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In support of the Application made by ORBITAL ENGINE COMPANY 
PROPRIETARY LIMITED for a Patent for an invention entitled:
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2. ROBERT MAX DAVIS, of 137 Crawford Road, Maylands, 6051, Western 
I · * ” Australia, Australia, and CHRISTOPHER KIM SCHLUNKE of 6 Tanah Close,
; Kingsley, 6026, Western Australia, Australia,
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; are the actual inventors of the invention and the facts upon which

ORBITAL ENGINE COMPANY PROPRIETARY LIMITED is entitled to make the
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) The said ORBITAL ENGINE COMPANY PROPRIETARY LIMITED is entitled to
have assigned to them any patent that is granted in respect of the
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1’. A two stroke cycle internal combustion engine
having a cylinder, a cylinder head at one end of the 

cylinder, a piston mounted for reciprocation in the 
cylinder, and an inlet port and an exhaust port in the wall 
of the cylinder at substantially diametrically opposite 
locations in the cylinder, said ports being opened and 
closed in timed relation by the reciprocating piston, a 
cavity in the cylinder head extending in a generally 
diametral direction from adjacent the cylinder wall at a 
location opposite the exhaust port, an injector nozzle 

opening in the base of the cavity from which fuel may be 
injected into the cylinder, the cavity having substantially 
parallel straight side edges in the direction of extension 
spaced apart a distance of 0.35 to 0.65 of the diameter of 
the cylinder,and the longitudinal length of the cavity in
said direction of extension being 0.55 to 0.77 of the 
diameter of the cylinder.
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Improvements Relating to two Stroke Cycle
Internal Combustion Engines

The invention relates to two stroke cycle 
combustion engines and in particular relates to the 
fuel/air preparation within such an engine.

In the control of contaminants in the exhaust 
from an internal combustion engine it is desirable to 
obtain effective distribution of the fuel in the 
dilutent charge within the cylinder, the dilutent 
charge being made up of air or, a mixture of air and 
retained exhaust gas. However in this preparation of 
the combustible charge by the introduction of fuel to 
the dilutent charge it is desirable to prevent the 
fuel being distributed to parts of the combustion 
chamber distant from the point of ignition so as to 
create local fuel/air/exhaust gas mixture ratios which 
are too lean. Combustible lean mixtures promote the 
production of NOx as combustion is taking place in an 
oxident rich mixture, and non-combustible lean 
mixtures lead to the emission of hydrocarbons in the 
form of unburnt fuel in the exhaust gas.

It has previously been proposed to endeavour 
to control the distribution of fuel in a premixed 
charge engine by controlling the movement of the 
charge within the combustion chamber so that a degree 
of stratification of the fuel is obtained. This 
control of the premixed charge is difficult to obtain 
in a two stroke cycle engine as the gas movements in 
the combustion chamber are complex, and may experience 
many changes within that part of the engine cycle 
during which the air and fuel mixture is entering the 
combustion chamber at the same time as the exhaust gas 
is leaving the chamber.
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In United States Patent No. 3817227 by Oniski 
there is proposed to control the degree of, and 
generally prevent mixing of the incoming premixed 
fuel/air charge with the exhaust gas in the cylinder 
in order to avoid dilution of the fuel/air mixture and 
resultant leaning out thereof. It is also proposed to 
impart a circular motion to the incoming premixed 
charge so that some fuel in that mixture will tend to 
migrate radially towards the periphery of the rotating 
charge due to centrifugal forces. However this 
disclosure appears to indicate that the fuel will only 
migrate in the direction towards the cylinder head, 
and ignores the fact that if centrifugal migration 
does occur it will occur in all radial directions. 
Accordingly, it is difficult to believe as suggested 
in the patent specification that the circular motion 
will establish a fuel rich mixture only in the region 
of the point of ignition in the cylinder.

