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Description

[0001] The present invention relates, generally, to an
ignition system and, more specifically, to an ignition sys-
tem for an internal combustion engine having atleast one
combustion chamber with an injector, ignition device, and
a pre-chamber that may be employed to ignite a small
charge, which is then used to ignite the main air fuel
charge in the main combustion chamber of the internal
combustion engine.

[0002] Internal combustion engines known in the relat-
ed art may generally include, among other basic compo-
nents, an engine block having one or more cylinders,
cylinder heads associated with the engine block, and pis-
tons supported for reciprocal movement in each cylinder.
The pistons are generally connected to a connecting rod
which, in turn, rotates a crankshaft. Generally speaking,
fuel is combusted within the cylinders to reciprocate the
pistons. The piston drives the connecting rod, which
drives a crankshaft, causing it to rotate within the engine
block.

[0003] In addition to such standard arrangements, it is
also known to employ pre-chambers where a small
charge of fuel is ignited and then used to ignite the main
charge in the main combustion chamber. Over the years,
many different pre-chamber designs and arrangements
have been proposed in the related art. However, internal
combustion engines having pre-chambers have notbeen
widely commercially accepted in the automotive industry,
typically because they suffer from higher costs and com-
plexity and sometimes without any significant increase
in fuel economy or reduction in pollutants, such that the
added cost cannot be justified.

[0004] Prior documents US 2014/0 144 406 A1 and
US 5,522,357 A show conventional internal combustion
engines including a pre-chamber. Moreover, US 2012/0
103 302 A1 shows an ignition system according to the
preamble of claim 1 and an internal combustion engine
according to the preamble of claim 3.

[0005] Thus, there remains a need in the art for an
ignition system for an internal combustion engine that
improves fuel economy, reduces pollutants generated by
the products of combustion, and that is not overly com-
plex and is cost-effective to manufacture. The present
invention overcomes the disadvantages in the related art
in an ignition system according to claim 1 and an internal
combustion engine according to claim 3.

[0006] In one embodiment, the turbulent jet ignition
pre-chamber combustion system of the presentinvention
employs an orifice diameter that is kept small to promote
flame quenching as the combustion products exit out of
the pre-chamber into the main combustion chamber. The
combustion products then react with the main fuel charge
and initiates combustion in the main fuel chamber at mul-
tiple locations through chemical, thermal and turbulent
effects some distance away from the pre-chamber noz-
zle. In this way, the ignition system of the present inven-
tion is capable of high-drive cycle (part load) fuel econ-
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omy improvements that can reach up to 30% over base-
line conventional spark ignition systems in an optimized
engine, as well as high-peak thermal efficiencies (greater
than 45%) at wide-open throttle (WOT). These engine
performance enhancements are due to a combination of
combustion improvements, reduced heat losses, the
near elimination of disassociation due to the low com-
bustion temperatures and reduced engine throttling at
part-load. Additionally, the ignition system of the present
invention facilitates low temperature combustion that is
capable of near zero engine-out NOx emissions, while
overcoming previous pre-chamber combustion hurdles
of reduced peak performance (BMEP) and uncontrolla-
ble hydrocarbon (HC) and carbon monoxide (CO) emis-
sions when compared to conventional spark ignition com-
bustion systems. Thus, the ignition system of the present
invention can be utilized in engines with existing emission
control systems found on conventional passenger vehi-
cles (oxidation and three-way catalyst) to meet current
and future emission regulations. Finally, the ignition sys-
tem of the present invention also provides a "bolt on" fix
capable of working with any spark ignition engine (pre-
or post-production) with no base engine hardware mod-
ification required using carbon-based fuels.

[0007] Other objects, features, and advantages of the
present invention will be readily appreciated as the same
becomes better understood after reading the subsequent
description taken in conjunction with the accompanying
drawings.

