position so that most of
the scavenging process takes place after bottom dead
center which results in increasing the effective expan-
sion ratio. The final result is a more-complete-expan-
sion-cycle and hence greater cyclic efficiency.

To these and other ends, the invention consists of the
novel features and combination of parts to be hereafter
described and claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view illustrating the improved
engine of this invention and showing the combustion
chamber and the inlet valve tilted in a first direction.

FIG. 2 is a sectional view showing an alternate em-
bodiment of the invention where the combustion cham-
ber and inlet valve are tilted in a second direction.
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FIG. 3 is a schematic showing the airflow dynamics
of the improved scavenging process created by this
invention.

FIG. 4 1s a front perspective view of the displacer
piston of this invention.

FIGS. 5 and $a-8d are a diagrammatic showing of
the following timing cycles: (a) symmetrical timing of
the prior art; (b) unsymmetrical timing of this invention;
(c) combined asymmetrical and unsymmetrical timing
of this invention; and (d) effective valve timing for (c).

DETAILED DESCRIPTION OF THE
DRAWINGS

Reference 1s now made to FIG. 1 which illustrates a
two-stroke-cycle engine employing the improved com-
bustion chamber/poppet valve arrangement of the pres-
ent invention. As 1s conventional internal combustion
engines described in the prior art, piston 10 is illustrated
as being a flat top piston that is located about mid-way
In its power stroke within cylinder 12. It is conceivable,
however, that larger inlet valves and flow paths may be
used, in which case a displacer piston may be more
desirable. This type of piston has a projection located
on its top surface that corresponds to the configuration
of the combustion chamber i1n order to reduce the air
space or clearance volume when the piston is in the
vicinity of top dead center. The displacer piston of this
invention will be discussed in more detail below.

Exhaust valve or valves 14 and inlet valve 16 are of
the cam operated poppet type located in over-head
positions in the cylinder head. The bottom face of ex-
haust valve 14 is substantially flush with the underside
of cylinder head 26, when closed, and 1s located to one
side of cylinder axis 32. Inlet valve 16 seats in the top of
combustion chamber 22, with 1ts stem 17 extending
along axis 30. Rocker arms 18, associated with these
valves, pivot about shaft 20 and are operated from the
camshaft by push rods (not shown) or other conven-
tional means. The valves are operated in an out-of-phase
relationship in order to achieve asymmetrical unsym-
metrical valve timing as more fully described hereinaf-
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Still referring to FIG. 1, a key feature of the invention
is the design and orientation of combustion chamber 22.
Addressing the design feature first, combustion cham-
ber side 46, located adjacent to fuel injector 24, has an
angle of curvature that 1s greater than that of opposing
chamber side 48. The airflow dynamics of this type of
structure will be discussed in detail below. Combustion
chamber 22 is located in cylinder head 26, and super-
poses cylinder 12 to form an opening 28 in the cylinder
head 26 that has a diameter approximately equal to the
radius of cylinder 12. Chamber 22 is tilted so that the
coincident chamber and inlet valve stem axis 30 1s offset
from cylinder axis 32 by approximately 20°. Such tilt is
important for the effective scavenging of cylinder 12
and for establishing the proper air flow pattern to
achieve this end. Fuel injector axis 34 is at a substan-
tially right angle to chamber axis 30 in order to maxi-
mize fuel distribution within combustion chamber 22.
Fuel injector 24 is of the single orifice nozzle type, the
use of which presents an advantage over other two-
stroke engines that most often use multi-orifice nozzles
which clog easily and are more difficult to manufacture.

Turning now to the airflow dynamics of the scaveng-
ing process as illustrated in FIG. 3, the scavenging
method of this invention is herein described as the re-
versed return-flow type. The desired result is obtained
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by the placement and unique design of combustion
chamber 22, in combination with the use of the de-
scribed overhead valves, proper valve timing, and valve
orientation.

Briefly, to summarize the reversed return-flow scav-
enging process, after the power stroke is completed, the
piston is located near bottom dead center, in a position
similar to that shown in FIG. 3. The exhaust valve is
opened and release and “blow-down” of the cylinder
occur. The inlet valve is opened soon thereafter and the
influxing air passes through the cylinder, pushing the
products of combustion along in front of it, hence the
term “scavenging”. Finally, both the products of com-
bustion and usually a small protion of the scavenging
air, in that order, exit through the exhaust valve.

Now referring to FIG. 3 and the scavenging process
of the present invention, piston 10 has aimost reached
bottom dead center. Exhaust valve 14 1s open and re-
lease of the cylinder contents i1s occurring. Inlet valve
16 1s also shown in its open position and the scavenging
air enters combustion chamber 22 at a high velocity.
The orientation of inlet valve 16 to combustion cham-
ber 22 combined with the generally oblate shape and tilt
of the chamber produces an airflow pattern that con-
verges at first under inlet valve 24 and forms a colli-
mated flow downward into cylinder 12. The return-
flow scavenging scheme of the present invention differs
from that generally employed in the prior art in that the
scheme is reversed in direction, 1.€. it uses both inlet and
exhaust poppet valves located in the cylinder head.
Generally other return-flow scavenging schemes use
piston controlled cylinder wall ports located just above
the piston when the piston is located at its bottom dead
center position. As illustrated in FIG. 3 as a series of
arrows, according to the present invention, the scav-
enging air enters the cylinder in a converging stream
from the combustion cylinder located in the cylinder
head. In the tllustrated embodiments, the scavenging air
is directed toward and along cylinder wall 36.

