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This invention relates to a gas delivery system for

an internal combustion engine and more particularly, but not

5 exclusively, to .@ spark .ignition engine which operates on

gaseous fuel. 1In one arrangement this invention relates to a

spark ignition engine converted from a diesel fuelled or-

compre351on ignition engine. In another arrangement this

lnventlon relates to a dual fuel engine operating as =a

10 compression ignltion englne. In such an engine operatlng in

the dual fuel mode, 1t is common for a gaseous fuel to be mixed

with the air before induction of the air into the engine whilst

reducing the amount of diesel injected. In this specification

the term "compression ignition engine" is intended to refer not

15 only to an engine operating on a constant pressure, that is a

diesel cyéle. but also to an engine operating on a compression
ignition cycle.

BACKGROUND TO THE INVENTION
When operating an engine with a gaseous . fuel it is
20 a well known practice to introduce the gaseous fuel with the
inlet air to the cylinder during the air 1n}et stroke, thus
éausing a relatively homogenous mixture of gas and air during
the combustion stroke. It is advantageous to reduce the fuel/
air ratio to a minimum value in the combustion of gas as &
25 fuel, as this reduces the carbon monoxide and hydrocarpon
content of the exhaust and enhances fuel efficiencies. 1If che
ratio is reduced sufficiently beyond the stoichiometric value
@ substantial reduction in the nitrous oxide content of the
exhaust gas may also be achieved. This is commonly called &
30 lean burn regime. With current gas engines the limiting facrtor
in the reduction of the ratio to achieve lean burn is cthat
which occurs when the average ratio of fuel to air is lowered
to 'a level where the densxty of the fuel is such as to preven:
initiation of fuel- ignition, and thus the engine misfires.
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According to the present invention there is provided
a gas delivery system for a gas fuelled internal combustion
engine, the system comprising:

gas fuel delivery means for delivering a controlled
amount of gaseous fuel to a region adjacent a source of
ignition, said region comprising a pre-combustion zone located
in a separate pre-combustion chamber which is located in
immediate proximity to said ignition source and which is in
direct communication through an orifice with a combustion zone
located in a cylinder of the engine, said gas fuel delivery
means comprising first and second gas delivery lines for
delivering a controlled amount of gaseous fuel to said pre-
combustion zone and combustion zone respectively from a common’
gas injector, and further comprising gas control means for
controlling the relative proportions of gaseous fuel delivered
by- said first and second delivery means respectively whereby,
in use, combustion in said combustion zone can be achieved with’
minimum gaseous fuel by initiating ignition of gaseous fuel in
said pre-combustion zone. '

In this specification the pre-combustion zone is that,
zone within which it is desirous to initiate the combustion
process, and the combustion zone is that region to which the
resultant effects of gaseous fuel ignition in the pre-
combustion zone are directed to achieve combustion of the
remaining gaseous fuel.

Advantageously said gas control means comprises a gas
flow valve for controlling the quantity. of gaseous fuel
delivered to said pre-combustion zone and/or combustion zone.
More particularly, said gas flow valve may be a one way valve
for controlling the quantity of gaseous fuel delivered via said

"first gas delivery line to said pre-combustion chamber.
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of fuel ignition. andriPyealihy eRQ Re1HLSLEM BPoportions of gaseous fuel
delivered by said first and second delivery means is fixed for
a particular engine. The relative proportion of gaseous fuel
delivered by said first delivery means may be in the range of
5 1 to 10 percent of the total quantity of gaseous fuel delivered
to said region by said gas fuel delivery means.

In one embodiment said gas control means is provided
with a first input to enable the control means to control the
supply of gaseous fuel at a predetermined rate to the pre-

10 combustion zone and/or the combustion zone in accordance with
at least one operating parameter. The gas control means mnay
be provided with a second input derived from a feedback signal
indicative of the amount of gaseous fuel injected into the pre-
combustion and combustion zones, and the control means being

15 adapted to adjust the supply of gaseous fuel whilst still
responding to that signal by the first input. '

In one embodiment the gas fuel delivery means may
jnclude continuous flow valves and the gas control means
controls the proportion of gaseous fuel being delivered to the

20 pre-combustion zone and the combustion zone respectively, as
well as the total quantity of gas being supplied over time to
the engine as a whole. In another embodiment the gas fuel
delivery means may include incremental flow valves. _ ’

In relation to the previously mentioned embodiments,

25 said at least one operating parameter of the engine may'
comprise the engine speed, or the position of the speed control
(that is, the throttle) of the engine, alone or in combination
with the engine speed. Further examples of said at least one
operating parameter of the engine may include singularly or in

30 conjunction with any one or more of the following parameters:
air supply temperature; air supply pressure; gas supply
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of the engine for the presence of carbon monoxides,
hydz_:ocarbons,' nitrous oxides or other such unwanted emissions.
One such measurement may be derived from a commonly available
lambda sensor which monitors the oxygen content of the exhaust

10 gas stream. In a still further embodiment instead of a
measurement of the exhaust gas contents a feedback signal is
derived from a measurement of the onset of misfire in the
engine either indirectly or directly. |
_ Optimal control of the relative proportions and

15 quantity of the flow of gaseous fuel to the pre-combustion zone

. and the combustion zone can thus be determined., in conjunction
with test bed testing to give good ignition with the minimum
amount of gaseous fuel. After initial calibration, ‘it is not
normally necessary to re-calibrate the engine. It will be

20 appreciated that as the engine is used, the amount of gaseous
fuel fed to the engine by the gas delivery system may be
varied. -By providing a feed-back signal as described, it may
be assured that the amount of fuel delivered for the given
operating conditions of the engine is optimised.

25 According to another aspect of the present invention
there is provided a method of. delivering gas for a gas fuelled
internal combustion engine, the method comprising:

delivering a controlled amount of gaseous fuel to &
region adjacent a source of ignition, said region comprising

30 a pre-combustion zone and a combustion zone in communication
with each other;

controlling the relative proportions of gaseous fuel
delivered to said pre-combustion 2zone and combustion zone
respectively whereby, in use, combustion in said combustion

35 zone can be achieved with minimum gaseous fuel by initiating
ignition of gaseous fuel in said pre-~combustion zone.

Preferably, the method further comprises deliveringc
a controlled amount of air to the combustion zone to maintair
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1EF N_OF D N
In order to facilitate a better understanding of the
nature - of the invention, several embodiments of the gas
10 delivery system will now be described in detail, by way of
example only, with reference to the accompanying drawings in
which:

Figure 1 is a functional block diagram oI one
embodiment of a gas delivery system according to the invention:
15 Figure 2 is a schematic diagram of a second
embodiment of a gas delivery system according to the invention:
and, :
Figure 3 is a section view through the cylinder head
of an internal combustion engine illustrating an embodiment of

20 a gas delivery system similar to that of Figure 2.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The gas delivery system illustrated in Figure 1 for
a gas fuelled internal combustion engine {not shown) comprises
gas fuel delivery means 10 for delivering a controlled amount
25 of gaseous fuel to a region adjacent a source of ignition in
the engine. This region in the engine comprises a pre-
combustion zone 12 and a combustion zone 14 in communication
with each other. The gas fuel delivery means 10 comprises
first and second delivery means 16, 18 for delivering gaseous
30 fuel to the pre-combustion zone 12 and the combustion zone 14
respectively, and further comprises gas control means 20, 22
for controlling the relative proportions of gaseous fuel
delivered by said first and second delivery means i6., 18
respectively. The first and second delivery means 16, 18
. 35 deliver gaseous fuel from gas supply 24. and may take the forrn
cZ. for example, gas supply lines. The pre-combust:ion g&s
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I n one enbodi nent said gas control neans is provided w
enabl e the control nmeans to control the suppgy-of gaseojs f udfERAGE
predetermined rate to the pre- conbustion zone and/or the conbustion zone

in accordance Vgdrtrol means 20 and combustion gas control means 22 may take
the form of. for example, gaseous fuel injectors.
In this embodiment, the pre-combustion zone 12 is
located in immediate proximity to the ignition source 26 which
5 may be, for example, a spark plug, to facilitate ignition of
gaseoﬁs fuel in the pre-combustion zone 12. The ignition
source 26 is under the control of ignition control means 28.