FIG. 1 is a partial cross-sectional side view of the
ignition system of the present invention mounted in
an internal combustion engine having at least one
combustion chamber formed by a piston disposed
in a cylinder and enclosed by a cylinder head;

FIG. 2 is an enlarged perspective view of the ignition
system of the present invention;

FIG. 3 is an enlarged partial cross-sectional side
view of the ignition system of the present invention
mounted in an internal combustion engine;

FIG. 4 is an enlarged partial cross-sectional side
view illustrating the injector and ignition device flush
mounted in the pre-chamber of the ignition system;

FIG. 5 is an elevational view of the upper portion of
the combustion chamber illustrating the disposition
of the ignition system relative to the intake and ex-
haust ports;

FIG. 6 is a partial elevational view illustrating the or-
ifices of the pre-chamber nozzle;

FIG. 7 is a graph illustrating the ignition sequence
for the ignition system of the present invention over
one complete engine cycle;
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FIG. 8A is a graph illustrating combustion stability
versus exhaustlambda (1) ina comparison of a spark
ignition and turbulent jet ignition system of the
present invention;

FIG. 8B is a graph illustrating intake manifold abso-
lute pressure as well as pumping mean effective
pressure versus exhaust A in a comparison of a
spark ignition and turbulent jet ignition system of the
present invention;

FIG. 8C is a graph of thermal efficiency versus ex-
haust A in a comparison of a spark ignition and tur-
bulent jet ignition system of the present invention;

FIG. 8D is a graph illustrating exhaust port temper-
ature versus exhaust A in a comparison of a spark
ignition and turbulent jet ignition system of the
present invention;

FIG. 8E is a graph illustrating normalized thermal
efficiency relative to A equals one (stoichiometric op-
eration) spark ignition versus exhaust A in a com-
parison of a spark ignition and turbulent jet ignition
system of the present invention;

FIG. 8F is a graph illustrating engine out NOx emis-
sion versus exhaust A in a comparison of a spark
ignition and turbulent jet ignition system of the
present invention;

FIG. 8G is a graph of engine out HC emissions ver-
sus exhaust A in a comparison of a spark ignition
and turbulent jet ignition system of the present in-
vention;

FIG. 8H is a graph illustrating engine out CO emis-
sions versus exhaust A in a comparison of a spark
ignition and turbulent jet ignition system of the
present invention;

FIG. 9A is a graph of crank angles versus exhaust
A illustrating the burn angles in a comparison of a
spark ignition and turbulent jet ignition system of the
present invention;

FIGS. 9B and 9D are graphsiillustrating 0-10% mass
fraction burn versus exhaust A in a comparison of a
spark ignition and turbulent jet ignition system of the
present invention; and

FIGS. 9C and 9E are graphs illustrating 10-90%
mass fraction burn versus exhaust A in a comparison
of a spark ignition and turbulent jet ignition system
of the present invention.

[0008] The presentinvention overcomes the disadvan-
tages in the related art in an ignition system, generally
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indicated at 10 in FIGS. 1-6, where like numerals are
used to designate like structure throughout the drawings.
As shown in FIG. 1, the present invention is particularly
adapted for use in an internal combustion engine, gen-
erally indicated at 12. In this case, the ignition system 10
of the present invention is illustrated in connection with
a single cylinder 14 of an internal combustion engine 12.
Those having ordinary skill in the art will appreciate that
the engine 12 illustrated in FIG. 1 is but one of the many
configurations of an internal combustion engine with
which the present invention may be employed. By way
of example, the present invention may be employed in a
two-stroke or four-stroke engine. In addition, the ignition
system 10 may also be employed in a multiple-cylinder
engine where the cylinders may be arranged in an inline,
V-shaped, orflatmanner, or any other manner commonly
known in the art. The present invention may also be em-
ployed with a carburetor or fuel injected internal combus-
tion engine having either port or direct injection of the
fuel air charge into the main combustion chamber.