After it reaches cylinder wall 36, the flow is directed
downward into the cylinder and attaches itself to the
cylinder wall due to the low pressure that exists perpen-
dicular to such a flow. Further, the wall supports the
flow and keeps it collimated in a single column and thus
prevents it from breaking up or forming wasteful turbu-
lences. The flow on reaching the piston 10 makes a 90
degree turn and flows under the exhaust products forc-
ing the exhaust gases up and out via the overhead ex-
haust valve(s) 14.

Prior return-flow scavenging schemes generally com-
mence at the piston or outer end of the cylinder, enter-
ing the cylinder in an essentially radial direction
through the inlet cylinder wall ports while the exhaust
gases leave through the cylinder wall exhaust ports. In
such scavenging schemes the inflowing air must be able
by some means t0 make a right-angle turn in order to
flow up into the cylinder—a difficult problem to face.
The elimination of cylinder wall ports offers several
additional advantages. The total engine size can be
reduced because there 1s no longer a need to provide air
passages surrounding the cylinder itself and therefore
the cylinders can be more closely packed. Also the
cylinder block i1s lower because a shorter piston and
connecting rod are used. These advantages combine to
make a two-cycle engine that is more compact and
lighter than those of the prior art.

The unique shape of chamber 22 along with its axial
orientation in respect to cylinder 12 is responsible for
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6

sweeping the internal solid surfaces with the scavenging
air throughout its entire travel. There is little opportu-
nity for the airflow to fragment into wasteful turbu-
lences, to short-circuit out through the exhaust valve or
to mix with the burned gases. During the latter part of
the scavenging process, the piston moves upward,
thereby contributing to the scavenging effectiveness by
reducing the cylinder volume and consequently assist-
ing in moving the combustion products up and out
through exhaust valve 14; subsequently, the exhaust
valve is closed while the inlet valve remains open and
the scavenging air continues to flow into the cylinder,
bringing its contents up to blower pressure (i.e. super-
charging) at which point the inlet valve is closed. Thus
the reversed return-flow scavenging process takes place
in an orderly and sequential manner.

Combustion chamber 22 is also specifically designed
for establishing the critical ranges of flow areas and
flow velocities that are crucial to maintaining maximum
engine efficiency. An “open’’-chamber system is gener-
ally preferred because it has the highest fuel economy
and is the easiest to start. As illustrated in FIG. 1, cham-
ber opening 28 communicates directly with cylinder 12;
the area of opening 28 being approximately onethird the
cross-sectional area of cylinder 12. In the preferred
embodiment, the radial diameter of chamber 22 ranges
from 45 percent to 55 percent of the radial diameter of
cylinder 12. Also, the volume of combustion chamber
22 preferably ranges approximately between 5 percent
to 6 percent of the cylinder displacement volume for
diesel engines and, if adapted for use in spark ignition
engines, between 12 percent to 16 percent. Further-
more, it is desirable, especially for diesel engines, for the
height of chamber 22 to be approximately 25 percent to
35 percent of the chamber diameter. The above dimen-
sions are not intended to be limiting, but are recited only
to illustrate the preferred embodiment of this invention.
It will be understood that variations in the above dimen-
sion ratios may be utilized 1in order to produce the de-
sired results.

FIG. 2 illustrates an alternate embodiment of the
present invention wherein the flow of scavenging air is
also directed away from the axial center of the cylinder
towards the cylinder wall 36 by the shape and curvature
of the combustion chamber wall adjacent to the cylin-
der center and exhaust valves. In certain engine designs
it is desirable to locate the fuel injector 24 on the oppo-
site side of the cylinder. In this arrangement with the
repositioning of the fuel injector, the combustion cham-
ber 22 and inlet valve 16 are tilted in an opposite direc-
tion from FIG. 1, as shown in FIG. 2. The flow of
scavenging air converges under the inlet valve as it
enters the cylinder, forming a single collimated column
that eventually fans out as it flows downward. The
scavenging efficiency is compromised somewhat in this
particular arrangement because a small volume space of
relatively low turbulence is formed along side the cylin-
der wall directly below combustion chamber opening
28. This particular embodiment, however, demonstrates
the versatility inherent in the new combustion chamber
design described above.

The displacer piston 50 of this invention is illustrated
in FIG. 4. As mentioned previously, the displacer piston
1s used to produce turbulence in the combustion cham-
ber. In this invention the displacer piston has two im-
portant additional functions; one, to adjust the compres-
sion ratio and two, it forms part of the combustion
chamber. In the first instance the advantage lies in the
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ability of the displacer type piston to reduce the clear-
ance volume within the combustion chamber so that a
larger inlet valve and larger flow passages can be uti-
lized. A larger inlet valve requires that a larger clear-
ance volume be provided beneath the inlet valve, but
this arrangement normally does not allow a high
enough compression ratio for the engine. Hence a dis-
placer piston is provided to reduce the clearance vol-
ume and thus increase the compression ratio accord-

ingly. In the second instance, recess 58 of displacer 54 10

forms the bottom half of the combustion chamber
which when viewed in combination with the top half of
the combustion chamber, located beneath the inlet
valve, forms a compact almost spherical chamber that
conforms to the shape of the fuel spray pattern.

