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INTERNAL COMBUSTION ENGINE

This invention relates to spark ignited reciprocating internal combustion engines capable

of operating over a large part or all of their functioning range without restricting its air
intake at part load.

This invention describes the detailed design of the location of the spark plug used in such
engines which are described in the international patent publication numbers
W02005/052335 and WO2007/080366 .

Accordingly this invention provides an internal combustion engine comprising;

a piston reciprocating in a cylinder;

air inlet means communicating with the cylinder;

exhaust means communicating with the cylinder;

an indirect combustion chamber communicating with the cylinder comprising a near end
and a far end in relation to the piston;

transfer orifice communicating with the cylinder and the combustion chamber at its near
end; means to promote air movement within the combustion chamber in helical swirl
motion having tangential velocity component around the combustion chamber and an axial
velocity component along the combustion chamber, the axial velocity component being
directed away from the near end and towards the far end;

at least one fuel injector communicating with the combustion chamber;

a controller to control the fuel injection process and spark ignition event;

spark ignition means communicating with the combustion chamber at its far end;
characterised in that the far end of the combustion chamber has a substantially concentric
protrusion into the chamber facing the near end which forms an annular groove with the
periphery of the combustion chamber, the protrusion containing a hole for a spark plug
which communicates with the said groove through an aperture allowing the spark to be
exposed to the air fuel mixture rotating in the said groove to enable direct spark ignition of

the mixture.
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The invention is further described herein by way of example with reference to

accompanying schematic diagrams which are not drawn to scale and are presented for

illustration purposes only.

Figure-1 illustrates a combustion chamber design as part of an engine described in
international patent publications W02005/052335 and W02007/080366. (Figure 1 shows
a transfer orifice 7 which is inclined to the axis of the combustion chamber as in patent
publication W02005/052335 but the present invention is equally applicable to an engine
where the transfer orifice is perpendicular to the axis of the combustion chamber as
described in patent publication W0O2007/080366);.and

Figure-2 illustrates a partial section of the combustion chamber along its axis.

In the arrangement of Figure-1 the piston 1 moves upwardly as drawn in cylinder 2 during
the compression stroke. The combustion chamber 6 shown in this embodiment is
cylindrical and communicates with cylinder 2 through transfer orifice 7. The fuel injector
11 delivers fuel across the air jet 40 towards the far end of the combustion chamber 10.
where spark plug 9 is situated. The diagram also illustrates a streamline 14 rotating around
the periphery 22 of the combustion chamber in helical swirl motion. Transfer orifice 7
enters the combustion chamber adjacent to its periphery in order to impart switl to the air
moving in the chamber and an inclined helical ramp situated at the near end of the
chamber 8 (not shown) imparts a longitudinal velocity component to the air entering the

chamber to promote helical swirl motion. Cylinder 2 communicates with inlet and exhaust

valves (not shown) in known fashion.

Controlling the timing of the start of fuel injection ensures that some of the fuel spray cone
17 reaches the far end of the combustion chamber 10 during the early part of the
compression stroke before it is fully absorbed into the air jet 40 entering the combustion
chamber through transfer orifice 7 because the magnitude of the air jet velocity and the air
density are smaller at the start of the compression stroke and increase substantially
towards the end of the compression stroke. When this fuel reaches the far end 10 at the
eatlier part of the compression stroke it may be deposited on the wall there but it soon

vaporises when the helical swirl air flow arrives at the far end with sufficient magnitude.
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This ensures that the spark plug 9, situated near the far end can be supplied with an

ignitable air fuel mixture irrespective of the distribution of fuel nearer the near end 8 of the
combustion chamber.

A difficult practical problem associated with the invention of patent publications
W02005/052335 and WO2007/080366 is the need to avoid wetting the spark plug with
liquid fuel during the early part of the fuel injection process. Fuel injector 11 points
directly at the spark plug 9 at the far end 10 making this unavoidable. After such wetting
the spark plug electrodes soon become covered with carbon soot which conducts

electricity and extinguishes the spark.

Attempts were made to solve this problem by using an ignition pot, a device well known
to engine designers. These allowed the engine to function but proved unsatisfactory in
practice. Ignition pots are small cavities of a fixed volume, which contain the electrodes
end of the spark plug and communicate with the combustion chamber through a hole.
When applied to the engine inventions described in publications W02005/052335 and
W02007/080366, the communication hole was situated on the far end face of the
combustion chamber 10 and was machined inclined to the axis of the combustion chamber

to stop direct entry of fuel spray through this communication hole.