[0009] With continuing reference to FIG. 1, the internal
combustion engine 12 includes an engine block 16 hav-
ing one or more cylinders 14, and a cylinder head, gen-
erally indicated at 18, associated with the engine block
16. A piston, generally indicated at 20, is supported for
repeated reciprocal movementin the cylinder 14. Togeth-
er, the piston 20, cylinder 14 and cylinder head 18 coop-
erate to define a combustion chamber 22. A connecting
rod, generally indicated at 24, is secured to the piston 20
through a piston pin 26. A crankshaft 28 is associated
with the connecting rod 24 and an oil pan 30 is associated
with the engine block 16. The cylinder head 18 defines
an intake manifold 32 and an exhaust manifold 34. At
least one intake port 36 is defined in the intake manifold
32 and at least one exhaust port 38 is defined in the
exhaust manifold 34. The intake and exhaust ports 36,
38 are opened and closed via cam driven valves (not
shown) to provide fluid communication between the cyl-
inder 14 and the intake manifold 32 and the exhaust man-
ifold 34, respectively. As illustrated in the view of the up-
per portion of the combustion chamber shown in FIG. 5,
in one embodiment, the internal combustion engine 12
may include two intake ports 36 and two exhaust ports
38. However, those having ordinary skill in the art will
appreciate that the internal combustion engine 10 may
include any number of intake and exhaust ports. In ad-
dition, and in the embodiment illustrated in FIG. 1, the
internal combustion engine 12 also includes a fuel injec-
tor 40 mounted in the intake manifold 32 as a means of
introducing the main fuel/air charge into the combustion
chamber 22 through the intake port 36. Similarly, prod-
ucts of combustion exit the combustion chamber 22
through the exhaust port 38. Those having ordinary skill
in the art will appreciate that the engine 12 may employ
an injector that injects the main fuel charge directly into
the combustion chamber 22. Similarly, the engine 12 may
also include a number of other conventional components
that are commonly known in the art and will not be de-
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scribed in detail here.

[0010] Generally speaking, a fuel/air mixture is intro-
duced into the combustion chamber 22 via the intake port
36. This constitutes the main fuel charge. The fuel is com-
busted in the combustion chamber 22 of the cylinder 14
to reciprocate the piston 20, as will be described in great-
er detail below. The piston 20 drives the connecting rod
24 which drives the crankshaft 28 causing it to rotate
within the engine block 16. Specifically, the combustion
pressure within the cylinder 14 drives the piston 20 down-
ward in a substantially linear motion. On the other hand,
movement of the crankshaft 28 drives the connecting rod
24 in a substantially rotational motion. The torque from
the crankshaft 28 may be utilized to drive any other com-
ponent or related systems as is commonly known in the
art.

[0011] Referring now to FIGS. 2-6, the ignition system
10 of the present invention includes a housing, generally
indicated at 42, that is defined in the cylinder head 18 of
the internal combustion engine 12. In one embodiment,
the housing 42 is a separate component that is opera-
tively supported in the cylinder head 18 of the internal
combustion engine. However, those having ordinary skill
in the art will appreciate that the housing 42 may be es-
sentially defined in and form an integral part of the cylin-
der head 18. In any event, and in the embodiment illus-
trated in these figures, the cylinder head 18 may include
aport44 (FIG. 1) thatreceives the housing42inamanner
such that the housing 42 is sealingly engaged with the
cylinder head 18, as will be described in greater detail
below. In addition, and as described in greater detail be-
low, the port 44 may be ofthe substantial size and location
that formerly received a standard sparkplug in an internal
combustion engine 12. This feature facilitates the retro-
fitting of existing engines with the ignition system 10 of
the present invention. As best shown in FIG. 3, the hous-
ing 42 defines a sparkplug cavity portion 46, an injector
cavity portion 48, and a pre-chamber 50. Each of these
components and their interrelationship with other com-
ponents of the ignition system 10 will be described in
greater detail below.

[0012] The housing 42 also includes a substantially cy-
lindrical portion 52 having an annular groove 54 disposed
about the cylindrical portion 52. As best shown in FIG.
4, an O-ring seal 56 is operatively received in the groove
54 and adapted for sealing engagement with the cylinder
head 18. In addition, the housing 42 also includes a frus-
toconically-shaped portion 58 having flats 60 formed
thereon (FIG. 2). The flats 60 cooperate with correspond-
ing surfaces formed on the cylinder head 18 to stabilize
and help fix the housing 42 relative to the cylinder head
18 (FIG. 4). The frustoconically-shaped portion 58 termi-
nates in a shoulder 62 that is juxtaposed to a shoulder
64 defined on the cylinder head 18. A sealing washer 66
may be employed between these two shoulders 62, 64
to seal the ignition system 10 within the cylinder head
18. The housing 42 also includes a terminal portion, gen-
erally indicated at 68, that includes external threads 70
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and internal threads 72. The external threads 70 coop-
erate with threads 74 formed on the cylinder head 18 to
mount the housing 42 therein. Those having ordinary skill
in the art will appreciate that the ignition system may in-
clude any other appropriate seals or fastening mecha-
nisms necessary to securely mount the ignition system
in the cylinder head 18.