As mentioned, an important use of the displacer is to
increase turbulence. It is now recognized that a high
degree of turbulence is essential, particularly in the
open or direct injection type combustion chamber, in
order to improve combustion, increase power and re-
duce fuel consumption. Additionally, high turbulence
produces smoother combustion ultimately resulting in a
quieter engine.

Still referring to FIG. 4, displacer piston 50 of the
present invention has a top surface 52 for supporting
displacer 54. The displacer can be made as part of the
piston oOr 1t can be made separately and secured to top
surface 52 by bolts or other securing means. Peripheral
wall 56 of displacer 54 extends upwardly defining recess
58. The floor of the recess can be either top surface 52
or additional depth may be provided by forming a cav-
ity in top surface 52. The overall configuration of the
displacer, in its preferred embodiment, corresponds to
that of the combustion chamber of the present inven-
tion. It will be understood, however, that the configura-
tion could be adapted to fit within almost any open
direct injection type combustion chamber.

Displacer 54, in the preferred embodiment, has an
external surface 60 with a diameter that is slightly
smaller than the interior diameter of combustion cham-
ber 22. As the piston moves upward and approaches its
top dead center position, displacer 54 is aligned with
combustion chamber 22 in such a manner that displacer
54 enters into the chamber. Recess 58 then forms the
“floor” of chamber 22 just prior to the firing of the
engine by the fuel injector. The volume of recess 58 as
defined by internal surface 62, is determined by the
degree of clearance volume reduction desired for any
one particular compression ratio. Peripheral wall 56 is
provided with an air notch 64 which permits the air that
1s squeezed between the piston and the cylinder head,
otherwise known as *‘squish™ air, to enter combustion
chamber 22 at a high velocity and with increased turbu-
lence. The degree of turbulence can be adjusted by
altering both the size and shape of air notch 64. It has
been determined that a modified venturi-shaped notch is
preferred or rather a notch that i1s shaped so as to pro-
duce a venturi effect when the displacer is combined
with the combustion chamber of the present invention.
Fuel injector notch 66 is also formed in peripheral wall
56 to enable displacer 54 to fit around the spray of the
fuel injector when the piston is located near top dead
center in its firing position.

The scavenging method of this invention, described
previously (see FIG. 3), can be effectively coordinated
with unsymmetrical timing, whereby an out-of-phase
relationship between the operation of inlet valve 16 and
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exhaust valve 14 is accomplished by the following se-
quence of steps:

(1) the opening of the exhaust valve precedes that of
the inlet valve by a predetermined number of crankshaft
degrees of rotation in order to allow the release of the
cylinder contents (*blow-down’) prior to the opening
of the inlet valve and the start of the scavenging pro-
cess, the optimum time to open the exhaust valve de-
pends on desired engine characteristics and the time
allowed for scavenging; however, 45 to 60 degrees
before the piston reaches bottom dead center is suitable
for the present invention.

(2) a predetermined interval later but still before the
piston reaches bottom dead center, the intake valve is
opened and the scavenging process begins as the new
charge 1s introduced into the engine through the com-
bustion chamber:; both inlet and exhaust valves remain
open for a predetermined length of time until the
burned gases have been forced out through the exhaust
valves:

(3) the exhaust valve is closed somewhat after the
piston has passed the bottom dead center position and
has commenced its upward stroke; and

(4) the inlet valve remains open for a brief period of
time allowing the blower pressure to increase the new
charge; then at a predetermined time, the inlet valve is
closed, the piston continues its upward stroke at which
point compression begins again and the cycle is re-
peated.

The unsymmetrical timing, characterized above is
made possible by the use of poppet valves for scaveng-
ing. It provides a wide range of possible valve timings
that is not essentially dictated by the position of the
pistons or the related position of the crankshaft. This
feature lends a flexibility to this invention that is not
available in other two-stroke cycle engines of the prior
art which employed cylinder ports or even in four-
stroke cycle engines. Furthermore, an even wider range
of valve timings may be selected by rotating the cam-
shaft angularly to a more retarded position relative to
the crankshaft, producing what is referred to as asym-
metric timing.

The improved scavenging efficiency and the unsym-
metrical timing of the present invention when combined
with a means for providing asymmetrical timing in-
creases the engine’s effective expansion ratio. It is most
often assumed that the expansion and compression ra-
tios are equal, however, this 1s generally not true. Usu-
ally the effective expansion ratio is reduced by two
ratios or more in regular compression ignition engines,
while in engines having a high compression ratio, the
expansion ratio is generally reduced by a factor of 4 or
more. It 1s known that a much greater effective expan-
sion ratio would improve engine efficiency. Many at-
tempts have been made to recover at least some of this
exhaust energy but none have been completely success-
ful. In the present invention, a simple and practical
means to improve the effective expansion ratio has been
devised without introducing complex modifications of
the engine design and without reduction in potential
engine power. In any case the object of carrying out a
more-complete-expansion is to improve upon the cycle
by extracting more work from the hot gases, thus im-
proving the efficiency.

