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) Internal-combustion engine with additional expansion.

@ The present invention relates to an internal combustion A 0 C 8
engine having at least one primary cylinder (A, B) operating
on the Otto cycle and an associated secondary cylindery 2 6 8 42

(C) which cylinders are operatively coupled to a common
crankshaft (30); and wherein the secondary cylinder (C)
is operatively coupled to the primary cylinder (A, B) such
that exhaust gas from the primary cylinder (A, B) is ex-
hausted into the secondary cylinder (C) where it expands,
driving the piston of the secondary cylinder subsequently o U

exhausts the exhaust gas to atmosphere.
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1 TITLE MODIFIED

see front page

Title: Improvements in or relating to Otto Cycle Internal
Combustion tngines.

The invention relates to Otto cycle internal

combustion engines.

A conventional reciprocating internal combustion
engine utilising the Otto cycle employs four strokes. The
first is an induction stroke, wherein the size of the
combustion chamber is increased by inducing a fuel air
mixture thereinto; a compression stroke, wherein the size
of the combustion chamber is decreased thereby compressing
the fuel air mixture; a power stroke, wherein the size of
the combustion chamber is agéin increased after combustion
of the compressed fuel air mixture; and an exhaust stroke,
whereby the size of the combustion chamber is again decreased
expelling exhaust gasses therefrom. It will be noted that
there is only one power stroke in every four strokes of

the engine.

A disadvantage of the (tto cycle is that the
power and exhaust strokes are the same length as the
induction and cbmpression strokes, thus limiting the
thermal effiqiency to about 20:.

The present invention seeks to provide an improved,

internal combustion engine.
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The invention provides an internal combustion
engine characterised in that there is provided at least
one primary cylinder operating on the Otto cycle and an
assocliated secondary cylinder, which cylinders are
operatively coupled to a common crankshaft; and wherein
the secondary cylinder is operatively coupled to the primary
cylinder such that exhaust gas from the primary cylinder is
exhausted into the secondary cylinder where it expands,
driving the piston of the second cylinder, said secondary

cylinder subsequently exhausts the exhaust gas to atmosphere.

Freferably, the ratio of the working volumes of
the or each primary cylinder and the associated secondary
cylinder are such that said exhaust gas from said primary
cylinder expands into said secondary cylinder substantially

to atmospheric pressure.

Conveniently, the length of the strokes of the
pistons of the primary and secondary cylinders are substantially

the same.

It will be noted that the secondary cylinder
operates on a two-stroke cycle. It is advantageoué to
provide one secdndary cylinder fed alternatelyif}om each
one of two primary cylinders, the secondary cylinder
performing two two-stroke cycles during the four-stroke

] -

cycle of either primary cylinder, the primary cylinders

X',
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being 180 degrees out of phase one with respect to the

other.

The internal combustion engine may work by

spark ignition or by compression ignition.

Auxilliary services for the internal combustion
engine are driven from the or each crank shaft in the usual
manner, such services being pumps for fuel oil, lubricating

0il and/or air, generators and the like.

Une form of engine according to the present
invention has a non-return inlet valve in the head of the
or each primary cylinder for induction of fuel/air mixture
into said cylinder, and a valve controlling the exhausting
of exhaust gas from the or each primary cylinder to the
associated secondary cylinder and also the exhausting of

said exhaust gas from said secondary cylinder.

The controlling valve is conveniently a rotary
valve although it may alternatively be provided by a

suitable arrangement of poppet valves in known manner.

The invention will now be described further, by
way of example, and with reference to the‘accombanying

drawings in which:-
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Figures 1a to 14 are schematic diagrams showing
the principle of operation of an engine according to the

invention; and

Figure 2 is a schematic longitudinal sectional

view of an engine according to the invention.

Figures 1a to 14 show in schematic form an engine
comprising a single thermodynamic assembly of two primary
cylinders A and B and a single secondary cylinder C. Valves
2 and 4 control inlet of fuel/air mixture to cylinders A
and B respectively. Valve 6 controls passage of combustion
gases from cylinder A to cylinder C, and valve 8 controls
passage of combustion gases from cylinder B to cylinder C.
Valve 10 controls exhaust of spent gases from cylinder C.
The pistons associated with the cylinders 4, B and C are
connected to a common three-throw crankshaft (not shown in

the drawings).