Air is delivered to the combustion zone 14 from air

supply 30 via air delivery means 32 and combustion air control

10 means 34. In this embodiment, air is not delivered directly
to the pre-combustion zone 12. Combustion air control means
controls the quantity. temperature and pressure of combustion
air prior to delivery to the combustion zone 14 via combustion
air delivery means 36, which is commonly an engine manifold and

15 inlet valve system. The products of combustion exit the &ngine
from the combustion zone 14 via an exhaust delivery system 38,
which commoniy takes the form of an exhaust valve system and
manifold system to an exhaust disposal means 40. An exhaust
emissions analyser 42 analyses the exhaust emissions and

20 generates a signal which is Eransmitted via signal delivery
means 44 to an Engine Management System (EMS) 46.

“The EMS 46 provides overall management of the engine
operation and both monitors and supervises the pre-combustion
gas control means 20, ignition control means 28, combustion gas

25 control means 22 and combustion air control means 34 via signal
delivery means 48, 50, 52 and 54 respectively. The signal
delivery means 44, 48; 50, 52 and 54 may take the form of, for
example, electrical cables, optical fibres or any other
suitable signal transmission medium. The EMS 46 may also

30 monitor and/or supervise the control of other operating
parameters of the engine such as engine speed, position of the
throttle, engine phase, dynamic engine load and battery
voltage. Each of these operating parameters may have some
bearing on the ultimate_control of the gas delivery system

35 described above, however they have been omitted from Figure 1
for clarity sake. The exhaust emissions analyser 42 provides
a feedback signal to the EMS 46 and is derived frcm &
measurement directly or indirectly of the exhaust gas contenzs
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combustion zone 14, or the total quantity of gas over time
being supplied to the engine.
As noted above, combustion air is delivered directly
10 to the combustion zone 14 bnly, however, during a compression
stroke of the engine some air is communicated from the
combustion zéne 14 to the pre-combustion zone 12 via pre-
combustion air supply means 56. In practice, pre-combustion
zone 12 may be located in a separate pre-combustion chamber
15 which is in direct communication through an orifice with a
éylinder of the engine, thé combustion zone 14 being located
in the cylinder above the piston. According to the present
invention, during operation of the engine, the ignition source
26 is employed to initiate ignition of gaseous fﬁel in the pre-
20 combustion zone 12 where a relatively rich fuel to air ratio
is present. Indeed, the ratio of fuel tb air in the pre-
combustion zone is selected so that ignition of the gaseous
fuel is a certainty. The path of the resultant gases from the
ignition of gaseous fuel in pre-combustion 2zone 12 to the
25 combustion zone 14 is shown as 58, and in practice would be
through .the same orifice between the pre~-combustion chamber and
the engine cylinder. The volume of the pre-combustion zone 12
is designed to provide enough chemical reaction via the path
58 of the resultant gases from the pre-combustion zone 12 to
30 the combustion zone 14, to cause ignition of the gaseous fuel
and air present in the combustion zone 14, which has a lean
fuel to air ratio. Thus, combustion in the combustion zone 14
can be achieved with minimum gaseous fuel by initiating
ignition of the gaseous fuel in the pre-combustion zone 12 ir
35 the manner described above,
_ In Figure 2 a second embodiment of the gas delivery
system according to the invention is illustrated schematically.
and comprises gas fuel delivery means 60 for delivering &
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controlled amount of gaseous fuel to a region adjacent & source
62 of ignition, for example, a spark plug in the engine. 1In
Figure 2 only one cylinder 64 of the engine is illustrated
showing a piston 66 near the top of its compression stroke.
The region adjacent the ignition source 62 comprises a pre-
combustion .zone 68 located within a pre-combustion chamber 70
and a combustion zone 72 located within the cylinder 64 above
the piston 66. The pre-~combustion chamber 70 is in direct
communication through an orifice 74 with the cylinder 64. The
gas fuel delivery means 60 comprises first and second gas
delivery lines 76, 78 for delivering gaseoué fuel to the pre-
combustion zone 68 and combustion zone 72 respectively. ' The
gas delivery lines 76, 78 are supplied with gaseous fuel from
a single solenoid actuated gas injector 80.

The gas fuel delivery means 60 further comprises gas
control means in the form of a gas flow valve g2 for
controlling the relative proportions of gaseous fuel delivered
by the first and second delivery lines 76, 78 respectively.
In this embodiment, the gas flow valve 82 is a non-return Or
one way valve which opens when the pressure within the pre-
combustion chamber 70 is lower than the pressure within the gas
delivery line 76, but which closes when the pressure within the
pre-combustion chamber 70 exceeds the pressure within the gas
delivery line 76. Hence, during a downward stroke oI piston
66 one way valve 82 allows the flow of gaseous fuel frca the
delivery line 76 1nto the pre—combustlon chamber 70, nowever
during a compression stroke of the piston 66 the one way valve
82 closes to cut off the flow of gaseous fuel into the pre-
combustion chahber 70. One way valve 82 also isolates the gas
delivery line 76 from the gases produced as a result of
combustion in the pre-combustion zone 68 and combustion zone
72.

The relative proportions of gaseous fuel deliverec
to the pre-combustion zone 68 and the combustion zone 72 is
largely controlled by the size of an aperture provided within
the one way valve 82 in its open condition. Typicalliy, the
size of the aperture in one way valve 82 is selected sz ctha

ot

betweenr 1 percent to 10 percent of the gaseous fuel suzpiie
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gas for a gas fmel b way valve 82 is selected so that 4 percent of the
gaseoué fuel from the common injector 80 is delivered tcS the
pre-combustion zone 68, however the exact relative proportions

10 of gaseous fuel delivered to the pre-combustion zone 68 and
combustion zone 72 respectively will depend on the operating
characteristics of - the particular engine. From the above
description, it will be apparent that the relative proportions
of gaseous fuel delivered by the first and second gas delivery

15 1lines 76, 78 is fixed for this particular engine, as determined
by the size of the aperture within one way valve 82. However,
it is possible to arrange the gas fuel delivery means 60 so
that the relative proportions of gasecus fuel delivered by the
first and second gas delivery lines 76, 78 can be varied, by.

20 for example, supplying gaseous fuel to the delivery lines 76.
78 from separate gas injectors. The amount of gaseous fuel
delivered by the gas injectors to the respective delivery lines
7€. 78 could then be varied, for example, under the contrcl of
an engine management system.