Basically, the asymmetrical timing of this invention is
a combined mechanical and thermodynamic process
whereby a more-complete-expansion-cycle is achieved
in a two-stroke-cycle engine. This is accomplished by
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locating the inlet and exhaust valves in the cylinder
head and rotating the camshaft in relation to the crank-
shaft so that the valve timing is skewed about the bot-
tom dead center of the piston (see FIG. 5). The exhaust
valve is opened as close as practicable to bottom dead
center while the inlet valve is closed considerably after
bottom dead center. The late closing of the inlet valve
shifts the scavenging process so that the major portion
of it takes place after the piston reaches bottom dead
center. This represents a major difference from the
present state-of-the-art in two-cycle engine develop-
ment. This results in a greater expansion ratio relative to
the compression ratio because the effective expansion
stroke is somewhat increased while the compression
stroke is decreased. It is understood that this arrange-
ment reduces the potential cylinder charge that would
appear to reduce the power produced. However, com-
pensation for this is effected through improved thermo-
dynamic efficiency, the supercharge effect achieved,
and of course, operation on the two-stroke principle.

Any of the known approaches for selectively operat-
ing overhead valves may be employed to implement the
asymmetrical, unsymmetrical timing sequence of the
present invention.

The differences between the valve timing of the pres-
ent invention and that of the prior art are illustrated
more clearly in FIG. 5. FIG. 5(a) represents the timing
of a typical port scavenging two-cycle engine of the
prior art resulting from piston controlled inlet and ex-
haust ports where the exhaust ports open first and close
last, each opening and closing occurring the same num-
ber of degrees from bottom dead center, hence the term
symmetrical timing. In port scavenging, the piston acts
as a slide valve whereby its motion opens and closes the
ports. The weakness of this design is the loss of cylinder
charge out through the open exhaust port after the inlet
port is closed; further, the timing of this type of engine
is severely limited and the design is now nearly obso-
lete.

FIG. 5(b) shows an unsymmetrical timing diagram in
which the exhaust valve both opens and closes before
the inlet valve. It is different from other unsymmetrical
timed engines in that there are no piston controlied
ports in this invention, therefore the opening and clos-
ing sequences are selectively and completely indepen-
dent of one another.

A major advantage in the unsymmetrical valve tim-
ing of the present invention is that the most optimum
arrangement can be selected without being completely
dictated by the movement of the piston. Also, the pres-
ent invention offers a greater latitude with respect to
possible valve-timing combinations. The use of valves
instead of cylinder wall ports offers the additional ad-
vantage of being able to eliminate the need for symmet-
rically timing the inlet and exhaust phases of the com-
bustion cycle. Further, and most importantly, unsym-
metrical timing allows charge restoration to the cylin-
der or supercharging as desired by bringing the new
charge up to blower pressure. This represents at least a
50% charge increase over that of the symmetrically
timed engine.

By way of explanation, there are many heavy duty
return-flow, port scavenging symmetrically timed en-
gines that achieve, in effect, unsymmetrical timing. In
most cases this is done by blocking off one or more sets
of ports in such sequences as to produce this effect. This
approach, however, is far too expensive and compli-
cated for the small engine manufacturer. Moreover, this
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type of engine is larger and heavier than that of the
present invention and not as efficient.

FIG. 5(c) is a diagram showing unsymmetrical timing
which has been skewed about bottom dead center in a
more retarded fashion, producing what in this descrip-
tion is referred to as asymmetrical valve timing. This
arrangement makes possible the more-complete-expan-
sion cycle where the expansion stroke is increased and
the compression stroke is reduced relative to each
other. Thus more work is extracted from the cycle in
respect to the amount of fuel consumed.

FIG. 5(d) is the same as FIG. §(c) but illustrates the
effective timing as related to piston motion rather than
in (¢) where the shown timing is related to crankshaft
degrees. This demonstrates how little of the piston
stroke is actually taken up by the scavenging process.

By these means, the two-cycle engine of the present
invention has a high specific output and when com-
pared to normally aspirated four-cycle engines will
produce 1.5 to 1.75 times more power for the same
RPM and engine displacement. Furthermore, utilizing
the asymmetrical timing of the present invention pro-
duces 1.2 to 1.3 times more power than that produced
by supercharged four-cycle engines.

From the foregoing, many of the advantages of this
subject invention are now clear. Perhaps the most im-
portant advantage to the above invention is the in-
creased efficiency of the entire scavenging process as
accomplished by the configuration and orientation of
the combustion chamber along with the new displacer
piston design and associated range of valve timings.

It will be appreciated by those familiar with the art
that the above described invention has been described in
terms of the preferred embodiments and that various
changes can be made without departing from the intent
of this invention which is intended only to be limited by
the appended claims.

What I claim is:

1. An improved two-cycle internal combustion en-
gine comprising:

a cylinder;

a cylinder head having an exhaust valve and an open
type combustion chamber located therein, said
chamber and exhaust valve being located in side-
by-side relationship on opposite sides of a central

axis of the cylinder;
an air inlet valve located within and in the top of the

combustion chamber, said inlet valve having a
valve stem located overhead said cylinder;

a piston reciprocally disposed within the cylinder;

means for converging a flow of scavenging air be-
neath the inlet valve into a colimated column as 1t
enters the cylinder, said converging means com-
prising the combustion chamber having a generally
oblate configuration with sides converging down-
wardly to form an opening which overlies the
cylinder, the combustion chamber having diametri-
cally opposed sides with predetermined different
angles of curvature; and

wherein the inlet valve and the combustion chamber
are coaxially aligned and oriented to the central
axis of the cylinder at a predetermined angle and
wherein the flow of scavenging air is directed
toward and along an inside wall of the cylinder,
said inside wall being on the same side of the cylin-
der axis as the combustion chamber.