In Figure 1a the cylinder A has Jjust reached T.D.C.
with valve 2 closed and valve 6 open, combustion gas being
transferred from cylinder A to cylinder C, valves 10 and
8 being closed. At this point in time cylinder C has also
reached T.D.C. and tﬁe fuel/air mixture therein'has been
ignited, the valve 4 being closed. <Yhe piston'of cylinder
C has been driven down to B.D.C. by the exhaust gas from

cylinder A. The pisténs of cylinders A and B now move
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downwardly and the piston of cylinder C upwardly until
the position shown in Figure 1b is reached, cylinder B
moving under its power Stroke and cylinder A moving

under its induction stroke.

keferring now to Figure 1b the piston of cylinder
A has reached B.D.C., valve 2 having been open during its
downstroke with valve 6 closed thus allowing fuel/air
mixture to be drawn into cylinder A, and at the point shown
valve 2 has Just closed. During the downstroke of the
piston of cylinder B both valves 8 and 4 have been closed
and at the point shown valve 8 is Just about to open.
During the upstroke of piston of cylinder C the valve 10
has been open and at the point shown has Jjust closed, spent
gas being exhausted through valve 10 to the atmosphere.
The pistons of cylinders A and B again start to move upwards
and the piston of cylinder C starts to move downwards, the
gas in cylinder A being compressed and that in cylinder B

being transferred to cylinder C.

In Figure 1c the piston of cylinder A has
reached the end of its compression stroke at T.D.C. and
the gas therein is ignited. ZFPiston of cylinder B has
also reached T.D.C. aﬁd the gas therefrom has been trans-
ferred to cylinder C. During the upstroke of cylinder A
the valves 2 and 6 have been closed. During the upstroke

of the piston of cylinder B valve 4 has been closed and
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valve 8 open and during the downstroke of cylinder C the
valve 10 has been closed. 4t the point shown in Figure ‘c
valves 4 and 10 are about to open, and valve 8 about to
close, valves 2 and 6 being closed. The piston of cylinder
A is driven down under its power stroke, the piston of
cylinder B moving down in its induction stroke, fuel/air
mixture being drawn in through valve 4. The piston of
cylinder C moves upwardly exhausting the spent gas through

valve 10.

In Figure 1d the piston of cylinders A and B
have both reached B.D.C. The valve 6 of cylinder A is
about to open to transfer gas therefrom into cylinder C
pushing down the piston thereof with valves 10 and 8
closed. The piston of cylinder B is about to start its
compression stroke with valves 4 and 8 closed. The
pistons of cylinders A and B therefore move upwardly and
the piston of cylinder C moves downwardly until the

position shown in Figure 1a reoccurs.

The above described cycle of operation is then

repeated.

Figure 2 shows a schemétic sectional view of a
further form of an engine according to the invention,
comprising two of the thermodynamic assemblies shown in

Figures 1a to 14. =& péir of primary cylinders A1 and B4
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are operatively linked to a secondary cylinder CA4 by means
of valves 12, 14, 16, 18 and 20 which correspond respectively
to valves 2, 4, 6, 8 and 10 of the engine shown in Figures
1a to 1d. The pistons A1, B1 and C1 are linked to a
crankshaft 30, by connecting rods 31, %3 and 35. A second
pair of primary cylinders A2 and B2 are operatively linked
with a second secondary cylinder C2 by means of valves 42,
44, 46, 48 and 50 which correspend to the valves, 2, 4, ©,

8 and 10 in the engine shown in Figures 1a to 1d. The
pistons of cylinders A2, B2 and C2 are linked to the
crankshaft 30 by means of connecting rods 41, 4% and 45,

the latter all being slave connecting rods co-operating
with the crankshaft 30 and also with the connecting rods

31, 33 and 35 which are the master connécting rods operating
in known manner. Bearings 60 are provided between each

crank of the crankshaft 20. Operation of the engine is
similar to that shown in Figures 1a to 14, the set of
cylinders A1, B1 and C1 being 90° out of phase with the
cylinders A2, B2 and CZ2.