The principle of the ignition pot is to allow gas, in this case air fuel mixture, to be
compressed into the ignition pot cavity during the compression stroke. After ignition the
burning gases emerge from the ignition pot cavity under pressure as a plasma or a flaming
jet igniting the mixture outside. The problems encountered when used with the above
engine invention was the inability of the ignition pot to ensure ignition in every engine
cycle, resulting in misfires, possibly because of failure to remove from the ignition pot

products of combustion of an earlier cycle.

Figure 2 illustrates the device invented to solve this problem. It is self evident that unless
reliable spark ignition can be achieved with an engine according to the inventions
described in patent publications W02005/052335 and WO02007/080366 such engines

cannot function reliably.
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In Figure 2 the end cap 212 is attached to the far end of the combustion chamber 6 by

bolts (not shown), but the end cap can be made integral with the combustion chamber if
desired.

The end cap contains a screw threaded hole shown as 9A with a screw thread which
secures the spark plug (not shown). The spark plug hole is shown eccentric to the axis of
the combustion chamber to allow close proximity to the periphery. The end cap shown
contains a cylindrical protrusion 209 which is substantially concentric with the
combustion chamber and which projects into the combustion chamber over a short

distance; it is shown with a bevelled free end as a preferred embodiment.

The protrusion forms an annular groove 210 with the periphery of the combustion
chamber. It has been found that the radial width of this annular groove is important for the
operation of the device as it contains the swirling air fuel mixture which, during the
compression stroke, is concentrated around the periphery of the chamber 22, under the
influence of centrifugal force. The radial width of the annular groove will depend on the
intensity of the helical swirl flow chosen by the designer to influence the speed of

combustion and needs to be optimised for a given engine geometry.

Facing the annular groove in one location is a slot 211 communicating between the spark
plug electrodes and the groove 210. The spark plug electrodes are placed substantially
opposite the slot. The slot can be made with a substantial length around the periphery of
209, for example four times its height, but is preferably placed around the thinnest wall
between the eccentric spark plug hole 9A and annular groove 210, provided that
incandescence is avoided. Spark plug hole 9A is placed in an eccentric position to the

protrusion 209 in order to reduce the thickness of the wall around the slot 211.

The present invention prevents liquid fuel from being directly deposited on the spark plug
electrodes since the slot 211 is, in this embodiment, placed on a wall parallel with the axis
of the combustion chamber. It also allows a generous opening between the spark plug
electrodes and the rest of the combustion chamber to minimise the amount of products of

combustion remain around the spark plug after ignition to upset the ignition of subsequent
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cycles. The spark plug electrodes can have a direct line of sight with the air fuel mixture
rotating in annular groove 210.

The present invention is crucially important since it allows the engine to operate reliably
without spark malfunction. It is not an obvious solution to a man skilled in the art but is a
result of substantial research and development on an engine test bed, it has been found to

work extremely well.
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CLAIMS

An internal combustion engine comprising

a piston reciprocating in a cylinder;

air inlet means communicating with the cylinder;

exhaust means communicating with the cylinder;

an indirect combustion chamber communicating with the cylinder comprising a
near end and a far end in relation to the piston;

a transfer orifice communicating with the cylinder and the combustion chamber at
its near end;

means to promote air movement within the combustion chamber in helical swirl
motion having tangential velocity component around the combustion chamber and
an axial velocity component along the combustion chamber, the axial velocity
component being directed away from the near end and towards the far end;

at least one fuel injector communicating with the combustion chamber;

a controller to control the fuel injection process and spark ignition event;

spark ignition means communicating with the combustion chamber at its far end;
characterised in that the far end of the combustion chamber has a substantially
concentric protrusion into the chamber facing the near end which forms an annular
groove with the periphery of the combustion chamber the protrusion contains a
hole for a spark plug which communicates with the said groove through an
aperture allowing the spark to be exposed to the air fuel mixture rotating in the
said groove to enable direct spark ignition of the mixture.

An engine according to claim 1 wherein the aperture is in the form of a slot.
An engine according to claim 1 wherein the protrusion is cylindrical.

An engine according to claim 1 and claim 3 wherein the protrusion has a bevelled

edge at its free end.

An engine according to claim 1 wherein a fuel injector delivers fuel towards the

far end of the combustion chamber.
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