It is believed that, in view of the complex . 
nature of the gas flow in the combustion chamber of a 
two stroke cycle engine during charging and exhaust, a 
sufficiently stable rotational motion could not be 
established to effect centrifugal migration of the 
fuel as proposed by Oniski. Further, if such 
fuel migration did occur it would result in fuel 
enrichment over the complete periphery of the rotating 
charge, and so fuel rich portions of the charge would 
be located both close to and remote from the ignition 
point. This would lead to a reduction in
fuel efficiency, and coulH result in an increase in 
unburnt fuel with increased hydrocarbon in the exhaust 
gas .

It is therefore the object of the present 
invention to provide a two stroke cycle internal 
combustion engine construction that improves the

1
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preparation of the fuel and air mixture and control 
the distribution thereof in the engine cylinder so as 
to enhance the control of emissions in the exhaust 
gas.

In accordance with the invention there is 
provided a two stroke cycle internal combustion engine 
having a cylinder, a cylinder head at one end of the 
cylinder, a piston mounted for reciprocation in the 
cylinder, and a inlet port and an exhaust port in the 
wall of the cylinder at substantially diametrically 
opposite locations in the cylinder, said ports being 
opened and closed in time relation by the
reciprocating piston, a cavity in the cylinder head 
extending in a generally diametral direction from 
adjacent the cylinder wall at a location opposite the 
exhaust port, an injector nozzle opening in the base 
of the cavity from which fuel may be injected into the 
cylinder, the cavity having substantially parallel 
straight side edges in the direction of extension 
spaced apart a distance of 0.35 to 0.65 of the 
diameter of the cylinder, and the longitudinal length 
of the cavity in said direction of extension being 
0.55 to 0.77 of the diameter of the cylinder.

The longitudinal length of the cavity is 
preferably 0.55 to 0.68 of the diameter of the 
cylinder.

Preferably the bottom of the cavity is a 
continuous smooth surface with the cavity having a 
maximum depth of about 0.25 to 0.55 of the diameter of 
the cylinder, preferably about 0.35 to 0.45. 
Conveniently the ratio of length of the cavity in the 
direction of_______________________________________
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direction of extension thereof to the maximum depth of the cavity is in 
the range of about 1 to 3, preferably above 1.5 and preferably below 
2.5

In determining the depth of the cavity the measurement is made 
from the diametral plane of the cylinder where the head abuts the end 
of the cylinder. In this regard. it is to be understood that the 
cylinder head does not necessarily directly abut the cylinder but a 
conventional gasket may be located therebetween. Also it is to be 
understood that the face of the cylinder head in which the cavity is 
provided may be of a generally shallow concave shape as viewed from the 
cylinder. The concave face extends substantially to the diameter of 
the cylinder at the plane where the cylinder head joins the cylinder. 
The concave face is preferably part spherical, conveniently with a 
centre located on the axis of the cylinder when the head is assembled 
to the cylinder. The radius of the part spherical concave face may be 
of the order of 1.5 to 1.8 times the diameter of the cylinder.

In a preferred form trie cavity has a bottom surface extending 
between the side walls of the cavity, that is in a generally continuous 
curve in the direction of extent of the cavity with the deeper part 
substantially arcuate blending smoothly with near straight parts at 
each end that extend to the face of the cylinder head. The bottom 
surface at the exhaust port end of the cavity is steeply inclined to 
the face of the cylinder head and is preferably substantially normal to 
the diametral plane of the cylinder where it meets the cylinder head 
face. The other near straight part of the cavity bottom surface is 
less steeply inclined, the inclination resulting in that other end of 
the bottom surface meeting the face of the cylinder head adjacent the 
upper end of the wall of the cylinder. The deeper arcuate part of the 
cavity may be of a radius'of about 0.3 of the diameter of the cylinder 
and preferably is in the range of 0.2 to 0.35. The radius of the 
arcuate part is preferably less than the depth of the cavity at the 
deepest point. The shape of the bottom of the cavity, and particularly 
the substantially arcuate portion at the end opposite to the inlet port 
of the cylinder, promotes the establishment of a rotating or swirling 
motion of the charge about an axis transverse to the longitudinal 
direction of the cavity. Considered in more detail the air entering 
the cylinder is directed upwardly into the cavity at the end adjacent
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the cylinder wall. The shape of the base of the cavity smoothly 
directs this air flow into the arcuate part of the cavity base where 
the air flow is turned back into the cylinder. However the air flow 
tends to continue in the circular path developed by the movement along 
the arcuate part of the cavity base, and so air flows back across the 
cylinder to re-enter the cavity at the other end.