25 The relative proportions of gaseous fuel delivered
to the pre-combustion chamber and the cylinder for a particular
engine can be determined as follows. The objective is to
achieve a gas/air ratio in the pre-combustion chamber (PCC)
which will ignite easily from a spark plug. In one embodiment,

30 natural gas is used as the gaseous fuel. Natural gas is
composed mainly of methane and has a stoichiometric gas/air
ratio of 0.095 (9.5%). Ignition can still be achieved within
the range of approximately 6.0 to 15.0% with a PCC, however
most reliable ignition is achieved at near stoichiometri

35 conditions.

There are many variables which contribute to the
overall determination of the desired quantity of gas tha:z
shoulé be diverted to the PcCC. To facilitate the
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zone'to Mai Nt 8idy ationship of gas/air ratio in the PCC as a function of spark
advance angle, and total gas quantity injected as a volume
perceﬁtage of the total cylinder volume was calculated. The

5 compression ratio is fixed at a value determined by the
mechanical and thermodynamic considerations that apply to the
particular engine, due to its desired output and gas quality.

A low PCC/MCC is desirable to reduce the local thermal losses

of the PCC, however the variability of the gas flow control at

10 the PCC will dictate a practical limit. The level of
gas/cylinder volume is dictated by the designed maximum
absolute boost pressure, compression ratio and engine output

requirements.
The following definitions and formula apply:
15 PCVFRN = Pre-chamber volume fraction - £fraction of
clearance volume occupied by PCC.
PCGFRN = Pre-chamber gas fraction - fraction of gas
' injected into the PCC.
CR = Compression ratio.
20 = Clearance vol + swept vol (100)
Clearance vol
cv . = Clearance volume
= © Swept vol (100)
Compression ratio - 1
25 GV = Gas volume injected by one injector
PCGV = Pre-chamber gas volume injected
= GV X PCGFRN
PCV = Pre-chamber volume
= CV X PCVFRN
30 MCGV = Main Chamber {or cylinder) gas volume
= GV-PCGV
MCAV = Main chamber air volume
= 100-MCGV
MCGR = Main chamber gas ratio
35 = MCGV/MCAV

THETA = Spark advance angle (C - 1.57 Radians)
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(CV + 50 x [(l-cos THETA]
PCGR Pre-chamber gas ratio
5 = v + -— MCGR PCV
(CRI-1) x (1-MCGR)} x PCV

A number of iterations can be performed by varying
the PCC/MCC gas ratio until near stoichiometric conditions are
achieved for the complete range of envisaged spark advance

10 settings. In one embodiment this process indicated that &
PCGFRN of 0.04 (4%) achieved near stoichiometric conditions
over a range of spark advance-settings (THETA) of 0.0 to £.523¢
radians. PCVFRN was set at 0.08, CR at 12.5 and CV of
8.6956512 (cylinder of volume size 100 units).

15 The operation of the gas delivery system illustrated
in Figure 2 is similar to that of the system illustrated in
Figure 1. During the air inlet stroke of piston 66 a mixture
of gaseous- fuel and air are delivered to the combustion zone
72, while simultaneously gaseous fuel oﬁly is delivered to the

20 pre-combustion 2zone 68 via one way valve 82. During &
compression stroke of the piston 66 some of the air fuel
mixture within combustion zone 72 communicates into pre-
combustion chamber '}0 via orifice 74, and ignition of gaseous
fuel is initiaced within the pre-combustion zone 68 by ignition

25 source 62. By this stage, one way valve 82 has closeé. Due
to the relatively rich fuel to air ratio within pre-combustion
zone 68 ignition can be readily achieved and a chemical
reaction occurs via the path of the resultant gases through
orifice 74 from the pre-combustion zone 68 to the combustion

30 zone 126 to produce ignition of the lean gaseous fuel/azir
mixture in the combustion zone 72. Hence, the gas fuellecd
internal combustion engine can be operated within a lean burn
regime without fear of engine misfire.

In Figure 3 the cylinder head 84 of a compressior

35 ignition engine is illustrated in section view. The
compression ignition engine of Figure 3 has been converted tc
a gas fuelled. spark ignition engine, and incorporates a-



enpodi ment of a gas delivery system accord| ng to the invention:

Figure 2 is a schenati i &cond enbodi ment of a gas delivery
system accordl ng to the u Figure 3 is a section
Vi ew thR,? $5,dsige CY! | nd nternal combusti.on e

Il lustrating an enbodi nent of a gas delivery system sim!]

Fi gure 2. DETAI LED DESCRI TPTI ON OF PREFERRED EMBODI ME
gas delivery systemillustrated in Figure_1;50r a gas fue

conbustion engi ne (not shown) conprises gas fuel delivery neans 10 for
delivering a copbé@imést Q{Pﬁnbagfd&?ﬁﬁ‘é&@s s%%'emt Qcé‘oféﬂher‘t@%ﬁcfﬁ%ﬁtlom

source of ignition in the e Egr This _region in the engine conprises a’

pre- combusti ofP¥ERel$2SIMY cﬁﬁbﬁg“ﬁtoﬁfz urg ﬁw cAMmEATERG | B% 1Pt hivedn
other. The gas:.fuﬂh debover wmmﬂ&&mmrtEQSc&u&aaeandzmm ded | ¥REY

the conbust | orcoRREnd s PEEE. B Vel it B othR A iget Hifad Fa 88

means 20, 22 cools the casing 86. Casing 86 deflnes a pre-combustion

chamber 90 therein., and is manufactured from a material having

a high thermal conductivity so that some of the heat generated

within the pre-combustion chamber 90 is conducted through the

walls of the casing 86 to the cooling water 89. -The pre-

10 combustion chamber 90 defines a pre-combustion zone 82 therein,

and is in direct communication with a cylinder 94 of the
engine, within which a combustion zone 96 is located.

Casing 86 also houses therein an ignition source 98

(spark plug)., and a one way valve 100. Gaseous fuel is

15 delivered to the one way valve 100 via a gas delivery line 102,

similar to that of Figure 2.

The operation of the gas delivery system of Figure

3 is similar to that of PFigure 2, and will not be described

again in detail here. The one way valve 100 controls the

20 relative proportions of gasebus fuel delivered to the pre-

combustion zone 92 and combustion zone 96, via respective gas

delivery lines and a common gas injector {not illustrated).

The combustion process is initiated by spark plug 98 within the

pre-combustion zone 92, and the resultant effects of gaseous

25 fuel ignition in the pre-combustion zone 92 are directed via
orifice 93 to the combustion zone 96 to achieve combustion of
the remaining gaseous fuel.

Obviously, the arrangement of the pre-combustion
chamber 90 within the cylinder head 84 of the engine may vary

30 considerably from that illustrated in Figure 3 depending on the
type of engine, particularly where the pre-combustion chamber
is incorporated within the cylinder head at the time of
manufacture of the engine, rather than as a result of &
conversion of a compression ignition engine to a spark ignition

35 gas fuelled or dual fuel engine. In a dual fuel engine, the
gas delivery system according to the invention can also be used
to deliver pilot fuel to the engine.