2. The engine of claim 1 further comprising a fuel

injector located adjacent to the combustion chamber
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and oriented with respect to the cylinder axis at an
angle equal approximately to said predetermined angle
plug 90°.

3. The engine of claim 2 wherein the opening of the
combustion chamber has an area equal approximately to
one-third of the cross-sectional area of the cylinder.

4. The engine of claim 3 wherein said injector com-
prises a single orifice nozzle type fuel injector, said inlet
and exhaust valves compnise poppet valves, and
wherein said exhaust valve has a lower face which is
substanttally flush with the underside of the cylinder
head when the exhaust valve is closed.

5. The engine of claim 4 wherein the inlet and exhaust
valves are operated in accordance with an asymmetric,
unsymmetric timing sequence such that the major por-
tion of scavenging occurs after the piston reaches a
bottom dead center position.

6. The engine of claim § wherein said piston com-
prises a displacer piston.

7. The engine of claim 6 wherein said displacer piston
comprises:

a piston having a top surface; and

a displacer supported on said top surface for project-

ing into the combustion chamber when the piston
nears a top dead center position.

8. The engine of claim 7 wherein said displacer com-
prises an upwardly extending peripheral wall surround-
ing a recess, the recess being of a generally hemispheri-
cal configuration and forming the floor of the combus-
tion chamber when the piston is in its firing position.

9. the engine of claim 8 wherein the wall of the dis-
placer includes a first notch therethrough configured to
induce a high degree of turbulence in the combustion
chamber.

10. The engine of claim 9 wherein said first notch is
configured to produce a venturi effect in the combus-
tion chamber.

I1. The engine of claim 10 wherein the wall of the
displacer i1s provided with a second notch facilitating
entry of spray from the fuel injector into the combus-
tion chamber when the piston is located in the vicinity
of said top dead center position.

12. The engine of claim 1 wherein said piston com-
prises a displacer piston.

13. The engine of claim 12 wherein said displacer
piston comprises:

a piston having a top surface; and

a displacer supported on said top surface for project-

ing into the combustion chamber when the piston
nears a top dead center position.

14. The engine of claim 13 wherein said displacer
comprises an upwardly extending peripheral wall sur-
rounding a recess, the recess being of a generally hemi-
spherical configuration and forming the floor of the
combustion chamber when the piston is in its firing
position.

15. The engine of claim 14 wherein the wall of the
displacer includes a first notch therethrough configured
to induce a high degree of turbulence in the combustion
chamber.

16. The engine of claim 15 wherein said first notch is
configured to produce a venturi effect in the combus-
tion chamber.

17. The engine of claim 16 wherein the wall of the
displacer is provided with a second notch facilitating
entry of spray from the fuel injector into the combus-
tion chamber when the piston is located in the vicinity
of said top dead center position.

10

£S5

20

25

30

35

43

50

535

635

12

18. A two-cycle internal combustion engine, comprising

(@) an engine block containing at least one cylinder
cavity defined in part by a cylindrical sidewall;

(b) a piston mounted for reciprocal movement within
said cylinder cavity;

(c) an engine head positioned across one end of said
cylinder cavity to define a cylinder cavity end wall,
said head containing an open combustion chamber
communicating directly with said cylinder cavity
through a combustion chamber outlet opening con-
tained in said cylinder cavity end wall, said combus-
tion chamber outlet opening being radially offset with
respect to the central axis of said cylinder cavity and
immediately adjacent one portion of the perimeter of
said end wall;

(d) at least one inlet valve and one exhaust valve
mounted within said head, said inlet valve being posi-
tioned within said combustion chamber; and

(e) valve actuating means for operating said inlet and
exhaust valves in timed sequence with said piston
motion to produce two cycle engine operation includ-
ing a scavenging period during which said valves are
both open to produce a reverse-return-flow of scaveng-
ing air through said cylinder cavity; wherein the loca-
tion of said inlet valve within said combustion cham-
ber is selected and said combustion chamber is shaped
in parts with predetermined differing radii of curva-
ture such that air admitted into said combustion
chamber by said inlet valve is collected and directed
into a converged, single column, collimated air stream
passing through said combustion chamber outlet open-
ing Iinto said cylinder cavity axially along and closely
adjacent the axial portion of said cylindrical sidewall
which extends axially away from said one portion of
the perimeter of said end wall, and wherein said open-
ing is shaped and is sufficiently large in size to cause
said collimated air stream to proceed axially along
said axial portion of said cylindrical sidewall and to
have a sufficient flow area and flow velocity to remain
unbroken and substantially collimated until it reaches
said piston and to cause said scavenging air stream to
sweep the internal solid surfaces of said cylinder cav-
ity.

19. An engine as defined in claim 18, wherein said inlet
valve is a poppet valve, said combustion chamber walls
contain a valve seat against which said poppet valve head is
moved when said poppet valve is closed, at least one perime-
ter edge of said valve seat being positioned in substantial
axial alignment with said one portion of the perimeter of
said end wall.

20. An engine as defined in claim 19, wherein said inlet
valve seat is positioned within the radial extent of said
cylinder cavity.

21. An engine as defined in claim 19, wherein the head
of said inlet poppet valve is moved away from said valve seat
into said combustion chamber when said inlet poppet valve
is opened, said head of said inlet poppet valve residing
within the radial extent of said cylinder cavity when in its
open position.