Initially the air flow is in a circular path of relative large 
diameter, and lew speed, however as the piston moves upwardly in the 
cylinder after port closure the diameter is reduced and the speed 
increased.

Fuel is injected into the cylinder in a generally diametral 
direction through the rotating air charge, and a spark plug is located 
in the path of the air flow downstream from the injection location and 
within the cavity. This relation provides a fuel rich, mixture at the 
spark plug for initiation of combustion and the rotary motion of the 
air feeds fuel from the injection point to the spark plug to maintain 
combustion. In addition the rotary motion of the air will carry fuel 
from the engine cylinder back into the cavity to the area of 
combustion.

It is also to be noted that the direction of rotation of the air 
in the cylinder promotes the movement of the air and the fuel away from 
the exhaust port toward the opposite side of the cylinder. This 
reduces the dilution of the fuel/air mixture by exhaust gases and so 
maintains a richer more combustible mixture. It also reduces the loss 
of fuel through the exhaust port.

Conveniently side walls of the cavity, extending from said 
parallel side edges are generally at right angles to the diametral 
plane of the cylinder, or at least steeply inclined thereto, to promote 
retention and restrict lateral spilling of the charge therefrom. 
Preferably the surface of the cylinder head adjoining the cavity is 
slightly inclined to the axis of the cylinder as provided by a concave
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face on the cylinder head as previously discussed. This configuration 
of the under surface of the cylinder head establishes a gas flow 
towards the cavity as the piston rises in the cylinder, to contribute 
to the maintenance and/or promote the swirling movement of the charge 
in the cavity and to assist in retention of the charge in the cavity or 
at least in the area of the cylinder remote from the exhaust port.

The width of the cavity between the side walls is preferably 
about 0.5 of the cylinder diameter and may vary in the range of about 
0.35 to 0.65 of the cylinder diameter.

The cavity in the cylinder head is preferably located 
substantially symmetric with respect to the axial plane of the cylinder 
through the centre of the opposed inlet and exhaust ports. The cavity 
extends in the direction across the cylinder from substantially the 
cylinder wall immediately above the inlet port, to a distance past the 
cylinder centre.

Conveniently the fuel is injected into the cavity on a 
trajectory to intersect the direction of the swirling charge. The fuel 
is preferably injected at. approximately the centre of the arcuate base 
of the cavity, the spark plug being positioned in the cavity to be in 
the path of the swirling charge downstream of the point of injection of 
the fuel.

In addition to the inlet port opposite the exhaust port, further 
inlet ports may be provided, on either side thereof. The additional 
inlet ports being arranged so that the charge entering the cylinder 
therethrough is directed towards the charge entering via the central 
inlet port, as well as being directed upward towards the cavity in the 
cylinder head.

It has been found that by locating the major part of the cavity 
in the cylinder head on the side of the cylinder opposite to that in 
which the exhaust port is located assists in limiting the migration of 
the fresh charge into 'the exhaust gas being expelled from or retained 
in the combustion chamber. Also the steepness of the bottom surface of 
the cavity at the inner end thereof and the upward movement of the 
charge ahead of the piston after exhaust and inlet port closure 
promotes retention of the fresh charge in the cylinder head cavity.

The retention of the fresh charge in the cavity, with the fuel
being injected into the cavity, provides a highly ignitable charge due

4
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principally to the high oxidant content of the charge. It has been 
found that if' the cavity extends across the cylinder beyond the limits 
previously specified the exhaust gas content of the charge in the 
cavity increases to a level to adversely affect the ignitability of the 
charge particularly at light load and/or low speed operation of the 
engine.