It will be apparent from the above description tha:z
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the gas delivery system according to the invention hag

significant advantages over prior art systems which rely on a

gas carbur_ettor to supply the appropriate air/fuel mixture tro
the engine. The relative -proportions of gaseous fuel delivered
to the pre-combustion zone and the combustion zone can be .
accurately controlled so that combustion in the combustion zone
can be achieved with ninimum gaseous fuel without fedr of
engine misfire. Combustion in the pre-combustion zone produces
a flame front and radical,K molecules which will easily and
quickly ignite the relatively lean mixture in the combustion
zone, thus resulting in hlgh engine efficiencies, ie. more
combustion close to p:.ston top dead centre (TDC) and lower
losses due to dissociation and thermal considerations, which
both increase rapidly as thé peak cycle temperature increases.
Furthermore, emissions of carbon monoxide, hydrocarbons and
nitrous oxides can be lowered due to the overall lean
combustion process. The simplicity and elegance of the gas
delivery system according to the invention enables it to be
readily incorporated in a conventional engine and/or a
conventional engine can be easily converted to a gas fuelled
engine. ’

Furthermore, now that preferred embodiments oi the
gas delivery system have been described in detail, it will be
obvious to persons skilled in the mechanical arts. that
numerous modifications apd variations may be made tc the
illustrated embodiments, in addition to those already'
described, without departing from the basic inventive concepts.
For example, the relative proportions of gaseous fuel delivered
to the pre-combustion zone and the combustion zone
respectively, may be determined by the relative diameters of
the respective gas delivery lines. All such variations’ and
modifications are to be considered within the scope of the
present invention, the nature of which is to be determined from
the foregoing description and the appended claims.
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0 the conbustion zone 14 from air supply -3 EEN r
delivery means 32 and combustion air control means 34 E‘Ytan..ﬁ’éﬁ-{ﬁdé%
air is not delivered directly to the ptretganbustion zo ' r
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of the engine
ignition, said region comprising a pre-combustion zone located

in a separate pre-combustion chamber which is located in
immediate proximity to said ignition source and which is in
direct communication through an orifice with a combustion zone

10 located in a cylinder of the engine, said gas fuel delivery
means comprising first and second gas delivery lines forx
delivering a controlled amount of gaseous fuel to said pre-
combustion zone and combustion zone respectively from a common
gas injector, and further comprising gas control means for

15 controlling the relative proportions of gaseous fuel delivered
by said first and second delivery means respectively whereby,
in use, combustion in said combustion zone can be achieved with
minimum gaseous fuel by initiating ignition of gaseous fuel in
said pre-combustion zone.

20 2. A gas delivery system as claimed in claim 1, wherein,
said gas control means comprises a gas flow valve for
controlling the quantity of gaseous fuel delivered to said pre-.
combustion zone and/or combustion zone.

3. A gas delivery system as claimed in claim 2, wherein

25 said gas flow valve is a one way valve for controlling the
quantity of gaseous fuel delivered via said first gas delivery
line to said pre-combustion chamber.

4, A gas delivery system as claimed in claim 1, wherein
the relative proportions of gaseous fuel delivered by said

30 first and second delivery means is fixed for a particular
engine.
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6. A gas delivery system as claimed in claim 3, wherein
said ignition source and one way valve are housed in a casing
mounted above the cylinder in a cylinder head of the engine,
and wherein said pre-combustion chamber is defined by the

10 casing and is manufactured from a material having a thermal
conductivity adapted to allow heat generated within the pre-~
combustion chamber to be conducted through a wall of the casing
to cooling water in the cylinder head.
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‘conmbustion zone 14 to. the pre-conbustion zone 5§0ggngaemﬁﬁ%*|on air
. Supply nmeans 56. In practice. pre-conbustion zone fERLADED ocatdéd in a

sSepar at averas/e8¥usti on chanber which is in dir: M%@h an
orifice with a cylinder of the engine, the conbustion zone 14 being | ocated
in the cylinder above the piston. Accor?ygg to the present invention,
during operation of the engi ne, the igni n source 26 is enployed to
initiate H@m ous fuel in the pre- conbustion zone 12 where a
relatlvely ratio is present. Indeed, the ratio of fuel to
air in the n zone is selected so that ignition of the gaseous
fuel is a certalnty The path of the resultant gases fromthe ignition of
gaseous fuel in pre-conmbustion zone 12 to the conbustion zone 14 is shown
as 58, and in practice would be through the sane orifice between the
pre-conbusti on chanber and the engine cylinder. The volune of the
pre-conbustion zone 12 is designed to provide enough chem cal glaction via
the path 58 of the resultant gases fromthe pre-conbustion zope 12 to the

conbustion zone 14. to cause ignition of the gaseous fuel and air present
in the conbustion zone 14, which has a | ean
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‘fuel to air ratio. Thus, conmbustion in the conbirs] QaH;gmeﬂ%MBﬁﬁﬁ
- Zachi eved with nini num gaseous f uel by initiating gnlgpgmpma Q143!
o uel i nwaed8sd%onbusti on zone 12 in the manner de—s«ef:t:@ea‘aove
In Figure 2 a second enbodi nent of the gag J delivery systemaccording to the
I nvention is illustrated schenatlcally a 3 conprises gas fuel delivery

nmeans 60 for delivering a-
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control l ed amount of gaseous fuel to a region adjacent a source 62 of
‘ignition. for exanple, a spark plug in the engine. In Figure 2 only one
cylinder 64 of the engine is illustrated showi ng a piston 66 near the top
of its conpression stroke. The region adjacent the ignition source 62
conprises a pre- conbustion zone 68 |ocated within a pre-conbustion chanber
70 and gustion zone 72 |ocated within the cylinder 64 above the piston
66. Thé pre-conbustion chanber 70 is in direct comunication through an
orifice 74 with the cylinder 64. The gas fuel delivery, neans 60 conprises
first anklgsedeliveryguserdon gagfuclled intgnal GomBtioro engings, coeprisige gagse fuek delivety t o
Ej hfe Pr e-méaf i@} 7%@51% &ﬁuﬁmldaﬁMBﬁ éHilsﬁﬂﬂﬁafZ 161?3%%6:&'3%&&&&@}{1&‘?1935 |
elivery, re s u om a_Si enoi
act uat ed® arslﬁ?%FaécfP?}r egﬁryme%)s lssjc‘mﬁ{ °§§§?Fﬁ‘gﬁ %49%? Wﬁaé’ﬁrsl%olﬁﬁ?’t her
conpr i salslivesing gansousditel e & pre-combustion zene(i2)fandia gqsbmﬁmona(lﬂbreswmmb Gas .
cont r ol lchhigo! trh@ng eioatznyamﬁbpme rrémmspragormﬁeﬁ eweﬁxeldﬂw&ed 8l tiyfidshend i 1 St