22. An engine as defined in claim 18, wherein said com-
bustion chamber is located substantially entirely within the
radial extent of said cylinder cavity.

23. An engine as defined in claim 18, wherein said inlet
valve is a poppet valve having a central axis which is ort-
ented at a non-parallel angle with respect to the central
axis of said cylinder cavity.
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24. An engine as defined by claim 23, wherein the cen-
tral axis of satd inlet valve and said cylinder cavity inter-
sect.

25. An engine as defined in claim 24, wherein a pair of
exhaust valves are positioned on a side of said cylinder
cavity opposite of said inlet valve relative to the central axis
of said cylinder cavity.

26. An engine as defined in claim 24, wherein the stem
of said inlet poppet valve extends from the head of said inlet
poppet valve away from said central axis of said cylinder
cavity.

27. An engine as defined in claim 24, wherein said angle
of intersection is approximately 20 degrees.

28. An engine as defined in claim 21, wherein said inlet
valve is a poppet valve having a central axis which is ori-
ented at a non-parallel angle with respect to the central
axis of said cylinder cavity.

29. An engine as defined in claim 28, wherein the central
axis of said inlet valve and said cylinder cavity intersect.

30. An engine as defined by claim 29, wherein the stem
of said inlet poppet valve extends from the head of said inlet
poppet valve away from said central axis of said cylinder
cavity.

31. An engine as defined in claim 18, wherein said com-
bustion chamber outlet opening has an area equal to ap-
proximately one-third of the cross sectional area of said
cylinder cavity.

32. An engine as defined in claim 18, wherein said com-
bustion chamber has a radial diameter which is greater
than about 45 percent of the radial diameter of said cylin-
der cavity.

33. An engine as defined in claim 18, wherein said com-
bustion chamber has a radial diameter which is less than
35 percent of the radial diameter of said cylinder cavity.

34. An engine as defined in claim 18, wherein said com-
bustion chamber has an extent in the axial direction of said
cylinder cavity of greater than 25 percent of the diameter of
the cylinder cavity.

35. An engine as defined in claim 18, wherein said com-
bustion chamber has an extent in the axial direction of said
cylinder cavity of less than 35 percent of the diameter of the
cylinder cavity.

36. An engine as defined in claim 18, wherein said com-
bustion chamber has a volume greater than 5 percent of the
displacement volume of said piston in said cylinder cavity.

37. An engine as defined in claim 18, wherein said com-
bustion chamber has a volume less than 16 percent of the
displacement volume of said piston in said cylinder cavity.

38, An engine as defined in claim 18, wherein said com-
bustion chamber has a volume between 5 and 6 percent of
the displacement volume of said piston in said cylinder
cavity when said engine is operated as a diesel engine.

39. An engine as defined in claim 18, wherein said com-
bustion chamber has a volume of between 12 and 16 per-
cent when said engine is operated as a spark ignition en-
gine.

40. An engine as defined in claim 18, wherein said com-
bustion chamber and said exhaust valve are positioned on
opposite sides of the cylinder cavity central axis.

41. An engine as defined in claim 30, wherein said com-
bustion chamber outlet opening has an area equal to ap-
proximately one-third of the cross sectional area of said
cylinder cavity.

42. An engine as defined in claim 30, wherein said com-
bustion chamber has a radial diameter which is greater
than 45 percent of the radial diameter of said cylinder
cavity.
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43. An engine as defined in claim 30, wherein said com-
bustion chamber has a radial diameter which is less than
53 percent of the radial diameter of said cylinder cavity.

44. An engine as defined in claim 30, wherein said com-
bustion chamber has an extent in the axial direction of said

- cylinder cavity of greater than 23 percent of the diameter of

the cylinder cavity.

45. An engine as defined in claim 30, wherein said com-
bustion chamber has an extent in the axtal direction of said
cylinder cavity of less than 35 percent of the diameter of the

cyvlinder cavity.
46. An engine as defined in claim 30, wherein said com-

bustion chamber has a volume greater than 5 percent of the
displacement volume of said piston in said cylinder cavity.

47. An engine as defined in claim 30, wherein said com-
bustion chamber has a volume less than 16 percent of the
displacement volume of said piston in said cylinder cavity.

48. An engine as defined in claim 30, wherein said com-
bustion chamber has a volume between 5 and 6 percent of
the displacement volume of said piston in said cylinder
cavity when said engine is operated as a diesel engine.

49. An engine as defined in claim 30, wherein said com-
bustion chamber has a volume of between 12 and 16 per-
cent when said engine is operated as a spark ignition en-
gine.

50. An engine as defined in claim 30, wherein said com-
bustion chamber and satd exhaust valve are positioned on
opposite sides of the cylinder cavity central axis.

51. An engine as defined in claim 18, wherein said valve
actuating means includes variable timing means for vary-
ing the timing of opening and closing of at least one of said
inlet and exhaust valves relative to the reciprocal motion of
said piston.

52. An engine as defined in claim 51, wherein said piston
is connected with a crankshaft and said valve actuating
means includes a camshaft rotationally driven by said
crankshaft and having cams for operating said inlet and
exhaust valves, and wherein said variable timing means
includes means for rotating said camshaft with respect to
said crankshaft in order to change the timing of opening
and closing of said inlet and exhaust valves simultaneously
relative to the reciprocal motion of said piston.