The limits specified in the width of the cavity are of 
particular significance in controlling detonation. As the width of the 
cavity increases the flame path length from the cavity edge to the 
cylinder wall decreases, with a resultant increase in the possibility 
of detonation of the charge trapped between the piston and the cylinder 
head surrounding the cavity.

The depth of the cavity is important in achieving stratification 
of the fuel in the air charge, the greater the depth of the cavity the 
greater the extent of fuel stratification in the air. The depth of the 
cavity also increases the flame path through the mixture in the cavity 
and thus reduces the risk of detonation particularly at high load. The 
fuel is preferably injected into the cavity at the deepest part thereof 
and preferably in a direction across the cavity toward the piston. The 
degree of penetration of the fuel cloud should be such that the fuel is 
dispersed in a stratified manner within the air charge in the cavity 
and does not extend to the piston.

The invention will be further described with reference to one 
practical arrangement of an internal combustion engine incorporating 
.the present invention as illustrated in the accompanying drawings.

Figure 1 is an axial cross-section of the engine and cylinder
head;

Figure 2 is a diametral cross-section of one cylinder at the 
level of the transfer and exhaust ports;

Figure 3 is an underneath perspective view of the cylinder head;
Figure 4 4» a diametral sectional view along line 4-4 is Figure 

3; 
and

Figure 5 is a cross sectional view along line 5-5 in Figure 4.
Referring now to the drawings, cylinder 5 has a piston 6

disposed therein to reciprocate in the axial direction of the cylinder
shown in the drawing. The
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circumferential wall 7 of the cylinder has an exhaust port 8 and a 
diametrically opposite inlet or transfer port 9 divided into two parts. 
a pa£r)of additional transfer ports 10 and 11 are disposed generally 
symmetrically on either side of the transfer port 9.

The upper end of the cylinder 5 is closed by a detachable 
cylinder head 12 having a cavity er-aawiAy 13 formed therein in an 
eccentric disposition with respect to the cylinder axis 20. An opening 
14 is provided in the top of the cavity to receive a fuel injection 
nozzle, and an aperture 15 is provided at the inner end of the cavity 
for the receipt of a conventional spark plug. The head 17 of the 
piston 6 is slightly domed, and the opposing underface 16 of the 
cylinder head 12 is of a complimentary concave shape except for the 
provision of the cavity 13 therein.
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The cavity 13 is located substantially symmetrical with respect 
to the axial plane 19 of the cylinder (Figure 2) extending through the 
centre of the transfer port 9 and exhaust port 8. The cavity 13 
extends across the cylinder from the cylinder wall immediately above 
the transfer port 9, to a distance past the cylinder centre line.

As previously described the cross sectional shape of the cavity 
13 along the axial· plane 19 of the cylinder as shown in Figure 4 is 
substantially arcuate at the base 24, with the centre line 21 of the 
arc somewhat closer to the centre line of the cylinder than the 
cylinder wall above the transfer port 9. The end of thu arcuate base 
24 closer to the cylinder wall, above the transfer port 9, merges with 
a generally straight face 25 extending to the underface 16 of the 
cylinder head 12 at the cylinder wall 7. The face 25 is inclined 
upwardly from the cylinder· wall 7 to the arcuate base 24 of the cavity,

The opposite or inner end of the arcuate base 24 merges with a 
relatively short generally vertical face 26 that extends to the 
underface 16 of the cylinder head. The face 26 is generally parallel 
to the cylinder axis so that it meets the under face 12a at a relatively 
steep angle. The opposite side walls 27 and 28 of the cavity are 
generally flat and parallel to the axial plane 19 of the cylinder, and 
so also meet the underface 16 of the cylinder head at a steep angle.

As can be seen in Figure 1 the configuration of the passage 30 
leading to the transfer port 9 is upwardly inclined towards the
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cylinder head 12 so that the charge entering the cylinder through the 
transfer port 9 will be similarly upwardly directed into the cavity 13, 
The transfer ports 10 and 11 are similarly shaped to direct the charge 
upwardly towards the cavity 13 and as seen in Figure 2, are inclined 
towards the central transfer port 9 so as to direct the flow of the 
charge through the ports 10 and 11 inwardly towards the cavity 13.