1 ow va RO@eB e, desgh OE: s P esrt iy 5 Mﬁ#‘és b AR ol eyl e 975

pr essur ackipved vnthtqngm.pmegaseous fuel by initiating ignition of gaseous fuel in the pre-combustion zone
(12). Thus, the fuel/air ratio within the combustion zone (14) can be minimise (lean burn regime)
without the onset of engine misfire.
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conbygtlon Jha gn the pressure mkthln the gas delivery

| i-ne’ 76, "blit “h'QﬁﬂﬁﬂﬁgﬂﬁEMBéﬂﬂﬁt pressure mﬁthln_the -Conbustlon

chanmber 70 exceefsyptte~pressure (within the gas deliver
during a downwarf bt _ggﬁ:ggisggf 66 one way val ve 82
gaseous fuel fr011.hépﬁ y ljne 76 iint-0 the pre-co
however during ajc ' 0

of the piston 66 t
cl oses to cut  of us fuel into the pre- conbustion chanber
70. One way va

the gas delivery line 76 fromthe gases
produced as a result of conbustlon Ln &pe pr e conbustion zone 68 and

conbusti,on zone 72. 88¥t | ons of gaseous fuel
delivered to the pre-conbustion zone 68 and the conbustion zone 72 is

| ar gel y COntiﬁihﬁﬁigﬁﬂ%ggpﬁkfﬂﬂff an aperture provided within the one way
valve 82 in 1ts Opéen ¢ ron.. Typically, the size of the aperture in one
way valve 82 is sel eCtdd §B"?‘F\‘é’t°fbéle\?o€§ﬁsltﬁeﬂcﬁﬁﬂ ded iveryesreram dort he
gaseous fueknsippéfmsl combustion engine and more particularly, but not
exclusively, to a spark ignition engine which operates on
gaseous fuel. 1In one arrangement this invention relates to a
spark ignition engine converted from a diesel fuelléd or-
compression ignition engine. In another arrangement this
invention relates to a dual fuel engine operating as a

--------------------------

compression ignition engine. 1In such an engine operéting in
the dual fuel mode, it is common for a gaseous fuel to be mixed
with the air before induction of the air into the engine whilstc
reducing the amount of diesel injected. 1In this specification
the term “"compression ignition engine” is intended to refer notc
only to an engine operating on a constant pressure. that is &
diesel cyéle, but also to an engine operating on a compression
ignition cycle.

{E_INV

When operating an engine with a gaseous fuel it is
a well known practice to introduce the gaseous fuel with: the
inlet air to the cylinder during the air inlet scroke. thus
causing a relatively homogenous mixture of gas and air during
the combustion stroke. It is advantageous to reduce the fuel/
air ratio to a minimum value in the combustion of gas as a
fuel, as this reduces the carbon monoxide and hydrocarbon
content of the exhaust and enhances fuel efficiencies. If the
ratio is reduced sufficiently beyond the stoichiometric value
2 substantial reduction in the nitrous oxide content of the
exhaust gas may also be achieved. This is commonly called &
lean burn regime. With current gas engines the limiting factor
in the reduction of the ratio to achieve lean burn is chac
which occurs when the average ratio of fuel to air is iowered
to 'a level where the density of the fuel is such as to prever:
initiation of fuel ignition. and thus the engine misfires.
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fromthe gas inject R 'Rbéé ihm Qh the gas delive:

pre- conbusti on zonej 6 and t he re’ ijnder of the gaseo
by gas delivery lin 781t'ijz\ ugtion zone 72 w thiin cylinder
Typically. the gas deiivery line 7 elivers gas to th Ekmmﬂu Ldb

via the engi ne maniff ol d anda™tmt alive system In t hi 5er
way valve 82 is seliected so that 4 pgrcent of the gaseous fuel fromthe
comon injector 80 is delivered to the pre-conbustion zone 68. however the

exact rel ati SEMYARGOF: TR INVENTIGN oys fuel delivered to the pre-conbustion
zone 68 and The present invention was developed with a view to

providing a method of gas delivery and a gas delivery system
for a gas fuelled internal combustion engine wherein the
fuel/air ratio can be minimised without the onset of misfire
of the engine.

According to t:he present invention there is provn.ded
a gas delivery system for a gas fuelled internal combustion
engine, the system comprising:

gas fuel delivery means for delivering a controlled
amount of gaseous fuel to a region adjacent a source of
ignition, said region comprising a pre-combustion zone located
in a separate pre-combustion chamber which is located in
immediate proximity to said ignition source and which is in
direct communication through an orifice with a combustion zone
located in a cylinder of the engine, said gas fuel delivery
means comprising f£irst and second gas delivery 1lines for
delivering a controlled amount of gaseous fuel to said pre-
combustion zone and combustion zone respectively from a common’
gas injector, and further comprising gas control means for
controlling the relative proportions of gaseous fuel delivered
by said first and second delivery means respectively whereby,
in use, combustion in said combustion zone can be achieved with'
minimum gaseous fuel by initiating ignition of gaseous fuel in
said pre-combustion zone. ' '

In this specification the pre-combustion zone is that
zone within which it is desirous to initiate the combustion
process, and the combustion zone is that region to which the
resultant effects of gaseous fuel ignition in the pre-
combustion zone are directed to achieve combustion of the
remaining gaseous fuel.

Advantageously said gas control means comprises a gas
flow valve for controlling the quantity of gaseous fuel
delivered to said pre-combustion zone and/or combustion zone.
More particularly, said gas flow valve may be a one way valve
for controlling the quantity of gaseous fuel delivered via said
first gas delivery line to said pre-combustion chamber.
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the gaseous fiugla £i MRt ifle @8Seddble the control means to control the

supply of gaseous fuel at a predetermined rate to the pre-
combustion zone and/or the combustion zone in accordance with
at least one operating parameter. The gas control means may
be provided with a second input derived from a feedback signal
indicative of the amount of gaseous fuel injected into the pre-
combustion and combustion zones, and the control means being
adapted to adjust the supply of gaseous fuel whilst still
responding to that signal by the first input. '

In one embodiment the gas fuel delivery means may
include continuous flow valves and the gas control means

controls the proportion of gaseous fuel being delivered to the

pre-combustion zone and the combustion zone respectively, as
well as the total quantity of gas being supplied over time to

the engine as a whole. In another embodiment the gas fuel_

delivery means may include incremental flow valves.
In relation to the previocusly mentioned embodiments,

said at least one operating parameter of the engine may
comprise the engine speed, or the position of the speed control,

(that is, the throttle) of the engine, alone or in combination
with the engine speed. Further examples of said at least one
operating parameter of the engine may include singularly ox in
conjunction with any one or more of the following parameters:
air supply temperature; air supply pressure; gas supply
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temperature: gas supply pressure; engine phase; dynamic engine
mode determination; and, battery voltage.

In relation to the previously mentioned embodimencs,
in one embodiment the feedback signal is derived from a
measurement directly or indirectly of the exhaust gas contents
of the éngine  for the presence of carbon monoxides,
hYdr_:ocarbons.' nitrous oxides or other such unwanted emissions.
One such measurement nay be derived from a commonly available
lambda sensor which monitors the oxygen content of the exhaust
gas stream. In a still further embodiment instead of a
measurement of the exhaust gas contents a feedback signal is
derived from a measurement of  the onset of misfire in the
engine either indirectly or directly.

Opcimal control of the relative proportions .anc'.
quantity of the flow of gaseous fuel to the pre-combustion zone
and the combustion zone can thus be decermined, in conjunction
with test bed testing to give good ignition with the minimum
amount of gaseous fuel. After initial calibration, it is not
normally necessary to re-calibrate the engine. It will be
appreciated that as the engine is usecd, the amount of gasecus
fuel fed to the engine by the gas delivery system may be
varied. By providing a feed-back signal as described, it may
be assured thar the amount ©Of fuel delivered for the c¢civen
operating conditions of the engine is optimised.