[0013] The pre-chamber 50 defines a proximal portion
76 and a pre-chamber nozzle, generally indicated at 78,
disposed spaced from the proximal portion 76 of the pre-
chamber 50. As best shown in FIG. 4, the pre-chamber
50 includes frustoconically-shaped sidewalls 80 that ex-
tend substantially from the proximal portion 76 to the pre-
chamber nozzle 78 and defines a predetermined volume
of the pre-chamber. The pre-chamber nozzle 78 defines
a longitudinal axis A and includes a plurality of orifices
82 disposed spaced from one another and providing fluid
communication between the pre-chamber 50 and the
combustion chamber 22. According to the invention, the
orifices 82 have diameters in a range extending between
0.7 mmto 2.0 mmand are disposed about the longitudinal
axis Ain spaced relation with respectto each other. More-
over, still according to the invention, the ratio of the orifice
diameter to the pre-chamber volumeisin arange of 0.048
I/lem2to 0.067 l/cm2. This ratio provides optimal minimum
and maximum proportional component sizing to ensure
effective penetration of radical turbulent jets into the main
combustion chamber. This effective penetration in turn
ensures optimal distribution of the ignition points resulting
from the radical turbulent jets in the main combustion
chamber thereby producing an effective and optimal
combustion event as will be described in greater detail
below. The pre-chamber nozzle 78 is substantially cup
shaped and includes external threads 84 that cooperate
with the internal threads 72 on the terminal portion 68 of
the housing 42 to mount the nozzle 78 thereon.

[0014] The ignition system 10 also includes an ignition
device, generally indicated at 86, operatively received in
the sparkplug cavity portion 46. The ignition device 86
includes an igniter portion 88 that substantially faces the
pre-chamber 50. Likewise, an injector 90 is operatively
received in the injector cavity portion 48. The injector 90
has a nozzle 92 that substantially faces the pre-chamber
50. The ignition system 10 also includes a cooling tube
94 (FIG. 2) that provides fluid communication between a
source of cooling fluid and the housing 42. The cooling
fluid may be either air, water, or any other fluid suitable
for this purpose. However, those having ordinary skill in
the art will appreciate that the cooling tube 94 and the
provision for a cooling fluid is optional. In addition, the
ignition system 10 of the presentinvention may also em-
ploy a direct-injection installation sleeve 96 (FIG. 2) that
surrounds the injector 90 and stabilizes this component
within the port 44 formed in the cylinder head 18.
[0015] The igniter portion 88 of the ignition device 86
and the nozzle 92 of the injector 90 are operatively sup-
ported in the proximal portion 76 of the pre-chamber 50
and disposed flush therewith such that the injector 90
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delivers a predetermined quantity of fuel into the pre-
chamber 50. The igniter portion 88 ignites the fuel in the
pre-chamber 50. Once ignited, the fuel is forced through
the orifices 82 of the pre-chamber nozzle 78 such that
the flame is extinguished. Even though extinguished, the
products of this pre-chamber combustion are disbursed
through the combustion chamber 22 so as to ignite the
main fuel charge therein.

[0016] An ignition sequence employing the ignition
system 10 of the present invention is illustrated in FIG.
7. The ignition sequence differs from conventional spark
ignition fueling strategy in that there is an addition of pre-
chamber fuel (approximately 2% of total energy) that is
injected into the pre-chamber 50 via the injector 90 and
then ignited via the ignition device 86. The pre-chamber
fueling event is timed to end at approximately 50° before
spark discharge. This ensures that a rich, plentiful mix-
ture can be contained in the pre-chamber 50 which has
been proven to chemically enhance the combustion proc-
ess through the formation of active radicals.