As indicated by the arrow 29 in Figure 1 the general direction 
of the incoming charge of air is upwardly into the cavity 13, to enter 
at the area adjacent the cylinder wall 7. The flow of the charge is 
then formed into a rotating or swirling motion by the arcuate shape of 
the base of the cavity as indicated by arrow 31. The upward movement 
of the incoming charge on the left hand side of the cylinder, as seen 
in Figure 1, displaces the exhaust gases from the previous cycle 
towards the right hand side of the cylinder and hence towards the 
exhaust port 8. In addition the circular motion of the incoming charge 
entering the cavity 13 scavenges the exhaust gases from the cavity and 
promotes the flow thereof towards the exhaust port 8.

9

The initial flow of charge through the transfer ports into the 
cylinder, whilst the piston is displaced a considerable distance down 
the cylinder, will create an initial rotary or swirling motion of the 
charge in the cavity 13 and the adjacent area of the cylinder. As the 
piston moves up the cylinder the air in the cylinder will be displaced 
towards the ' 'ity to be entrained in the swirling charge. It will 
also contract the charge into a smaller volume and so increase the 
speed of rotation of the charge in the cavity.

The scavenging action in the cavity 13 of the incoming charge 
results in a lew exhaust gas content in the rotary charge cloud in the 
cavity 13, and thus the cloud has a maximum oxident content. The fuel 
injected into the cavity 13 is entra.Lned in the rotating air charge and 
carried toward the spark plug.

The steep inclination of the face 26 of the inner end wall and 
opposite side walls 27 and 28 of the cavity 13 assists in retaining the 
rotating charge cloud in the cavity. Also as the piston rises in the 
cylinder the charge trapped between the piston crown and cylinder head 
moves toward and into the cavity 13 over these steep walls. This 
charge movement contributes to the maintenance of an oxident rich cloud

4
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in the cavity to support combustion of the fuel therein.
In one specific embodiment of a two stroke cycle engine 

incorporating the present invention the bore of the cylinder is 84mm 
with the cavity having a length in the direction through the centre of 
the cylinder of 55mm and a width of 42mm. The centre line 21 of the 
arcuate base 24 is offset from the centreline of the cylinder by lLrran 
and from the plane of the. lew-faee\of the head 12 by 10mm. The radius 
of the arcuate base is 23mm.

A fuel metering and injection method and device suitable for 
metering and delivering fuel to an engine operating as disclosed herein 
are described in detail in Australian Patent Application No. 32132/84 
lodged 3rd August 1984, inventor Michael Leonard McKay the disclosure 
of which is hereby incorporated by reference for the teaching of fuel 
metering and injection method and device therein.

An alternative fuel metering and injection method and device is 
described in International Patent Application No. PCT/AU85/00176, 
lodged in Australia, inventor Michael Leonard McKay, the disclosure of 
which is hereby incorporated by reference for the teaching of the fuel 
metering and injection method and device therein.

A particularly advantageous method and apparatus for controlling 
contaminants in a two stroke cycle engine, that may be used in 
conjunction with the present invention, is disclosed in the Patent 
Application lodged the same day as this application and entitled 
Improvements Relating to Controlling Emissions from Two Stroke Engines, 
inventor, C. K. Schlunke, the disclosure of which is hereby 
incorporated by reference.

The operation and construction of an internal combustion engine 
as herein disclosed may be used in many forms of two stroke cycle 
engine including for or incorporated in vehicles for use on land, sea 
or in the air including engines in or for motor vehicles, boats or 
aeroplanes. In particular the engines as herein described may be 
installed in a boat, vehicle or aeroplane to propel same, and includes 
outboard marine engines. ·
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

-.-::..-:35

1. A two stroke cycle internal combustion engine
having a cylinder, a cylinder head at one end of the

1 cylinder, a piston mounted for reciprocation in the

cylinder, and an inlet port and an exhaust port in the wall 
of the cylinder at substantially diametrically opposite 
locations in the cylinder, said ports being opened and 
closed in timed relation by the reciprocating piston, a 
cavity in the cylinder head extending in a generally 

ί diametral direction from adjacent the cylinder wall at a

location opposite the exhaust port, an injector nozzle 

opening in the base of the cavity from which fuel may be 
f injected into the cylinder, the cavity having substantially
| parallel straight side edges in the direction of extension

[ « spaced apart a distance of 0.35 to 0.65 of the diameter of
; 'rt' the cylinder, and the longitudinal length of the cavity in
• ( :
| 1 said direction of extension being 0.55 to 0.77 of the
( ‘ . ' diameter of the cylinder.