According to another aspect of the present invention
there is provided a2 mechod of. delivering gas for a gas fuelled
internal combuscion engine. the method comprising:

delivering a controlled amount ¢f gaseous fuel to a
region adjacent a source of ignition. said region comprising
a pre-combustion zone and a combustion zone in communication
with each other:

controlling the relative proportions of gaseous fuel
delivered to said pre-combustion zone and combustiocn zone
respectively whereby, in use. combustion in said combustion
zone can be achieved with minimum gaseous fuel by iniciating
ignition of gaseous fuel in said pre-combustion zone.

preferably. the metnod further comprises delivering
a concrolled amount of air o the combustion zone %o maincais



3 agre fixed and the res ant

I el nction of spark adv P&ﬁqu’{&iﬁ
gas quantity injdctied as a voI umg percentage of the totgl_ Ilnaed

was cal cul ated. - Thd cAnpddNIBh jafio is fixed at a val e determ st Byt he
mechani cal and tHerinpdynani c congi ¢lerations that apply fo the particular
engi ne, due to itjs desi red out put nd gas quality. Alow PCCOMXC is
desirable to red osses of the PCC, however the

var i abi | i 1y Ohshlifudas k;;vmqnyaeioa,z n 38 BGRWi, d%&ﬁ@t QoflePLACt i cal
limt. The 3 t’he e5|<gned

I.nder, voluynme i.s dictate
nmexi num abs&F‘ﬁtae‘rlﬁBE% 9‘\5?‘&?%%1"@ s ’é’s‘ﬁt&ﬁnr%ﬂq% Peifig Eﬂ@f‘?"’r‘\‘écéﬁﬁ
requi renent £ said pre-comliwestfioh| mmgimhgnmint&mndof otgnilcdocappt y: PCVFRN

determnation, c
of gas/air“ratio

= | Pre- ch@gggé%g/cggggemfsrﬁgt ; %Lcombuﬁff’&ﬁ i}_ﬁﬁe of . - t fcI ea{ ance
vol ume occupi ed by el ogas Lon raction
of gas %P?ﬁég;eé fn’feot}ﬁ%i aIla-’ ?g%b desI28ntts 318 n{)’? ssi on
ratio. total vglmgcgagmsvmehdg%\rﬁr%po (chepgngine over time.

W

In order to facilitate a better understanding of the
ﬁacure of the invention, several embodiments of the gas
delivery system will now be described in detail. by way of
example only. with reference to the accompanying drawings in
which:

Figure 1 is a <functional block diagram c¢f one
embodiment of a gas delivery system according to the invention:

Figure 2 1is a schematic diagram of a second
embodiment of a gas delivery system according to the invencion;
and,

Figure 3 is a section view through the cylinder head
of an internal combustion engine illustrating an embodiment of
a gas delivery system similar to that of Figure 2.

= " P

The gas delivery system illustrated in Figure i fcr
a gas fuelled internal combustion engine (not shown) comprises
gas fuel delivery means 10 for delivering a controlled amount
of gaseous fuel to a region adjacent a source of ignition in
the engine. This region in the engine comprises a pre-
combustion zone 12 and a combustion zone 14 in communication
with each other. The gas fuel delivery means 10 comprises
first and second delivery means 16, 18 for delivering gaseous
fuel to the pre-combustion zone 12 and the combustion zone 14
respectively, and further comprises gas control means 20, 22
for controlling the relative proportions of gasecus fuel
delivered by said first and second delivery means i€, 18
respectively. The first and second delivery means 16, 18
deliver gaseous fuel from gas supply 24, and may take the forr
c2, for example, gas supply lines. The pre~combust:ion ¢as
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the form of, for example, gaseous fuel injectors.

In this embodiment, the pre-combustion zone 12 is
located in immediate proximity to the ignition source 26 which
may be, for example, a spark plug, to facilitate ignition of
gaseous fuel in the pre-combustion zone 12. The ignition
source 26 is under the control of ignition control means 28.

Alr is delivered to the combustion zone 14 from air
supply 30 via air delivery means 32 and combustion air control
means 34. In this embodiment, air is not delivered directly
tc the pre-combustion zone 12. Combustion air control means
controls the quantity, temperature and pressure of combustion
air prior to delivery to the combustion zone 14 via combuscion
air delivery means 36, which is commonliy an engine manifold and
inlet valve system. The products of combustion exit the 2ngine
from the combustion zone 14 via an exhaust delivery system 38,
which commonly takes the form of an exhaust valve system and
manifold system to an exhaust disposal means 40. An exhaust
emissions analyser 42 analy;es the exhaust emissions and
generates a signal which is transmitted via signal delivery
means 44 to an Engine Management System (EMS} 46.

The EMS 46 provides overall management of the engine
operation and both monitors and supervises the pre-combustion
gas control means 20. ignition control means 28, combustion gas
control means 22 and combustion air control means 34 via signal
delivery means 48, 50, 52 and 54 respectively. The signal
delivery means 44, 48; 50, 52 and 54 may take the form of, for
example, electrical cables, optical £fibres or any other
suitable signal transmission medium. The EMS 46 may also
monitor and/or supervise the control of other operating
parameters of the engine such as engine speed, position of the
throttle, engine phase, dynamic engine load and bacttery
voltage. Each of these operating parameters may have some
bearing on the ultimate_control of the gas delivery system
described above, however they have been omitted from Figure 1
for clarity sake. The exhaust emissions analyser 42 provides
a feedback signal to the EMS 46 and is deriveé fres @
measurement directly or indirectly of the exhaust gas contenzs
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of the engine for the presence of carbon monoxides,
hydrocarbons, nitrous oxides or other undesirable emissions.
Such emissions give an indication of the extent and degree of
combustion of gaseous fuel occurring within the engine and may
be used by the EMS 46 to adjust the relative proportions of
gaseous fuel delivered to the pre-combustion zone 12 and/or the
combustion zone 14, or the total quantity of gas over time
being supplied to the engine.

As noted above, combustion air is delivered directly
to the combustion zone 14 6nly, however, during a compression
stroke of the engine some air is communicated from the
combustion zone 14 to the pre-combustion zone 12 via pre-
combustion air supply means 56. In practice., pre-combustion
zone 12 may be located in a separate pre-combustion chamber
which is in direct communication through an orifice with a
cylinder of the engine, the combustion zone 14 being located
in the cylinder above the piston. According to the present
invention, during operation of the engine, the ignition source
26 is employed to initiate ignition of gaseous fuel in the pre-
combustion zone 12 where a relatively rich fuel to 2ir ratiec
is present. Indeed, the ratio of fuel tb air in the pre-
combustion zone is selected s¢ that ignition of The gaseous
fuel is a certaincty. The path of the resultant gases from the
ignition of gaseous fuel in pre-combustion zone 12 to the
combustion zone 14 is shown as 58, and in practice would be
through the same orifice between the pre-combustion chamber ané
the engine cylinder. The volume of the pre-combustion zone 12
is designed to provide enough chemical reaction via the path
S8 of the resultant gases from the pre-combustion zone 12 to
the combustion zone 14, to cause ignition of the gaseous fuel
and air present in the combustion zone 14, which has a learn
fuel to air ratio. Thus, combustion in the combustion zone 14
can be achieved with minimum gaseous fuel by initiating
ignition of the gaseous fuel in the pre~combustion zone 12 irn

' the manner described above. '

In Figure 2 a second embodiment of the gas delivery
sfstem according to the invention is illustrated schematically.
and comprises gas fuel delivery means 60 for delivering &
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the piston 66. The pre-combustion chamber 70 is in direct
communication through an orifice 74 with the cylinder 64. The
gas fuel delivery means 60 comprises first and second gas
delivery lines 76, 78 for delivering gaseous fuel to the pre-
combustion zone 68 and combuscion zone 72 respectively. The
gas delivery lines 76, 78 are supplied with gaseous fuel from
a single solenoid acctuated gas injector 80.