[0017] The net effect of this phenomenon is to create
a condition called "turbulent jet ignition." Turbulent jet
ignition enables very fast burn rates due to the ignition
system 10 producing multiple, distributed ignition sites
which consume the main charge rapidly and with mini-
mum combustion variability. The relatively small size of
the orifices 82 causes burning mixture to travel quickly
through the orifices 82 which, as mentioned above, ex-
tinguishes the flame, but seeds the combustion chamber
22 with partially combusted pre-chamber products. The
pre-chamber combustion products entrain and ignite the
main chamber charge through chemical, thermal, and
turbulence effects some distance away from the pre-
chamber 50, thus producing a distributed ignition system.
[0018] As noted above, the diameter of the orifices 82
and the ratio of these diameters to the volume of the pre-
chamber create a turbulent jet that penetrates deeper
into the main charge. To this end, and as a means of
avoiding impinging on the combustion chamber wall, in
one preferred embodiment, the pre-chamber volume is
relatively small. The fast burn rates allow for increased
levels of dilution (lean burn and/or exhaust gas recircu-
lation [EGR]) when compared to conventional spark ig-
nition combustion. The high diluent fraction has enabled
the ignition system 10 of the present invention to record
an 18% improvement in fuel consumption in a non-opti-
mized engine when compared to conventional stoichio-
metric spark ignition combustion. However, itis projected
that the present invention will realize as much as 30%
improvement in fuel consumption in an engine that has
an optimized combustion chamber. The efficiency im-
provements are due to a combination of combustion im-
provements, the near elimination of dissociation due to
low combustion temperatures and reduced engine throt-
tling. Additionally, the low temperature combustion has
resulted in single digit parts per million (ppm) engine out
(NOx) emissions with controllable levels of HC and CO
emissions.
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[0019] FIGS. 8A-8H display relevant data derived from
a single cylinder performance of the ignition system of
the present invention including efficiency and emission
comparisons between the present invention and stand-
ard spark ignition engines at fixed speed/load worldwide
mapping point of 1.500 rev/min, 3.3 bar indicated net
mean effective pressure (IMEPn). The spark ignition
tests were conducted with gasoline which was port fuel
injected, while the ignition system of the presentinvention
utilized a mixture of approximately 98% gasoline and 2%
propane. The gasoline was port fuel injected into the main
chamber while the propane was directly injected into the
pre-chamber. However, those having ordinary skill in the
artwill appreciate thatany carbon based fuel can be used
for the pre-chamber fuel.

[0020] More specifically, FIG. 8A illustrates a combus-
tion stability comparison up to 10% coefficient of variance
in gross IMEP (CoV IMEPQg) limit for both rich and lean
conditions. The excess air results show that the ignition
system of the present invention can operate up to an
exhaust A of 2.1 compared to only 1.4 for standard spark
ignition systems.

[0021] FIGS. 8B, 8C and 8D illustrate that the lower
exhaust temperatures associated with high excess air
rates may be near the lower temperature limits needed
for efficient HC and CO oxidation. For equivalent exhaust
A, the ignition system of the present invention produces
exhaust temperatures that are, on average, 20° ¢ to 40°
¢ lower than spark ignition due to improved burn rates
which minimize the host lost to the exhaust system. In
addition, another major benefit of the ignition system of
the present invention when compared to other low tem-
perature combustion systems is that the combustion
phasing can be manipulated by altering the pre-chamber
spark discharge, thus providing a relatively simple meth-
od of combustion control for emissions and fuel economy.
In addition, these figures illustrate that the engine de-
throttling (increased manifold pressure while maintaining
the same load) using the ignition system of the present
invention operates at approximately 30 kPa higher MAP
for the same load relative to stoichiometric spark ignition.
This enables pumping losses to be reduced by approxi-
mately 0.3 BAR PMEP.

[0022] FIG. 8E highlights the fact that the ignition sys-
tem of the present invention, when employed in a single
cylinder test facility, was able to produce an 18% fuel
economy improvementwhen compared to stoichiometric
spark ignition combustion. As noted above, the efficiency
improvements are due to a combination of combustion
improvements, the near elimination of dissociation due
to the low combustion temperatures, and the reduced
engine throttling.