? . I
j : ■

j ι t 2. A two stroke cycle internal combustion engine as
j claimed in claim 1 wherein the cavity progressively
( increases in depth from the end thereof adjacent the
| cylinder wall to a location of maximum depth spaced from

n said cylinder wall a distance between 0.25 and 0.5 of the
«I

** cylinder diameter, said maximum depth being 0.25 to 0.55 of
’«’•ι the diame.'ter of the cylinder, when measured from the

, diametral plane of that face of the cylinder head directed
the piston.

A two stroke cycle internal combustion engine as 
in claim 1 or 2, wherein the injection nozzle 
is in the location of maximum depth of the cavity.

towards

3.
claimed
opening

* « ·
« , j• «



4. A two stroke cycle internal combustion engine as 
claimed in any one of claims 1 to 3, wherein an igniter 
device opening is provided in the base of the cavity and 
spaced from the injector nozzle opening in the direction 
toward the end of the cavity opposite to said end adjacent 
the cylinder wall,

5. A two stroke cycle internal combustion engine as 
claimed in any one of the preceeding claims wherein the 
cavity, in the location of maximum depth, is of generally 
arcuate shape in cross section in the direction of length of 
the cavity, said arcuate shape being of a radius of 0.2 to 
0.35 of the diameter of the cylinder.

6. A two stroke cycle internal combustion engine as 
claimed in any one of the preceeding claims wherein the 
cavity has substantially parallel opposite side walls 
extending from said substantially straight side edges.

7. A two stroke cycle internal combustion engine as 
claimed in any one of claims 1 to 4 wherein the cavity has 
substantially parallel opposite sides extending from said 
substantially straight side edges and a base extending 
between said side walls, said base extending from the end of 
the cavity adjacent the cylinder wall as a generally 
continuous curve to progressively increase the depth of the 
cavity to a location of maximum cavity depth whereafter the 
base curves to progressively reduce the depth of the cavity 
to the other end of the cavity, the location of maximum 
depth being spaced longitudinally from said end of the 
cavity adjacent the cylinder wall more than half the length 
of the cavity.

8. A two stroke cycle internal combustion engine as 
claimed in any one of claims 1 to 4 or 7, wherein the ratio 
of cavity length in the longitudinal direction to the cavity 
maximum depth is in the range from 1 to 3.



9. A two stroke cycle internal combustion engine as 
claimed in any one of the preceeding claims wherein the 
maximum depth of the cavity is 0.35 to 0.45 of the cylinder 
diameter .

10. A two stroke cycle internal combustion engine as 
claimed in any one of the preceeding claims wherein the 
longitudinal length of the cavity is 0.55 to 0.68 of the. 
cylinder diameter.

11. A two stroke cycle internal combustion engine as 
claimed in any one of claims 1 to 6, wherein the depth of 
the cavity progressively increases in depth from the one end 
adjacent the cylinder wall to a location of maximum depth 
and thereafter progressively decreases in depth to the other 
end of the cavity, whereby the base of the cavity presents a 
generally concave surface to the piston that will induce gas 
entering the cavity at the one end to establish a rotational 
motion about an axis transverse to the longitudinal 
direction of the cavity as the gas passes through the 
cavity, whereby the gas upon leaving the cavity is induced 
to move towards said one end of the cavity.

12. A two stroke cycle internal combustion engine as 
herein described with reference to the accompanying 

drawings .

DATED this 18th day of August, 1989.

ORBITAL ENGINE COMPANY PTY. LIMITED.
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