53. An engine as defined in claim 52, wherein said valve
actuating means Is designed to produce unsymmetric vaive
timing of said valves by opening and closing said valves at
different crank angles before and after the bottom dead
center position of said piston, respectively.

54. An engine as defined in claim 33, wherein said valve
actuating means is designed to open said exhaust valve
before opening said inlet valve and for closing said exhaust
valve before closing said inlet valve to achieve blow down
and supercharging of said cylinder cavity.

55, An engine as defined in claim 54, wherein said valve
actuating means is designed to produce asymmetric valve
timing by skewing the opening and closing of said valves in
a retarded direction with respect to the bottom dead center

position of said piston in order to lengthen the power stroke

and shorten the compression stroke.

56. An engine as defined in claim 18, wherein said valve
actuating means is designed to produce unsymmetric valve
timing of said valves by opening and closing said valves at
different crank angles before and after the bottom dead

_ center position of said piston, respectively.

65

57. An engine as defined in claim 56, wherein said valve
actuating means is designed to open said exhaust valve
before opening said inlet valve and for closing said exhaust
valve before closing said inlet valve to achieve blow down
and supercharging of said cylinder cavity.
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J8. An engine as defined in claim 57, wherein said vaive
actuating means Is designed to produce asymmetric valve
timing by skewing the opening and closing of said valves in
a retarded direction with respect to the bottom dead center
position of said piston in order to lengthen the power stroke
and shorten the compression stroke.

59. An engine as defined in claim 30, wherein said piston
is connected with a crankshaft and said valve actuating
means includes a camshaft rotationally driven by said
crankshaft and having cams for operating said inlet and
exhaust valves, and wherein said variable timing means
includes means for rotating said camshaft with respect to
said crankshaft in order to change simultaneously the
timing of opening and closing of said inlet and exhaust
valves relative to the reciprocal motion of said piston and
wherein said variable timing means is designed to produce
asymmetric valve timing by skewing the opening and clos-
ing of said valves in a retarded direction with respect to the
bottom dead center position of said piston in order to
lengthen the power stroke and shorten the compression
stroke.

60. An engine as defined in claim 30, wherein said valve
actuating means includes variable timing means for vary-
ing the timing of opening and closing of at least one of said
inlet and exhaust valves relative to the reciprocal motion of
said piston.

61. An engine as defined in claim 60, wherein said piston
is connected with a crankshaft and said valve actuating
means includes a camshaft rotationally driven by said
crankshaft and having cams for operating said inlet and
exhaust valves, and wherein said variable timing means
includes means for rotating said camshaft with respect to
said crankshaft in order to change the timing of opening
and closing of said inlet and exhaust valves simultaneously
relative to the reciprocal motion of said piston.

62. An engine as defined in claim 61, wherein said valve
actuating means is designed to produce unsymmetric valve
timing of said valves by opening and closing said valves at
different crank angles before and after the bottom dead
center position of said piston, respectively.

63. An engine as defined in claim 62, wherein said valve
actuating means is designed to open said exhaust valve
before opening said inlet valve and for closing said exhaust
valve before closing said inlet valve to achieve blow down
and supercharging of said cylinder cavity.

64. An engine as defined in claim 63, wherein said valve
actuating means is designed to produce asymmetric valve
timing by skewing the opening and closing of said valves in
a retarded direction with respect to the bottom dead center
position of said piston in order to lengthen the power stroke
and shorten the compression stroke.

65. An engine as defined in claim 30, wherein said valve
actuating means Is designed to produce unsymmetric valve
timing of said valves by opening and closing said valves at
different crank angles before and after the bottom dead
center position of said piston, respectively.

66. An engine as defined in claim 65, wherein said valve
actuating means is designed to open said exhaust valve
before opening said inlet valve and for closing said exhaust
valve before closing said inlet valve to achieve blow down
and supercharging of said cylinder cavity.

67. An engine as defined in claim 66, wherein said valve
actuating means is designed to produce asymmetric valve
timing by skewing the opening and closing of said valves in
a retarded direction with respect to the bottom dead center
position of said piston in order to lengthen the power stroke
and shorten the compression stroke.
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68. An engine as defined in claim 30, wherein said piston
is connected with a crankshaft and said valve actuating
means includes a camshaft rotationally driven by said
crankshaft and having cams for operating said inlet and
exhaust valves, and wherein said variable timing means
includes means for rotating said camshaft with respect to
said crankshaft in order to change the timing of opening
and closing of said inlet and exhaust valves simultaneously
relative to the reciprocal motion of said piston and wherein
said variable timing means is designed to produce asym-
metric valve timing by skewing the opening and closing of
said valves in a retarded direction with respect to the bot-
tom dead center position of said piston in order to lengthen
the power stroke and shorten the compression stroke.