The gas fuel delivery means 60 further comprises gas
control means in the form of a gas flow valve E2 for
controlling the relative proportions of gaseous fuel delivered
by the first and second delivery lines 76, 78 respectively.
In this embodiment., the gas flow valve 82 is a non-return or
one way valve which opens when the pressure. within the pre-
combustion chamber 70 is lower than the pressure within the gas
delivery line 76, but which closes when the pressure within the
pre-combustion chamber 70 exceeds the pressure within the gas
delivery line 76. Hence, during 2 downward stroke oI piston
66 one way valve 82 allows the flow of gaseous fuel frca Che
delivery line 76 lnco the pre—combusclon chamber 70, however
during a compress;on straoke of the piston 66 the one way valve
82 closes to cut off the flow of gaseous fuel into the pre-
combustion chamber 70. One way valve 82 also isolates the gas
delivery 1line 76 from the gases produced as 2 result of
combustion in the pre-combustion zone 68 and combustion zone
72. )

The relative proportions of gaseous fuel deiivered
to the pre-combustion zone 68 and the combustion zone 72 is
largely controlled by the size of an aperture provided within
the one way valve 82 in its open condition. Typicaliy. the
size of the aperture in one way valve 82 is selected s: tha<
becween 1 percent to 10 percent of the gaseous fuel suppiied
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76 to the pre-combustion zone 68, and the remainder of the
gaseous fuel is delivered by gas delivery line 78 tc the
combustion zone 72 within cylinder 64. Typically. the gas

* delivery line 78 delivers gas to the combustion zone 72 via the

engine manifold and inlet valve system. In this embodiment,
the one way valve 82 1s selected so that 4 percent of the
gaseous fuel from the common injector 80 is delivered to the
pre-combustion zone 68. however the exact relative proportions
of gaseous fuel delivered to the pre-combustion zone 68 and
combustion zone 72 respectively will depend on the operating
characteristics of the particular engine. From the above
description, it will be apparent that the relative propercions
d: gaseous fuel delivered by the first and second gas delivery
lines 76. 78 is fixed for this particular engine, as determined
by the size of the aperture within one way valve 82. However,
it is possible to arrange the gas fuel delivery means 60 so
that the relacive proportions of gasecus fuel delivered by the
first and second gas delivery lines 76, 78 can be varied, by,
for example, supplying gaseous fuel to the delivery lines 76,
78 from séparace gas injectors. The amount of gaseous fuel
delivered by the gas injectors to the respective delivery lines
7€. 78 could then be varied, for example. under the contrci of
2n engine management system,

The relative propoxtions of gaseous fuel delivered
to the pre-combustion chamber and the cylinder for a particular
engine can be determined as follows. The objective is to
achieve a gas/air ratio in the pre-combustion chamber (PCC)
which will ignite easily from a spark plug. In one embodimert.
natural gas is used as the gaseous fuyel. Natural gas is
composed mainly of methane and has a stoichiometric gas/air
ratio of 0.095 (9.5%). Ignition can still be achieved within
the range of approximately 6.0 to 15.0% with a PCC, however
MOST reliable ignition is achieved at near stecichiometzi
conditiens.

There are many variables which conctribute to tne
overall decermination ©of the desired quantity of gas =tha:z
shouléd be diverted to the PCC, To faciligage whs

section vVview. The gconpression ignition engine of
eomveTted to a gas fuelled, spark ignition engine,
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val ve 100 Caﬁgﬁxgqiaghgnglne. due to its desired output and gas quality.

A low PCC/MCC is desirable to reduce the local thermal losses

of the PCC, however the variability of the gas flow control at

the PCC will dictate a practical limit. The level of

gas/cylinder wvolume is dictated by the designed maximum

absolute boost pressure, compression ratic and engine oucput

requirements.
The following definitions and formula apply:
PCVFRN = Pre-chamber volume fraction - fractica of
clearance valume occupied by PCC.
PCGFRN = Pre-chamber gas fraction =~ fraction oI gas
injected into the PCC.
CR = Compression ratio.

= Clearance vol + swept vol (1C0}
Clearance vol
v .= Clearance volume
sSwept vol (100)
Compression ratio - 1

it

Gv = Gas volume injected by one injector
PCGV = Pre~-chamber gas volume injected
= GV x PCGFRN
PCV = Pre-chamber volume
= CV X PCVFRN
MCGV = Main Chamber {(or cylinder) gas volume
= GV-PCGV
MCAV = Main chamber air volume
= 100-MCGV
MCGR = Main chamber gas ratio
= MCGV/MCAV

THETA = Spark advance angle (¢ -~ 1.57 Radians)
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A number of iterations can be performed by varying
the PCC/MCC gas ratio until near stoichiometric conditions are
achieved for the complete range of envisaged spark advance
settings. In one embodiment this process indicated that &
PCGFRN of 0.04 (4%) achieve§ near stoichiometric conditions
over a range of spark advance settings (THETA) of 0.0 to C.523€
radians. PCVFRN was set at 0.08, CR at 12.5 and CV of
8.6956512 (cylinder of volume size 100 units).

The operation of the gas delivery system illustraced
in Figure 2 is similar to that of the system illustrated in
Figure 1. During the air inlet stroke of piston 66 a mixture
of gaseocus. fuel and air are delivered to the combustion zone
72, while simultaneously gaseous fuel ohly is delivered to the
pre-combustion zone 68 via one way valve 82. During e
compression stroke of the piston 66 some of the air fuel
mixture within combustion 2zone 72 communicates into pre-
combustion chamber 70 via orifice 74, and ignition of gaseous
fuel is initiaced within the pre~-combustion zone 68 by ignition
source 62. By this stage, one way valve 82 has closed. Due
to the relatively rich fuel to air ratio within pre-combustion
zone 68 ignition can be readily achieved and a chemical
reaction occcurs via the path of the resultant gases througn
orifice 74 from the pre-combustion zone 68 to the combustion
zone 126 to produce ignition of the lean gaseous fuel/air
mixture in the combustion zone 72. Hence, the gas fuelled
internal combustion engine can be operated within a2 lean burn
regime without fear of engine misfire.

In Figure 3 the cylinder head 84 of a compression
ignition engine is illustrated in section view. The
compression ignition engine of Figure 3 has been convertec tc
a gas fuelled, spark ignition engine, and incorporaces &-
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which is similar to that of Figure 2. A casing 86 is fixed
within a bore 88 provided in the cylinder head 84, so that
cooling water 89 circulating within the cylinder head also
cools the casing 86. Casing 86 defines a pre-combustion
chamber 30 thefein. and is manufactured from a material having
a high thermal conductivity so that some of the heat generated
within the pre-combustion chamber 80 is conducted through the
walls of the casing 86 to the cooling water 83. The pre-
combustion chamber 90 defines a pre—-combustion zone 92 therein,
and is in direct communication with a cylinder 94 of the
engine, within which a combustion zone 96 is located.