The valves shown schematically in Figures 1a
to 14 and Figure 2 are preferably provided by poppet
valves in the case of valves numbers 2, 4, 12, 14, 42 and
44 the remainder of the valves being prefe;ably rotéry
sleeve valves or alternatively poppet valves. ‘Tﬁe engines

shown in the figures may be made of any suitable materials

particularly metal. '
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Auxiliary services for the engines shown in the
figures may conveniently be driven by the crankshaft, such

services being pumps for fuel and lubrication etc.

In the engine shown in Figure 1 the crankshaft
receives one power impulse per crankshaft revolution whereas
in the engine of Yigure 2 it receives two power impulses
per revolution. The duration or time of application of
each power stroke to the crankshaft is doubled and in a
practical engine the demand for flywheel effect is reduced

in proportion.

An engine according to the present invention
provides a simplified structure over the conventional

engine and is therefore potentially less costly.

The thermal efficiency of the engine may be
improved over that for conventional engines. By suitably
selecting the ratio of the cross sectional area of each
pfimary cylinder with the secondary cylinder the working

gas (combusted fuel/air mixture) may be fully expanded to
ambient pressure and temperature in the secondary cylinder
thereby extracting more of the heat energy generated
during combustion and converting it into mgc@anical energy.

An engine according to the‘present invention

may also be capable of' accepting supercharging without a
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significant reduction in thermal efficiency provided the
supercharging is at the level dictated by the ratio in
cross—-sectional areas between each primary cylinder and

the secondary cylinder specified in the engine design.

An engine according to the present invention
may also provide a greater specific power. (here specific
power is defined as the power delivered at a preselected
r.p.m. of the crankshaft by an engine of specific capacity.)
For a given power output an engine according to the present
invention has a reduced capacity. It is therefore
physically smaller than equivalent conventional engines.
It may also accept supercharging without substantial
reduction in thermal efficiency. The engine stroke can
therefore be shortened allowing the maximum r.p.m. of the

crankshaft to be raised.
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10.
CLAIMS:-

1. An internal combustion engine characterised
in that there is provided at least one primary cylinder
(A,B) operating on the Otto cycle and an associated
secondary cylinder (c) which cylinders are operatively
coupled to a common crankshaft (30); and wherein the
secondary cylinder (C) is operatively coupled to the
primary cylinder (A,B) such that exhaust gas from the
primary cylinder is exhausted into the secondary cylinder
where it expands, driving the piston of the secondary
cylinder, and said secondary cylinder subsequently exhausts

the exhaust gas to atmosphere.

2. An engine as claimed in claim 1 characterised
in that the ratio of the working volumes of the or each
primary cylinder and the associated secondary cylinder
are such that said exhaust gas from said primary cylinder
expands into said secondary cylinder substantially to

atmopheric pressure.

3. An engine as claimed in claim 1 or 2
characterised in that the length of the strokes of the
pistons of the priméry and secondary cylinders are

substantially the same. f

4, in engine as claimed in any of claims 1 to
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1.

3 characterised in that there are provided two primary
cylinders associated with said secondary cylinder and
operably coupled to said common crankshaft such that
said primary cylinders are 180° out of rhase with one
another and exhaust alternately into said secondary

cylinder.

5. An engine as claimed in any of claims 1 to
4 characterised in that there is provided a non-return
inlet valve (2, 12, 42, 4, 14, 44) in the head of the or
each primary cylinder for induction of fuel/air mixture
into said cylinder, and a valve (6, 8, 16, 18, 46, 48)
controlling the exhgusting of exhaust gas from the or
each primary cylinder to the associated secondary cylinder
and also the exhausting of said exhaust gas from said

secondary cylinder.

6. 4An engine as claimed in claim 5 wherein said

controlling valve is a rotary sleeve.

E. N. Lewis & Taylor,
Chartered Fatent Agents,
144 New Walk,

Leicester, LE1 7JA,
kngland.

Agents for the Applicants
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