69. A two-cycle internal combustion engine, comprising

(@) an engine block containing at least one cylinder
cavity defined in part by a cylindrical sidewall;

(b) a piston mounted for reciprocal movement with in
said cylinder cavity;

(¢c) an engine head positioned across one end of said
cylinder cavity to define a cylinder cavity end wall,
said head containing a non-spherical open combustion
chamber communicating directly with said cylinder
cavity through a combustion chamber outlet opening
contained in said cylinder cavity end wall, said com-
bustion chamber outlet opening being radially offset
with respect to the central axis of said cylinder cavity
and immediately adjacent one portion of the perime-
ter of said end wall;

(d) at least one inlet valve and one exhaust valve
mounted within said head, said inlet valve being posi-
tioned within said combustion chamber; and

(e) valve actuating means for operating said inlet and
exhaust valves in timed sequence with said piston
maotion to produce two cycle engine operation includ-
ing a scavenging period during which said valves are
both open to produce a reverse return flow of scaveng-
ing air through said cylinder cavity;

wherein the location of said inlet valve within said com-
bustion chamber is selected and said combustion
chamber is shaped such that air admitted into said
combustion chamber by said inlet valve is collected
and directed into a collimated air stream passing
through said combustion chamber outlet opening into
said cylinder cavity axially along and closely adjacent
the axial portion of said cylindrical sidewall which
extends axially away from said one portion of the
perimeter of said end wall,

wherein said opening is shaped and is sufficiently large
in size to cause said collimated air stream to proceed
axially along said axial portion of said cylindrical
sidewall and to have a sufficient flow area and flow
velocity to remain unbroken and substantially colli-
mated until it reaches said piston and to cause said
scavenging air stream to sweep the internal solid sur-
faces of said cylinder cavity; and

wherein said inlet valve is a poppet valve having a valve
head located in said combustion chamber and having
a valve stem extending from said combustion chamber
in a non-parallel direction with respect to the central
axis of said cylinder cavity, said combustion chamber
walls contain a valve seat against which said poppet
valve head is moved when said poppet valve is closed,
at least one perimeter edge of said valve seat being
positioned in substantial axial alignment with said
one portion of the perimeter of said end wall.
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70. An engine as defined in claim 69, wherein said inlet
valve seat is positioned within the radial extent of said
cylinder cavity.

71. An engine as defined in claim 69, wherein the head
of said inlet poppet valve is moved away from said valve seat
into said combustion chamber when said inlet poppet valve
is opened, said head of said inlet poppet valve residing
within the radial extent of said cylinder cavity when in its
open position.

72. An engine as defined by claim 69, wherein the cen-
tral axis of said inlet valve and said cylinder cavity inter-
sect.

73. An engine as defined by claim 72, wherein the stem
of said inlet poppet valve extends from the head of said inlet
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poppet valve away from said central axis of said cylinder 15

cavity.

74. A two-cycle internal combustion engine, comprising

(@) an engine block containing at least one cylinder
cavity defined in part by a cylindrical sidewall;

(&) a piston mounted for reciprocal movement within
said cylinder cavity;

(¢) an engine head positioned across one end of said
cylinder cavity to define a cylinder cavity end wall,
said head containing an open combustion chamber
communicating directly with said cylinder cavity
through a combustion chamber outlet opening con-
tained in said cylinder cavity end wall, said combus-
tion chamber outlet opening being radially offset with
respect to the central axis of said cylinder cavity and

20

23

immediately adjacent one portion of the perimeter of 30

said end wall;

(d) at least one inlet valve and one exhaust valve
mounted within said head, said inlet valve being posi-
tioned within said combustion chamber; and

(e) valve actuating means for operating said inlet and
exhaust valves in timed sequence with said piston
motion to produce two cycle engine operation includ-
ing a scavenging period during which said valves are
both open to produce a reverse-return-flow of scaveng-
ing air through said cylinder cavity;

wherein the location of said inlet valve within said com-
bustion chamber is selected and said combustion
chamber is shaped such that air admitted into said
combustion chamber by said inlet valve is collected
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and directed into a collimated air stream passing
through said combustion chamber outlet opening into
said cyinder cavity axially along and closely adjacent
the axial portion of said cylindrical sidewall which
extends axially away from said one portion of the
perimeter of said end wall,

wherein said opening is shaped and is sufficiently large

in size to cause said collimated air stream to proceed
axially along said axial portion of said cylindrical
sidewall and to have a sufficient flow area and flow
velocity to remain unbroken and substantially colli-
mated until it reaches said piston and to cause said
scavenging air stream to sweep substantially all of the
internal solid surfaces of said cylinder cavity; and
wherein said valve actuating means includes variable
timing means for varying the timing of opening and
closing of at least one of said inlet and exhaust valves
relative to the reciprocal motion of said piston.

75. An engine as defined in claim 74, wherein said piston
is connected with a crankshaft and said valve actuating
means includes a camshaft rotationally driven by said
crankshaft and having cams for operating said inlet and
exhaust valves, and wherein said variable timing means
includes means for rotating said camshaft with respect to
said crankshaft in order to change the timing of opening
and closing of said inlet and exhaust valves simultaneously
relative to the reciprocal motion of said piston.

76. An engine as defined in claim 74, wherein said valve
actuating means is designed to produce unsymmetric valve
timing of said valves by opening and closing said valves at
different crank angles before and after the bottom dead
center position of said piston, respectively.

77. An engine as defined in claim 76, wherein said valve
actuating means is designed to open and close said exhaust
valve before opening and closing, respectively, said inlet
valve to achieve blow down and supercharging of satd cylin-
der cavity.

78. An engine as defined in claim 77, wherein said valve
actuating means is designed to produce asymmetric valve
timing by skewing the opening and closing of said valves in
a retarded direction with respect to the bottom dead center
position of said piston in order to lengthen the power stroke

and shorten the compression stroke.
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