Casing 86 also houses therein an ignition source 98
(spark plug)}, and a one way valve 100. Gaseous fuel 1is
delivered to the one way valve 100 via a gas delivery line 102.
similar to that of Figure 2.

The operation of the gas delivery system oif Figure
3 is similar to that of Figure 2, and will not be described
again in detail here. The one way valve 100 controls the
relative proportions of gasebus fuel delivered to the pre-
combustion zone §2 and combustion zone 96, via respective gas
delivery lines and a common gas injector {(not illustrated).
The combustion process is initiaced by spark plug 98 within the
pre-combustion zone 92, and the resultant effects of gaseous
fuel ignition in the pre-combustion zone $2 are directed via
orifice 93 to the combustion zone 96 to achieve combustion of
the remaining gaseous fuel.

Obviously, the arrangement of the pre-combustion
chamber 90 within the cylinder head 84 of the engine may vary
considerably from that illustrated in Figure 3 depending on the
type of engine, particularly where the pre-combustion cnamber
is incorporated within the cylinder head at the time of
manufacture of the engine, rather than as a2 result ¢f &
conversion of a compression ignition engine to a spark igniciorn
gas fuelled or dual fuel 'engine. In a dual fuel engine, the
gas delivery system according to the invention can also be used
to deliver pilot fuel to the engine.

It will be apparent from the above description that

controrted~so-thafl -cqabustion in the conmbusti on zone can
be achieved with mininum gaseous fuel w thout fear of engine msfire.
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engine misfire. Combustion in the pre-combustion zone produces
a flame front and radical, molecules which will easily and
quickly ignite the relatively lean mixture in the combustion
zone, thus resulting in high engine efficiencies, ie. more
combustion close to piston top dead centre (TDC)} and lower
losses due to dissociacion. and thermal considerations. which
both increase rapidly as the peak cycle temperature increases.
Furthermore, emissions of carbon monoxide. hydrocarbons and
nitrous oxides can be lowered due to the overall lean
combustion process. The simplicity and elegance of the gas
delivery system according to the invention enables it to be
readily incorporated in a conventional engine and/or a2
conventional engine can be easily converted to a gas fuelled
engine. )

Furthermore, now that preferred embodiments ¢f the
gas delivery system have been described in detail, it will be
obvious to persons skilled in the mechanical arts. tha:
numerous modifications anpd variations may be made tc the
illustraced embodiments, in addition to those already.
described, without departing £rom the basic inventive concepts.
For example, the relative proportions of gaseous fuel delivered
to the pre-combustion zone and the combustion zone
respectively, may be determined by the relative diameters of
the respective gas delivery lines. All such variations’ and
modifications are to be considered within the scope of the
present invention, the nature of which is to be determined from
the foregoing description and the appended claims.



to the pre- Q@Bbﬁ&i‘n "szohéé;nand th r ,
det.erm ned by The Tel atlve di: ametﬁ mﬁ“‘ﬂu@ﬁmtl RERLAGEMENTISHEET S .
Al'l such varijat L]G}"I‘zAﬁ |f| catlonSc are mo be eon
of the presient i on, the nature of whichis to

ered }Sﬁ s@iope
linm r.om he

f or egoi ng ese++—1a{—r—erﬁ-an-d he appended cl ai ns. '
- 14 - THH CLAI M5 DEFI NI NG THE | I\I\/E_I\FI;IP\I ARE AS FOLLOWE:

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A gas delivery system for a gas fuelled internal
combustion engine, the system comprising:

gas fuel delivery means for delivering a controlled
amount of gaseous fuel to a region adjacent a source of
ignition, said region comprising a pre-combustion zone located
in a separate pre-combustion chamber which is located in
immediate proximity to said ignition source and which is in
direct communication through an orifice with a combustion zone
located in a cylinder of the engine, said gas fuel delivery
means comprising first and second gas delivery lines for
delivering a controlled amount of gaseous fuel to said pre-
combustion zone and combustion zone respectively from a common
gas injector, and further comprising gas control means for
controlling the relative proportions of gaseous fuel delivered
by said first and second delivery means respectively whereby,
in use, combustion in said combustion zone can be achieved with
minimum gaseous fuel by initiating ignition of gaseous fuel in
said pre-combustion zone.

2. A gas delivery system as claimed in claim 1, wherein,
said gas control means comprises a gas flow valve for
controlling the quantity of gaseous fuel delivered to said pre-,
combustion zone and/or combustion zone.

3. A gas delivery system as claimed in claim 2, wherein
said gas flow valve is a one way valve for controlling the
quantity of gaseous fuel delivered via said first gas delivery
line to said pre-combustion chamber.

4. A gas delivery system as claimed in claim 1, wherein
the relative proportions of gaseous fuel delivered by said
first and second delivery means is fixed for a particular
engine.
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6. A gas delivery system as claimed in claim 3, wherein
said ignition source and one way valve are housed in a c¢asing
mounted above the cylinder in a cylinder head of the engine,
and wherein said pre-combustion chamber is defined by the
casing and is manufactured from a material having a thermal
conductivity adapted to allow heat generated within the pre-
combustion chamber to be conducted through a wall of the casing
to cooling water in the cylinder head.
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2. . A.pap” d‘e1“rve1=-y sys,t ‘emas claimed in claim1, wherein, said gas
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fuel deliver gas delivery line to said pre conbustion
chanber . 4. A gas del i vegys DEstwwRyagysTEni ned in claim 1, wherein

the relative proportions of gaseous fuel delivered by said first and second
delivery nmeans is fixed for a particul ar engine.

Abstract

A gas delivery system for gas fuelled internal combustion engines, comprising 2 gas fuel delivery
means (10) for delivering a controlled amount of gaseous fuel to a region adjacent a source of ignition

(26). The gas fuel delivery means (10) comprises first and second delivery means (16, 18) for
delivering gaseous fuel to a pre-combustion zone (12) and a combustion zone (14) respectively, Gas
control means (20, 22) control the relative proportions of gaseous fuel delivered by the first and
second delivery means (16, 18) respectively so that combustion in the combustion zone (14) can be
achieved with minimum gaseous fuel by initiating ignition of gaseous fuel in the pre-combustion zone -
(12). Thus, the fuel/air ratio within the combustion zone (14) can be minimise (lean burn regime)
without the onset of engine misfire.

(FIGURE 3 IS SUGGESTED FOR PUBLIGATION)
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gas delivery sysT ifn claim 3, wherein said' |gn|t|on source and

one way val ve pre housed in_a casi ng nounted above the cylinder in a
cylinder head of the engine;
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and wher ei n~Ea%%?-c L8 L (
manuf act ur eq&F eif-g rmteclal’ having a thermal conducti vif !ﬁ%l%
heat generati;eci""'vvithi n the phied conbustion chanber to be iﬁ:W 3@5’% Fou %;IO
wal | of the .cé;‘si Ro7 SANCBBI | Ag fwater in the cylinder head{;:wﬁ 47 38
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