[0023] FIGS. 8F and 8G illustrate engine out emission
comparisons between the engine employing the ignition
system of the present invention versus a standard spark
ignition engine. As noted above, with the ignition system
of the present invention, the internal combustion engine
may employ high levels of excess air in the main fuel/air
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charge. High levels of excess air facilitates very low en-
gine out NOx emissions due to the lower peak combus-
tion temperatures. FIGS. 8F and 8G illustrate that when
the jet ignition system of the present invention is em-
ployed in an internal combustion engine, NOx emissions
are reduced to almost zero levels (less than 10 ppm) for
exhaust A values greater than 1.8. This benefit associ-
ated with the ignition system of the present invention of-
fers unique emission control opportunities and strategies
that are not possible with spark ignition lean burn appli-
cations. The very low engine out NOx emissions past
A11.8 offer the possibility of eliminating the requirement
for lean NOx after treatment for emission control. Rather,
with the ignition system of the present invention engine
out emissions can be controlled with a conventional
three-way catalyst.

[0024] FIGS. 8G and 8H provide comparisons for HC
and CO emissions between the two systems. These two
figures highlight the fact that there are significantincreas-
es displayed as the rich or lean dilution limit is reached
for each combustion system.

[0025] FIGS. 9A through 9E illustrate combustion
burn comparisons for both spark ignition and an internal
combustion engine employing the ignition system of the
present invention with increasing dilution levels up to the
combustion stability limit of 1,500 rev/min, 3.3 BAR IM-
EPn. FIG. 9A shows the spark discharge at 10%, 50%,
and 90% burn angle locations. The burn angle represents
the crank angle taken to burn 10-90% of the mass fraction
(the fuel charge). FIGS. 9B and 9D and FIGS. 9C and
9E highlight the 0-10% and 10-90% mass fraction burn
durations, respectively.

[0026] The data related to the burn angles illustrated
in FIGS. 9A illustrates that the ignition system of the
presentinvention can tolerate considerably higher levels
of dilution in the lean region. The distributed ignition
caused by the turbulent jets that results from the ignition
system of the present invention provides significantly in-
creased burn rates, with faster flame initiation and hence
propagation. It is also noted that the optimum 50% burn
angle for both spark ignition and the ignition system of
the present invention occurs in the 6-8° ATDC CA range
across varying excess air dilution, despite a fundamen-
tally different combustion process. Moreover, with the
ignition system of the present invention, flame initiation
occurs more rapidly than with spark ignition across the
entire dilution range.

[0027] As bestshown in FIGS. 9B and 9D, the excess
air turbulent jet ignition 0-10% mass fraction burn results
highlight that the flame initiation does not significantly
change with increasing A, hovering constantly near
20-25° CA. This is due to the near constant mixture com-
position in the pre-chamber coupled with the distributed
ignition sites provided by the jets and the high levels of
chemically active species presentin the combusting jets.
In the case of an internal combustion engine employing
spark ignition, it takes longer to initiate and stabilize the
flame kernel after the spark discharge due to the reduced

10

15

20

25

30

35

40

45

50

55

kernel growth associated with the diluted mixture.
[0028] The 10-90% mass fraction burn data shown in
FIGS. 9C and 9E is indicative of the mixture’s ability to
propagate a flame. These results highlight the fact that
in cases, flame propagation slows with increasing dilution
due to reduced flame speeds associated with richer or
leaner mixtures and lower combustion temperatures. As
with the 0-10% burn duration, the 10-90% burn duration
is shorter with the ignition system of the presentinvention
than with spark ignition. The effect of the jet is less pro-
nounced during the flame propagation part of the burn
process as once the gasoline is ignited in the main cham-
ber, the 10-90% burn data is more an indication of the
multiple flame fronts propagating through the main fuel.
However, the pre-chamber fuel continues to play a role
during the main fuel combustion, as is evident by the
shorter burn duration that occurs with the ignition system
of the present invention relative to spark ignition. This is
due to the enhanced combustion provided by the pre-
chamber fuel and the high levels of active radicals pro-
duced in the combusting jet being maintained in the prop-
agating flame.

[0029] Thus, the ignition system of the present inven-
tion achieves significantly improved operating parame-
ters by employing a number of features that facilitate
these results. For example, the relatively small pre-cham-
ber volume of less than 2% of the clearance volume min-
imizes crevice volume, HC emissions, heatloss, surface-
to-volume ratio effects and pre-chamber residual gas.
The relatively small orifices 82 (having diameters in a
range between 0.7 mm to 2.0 mm in size) that provide
fluid communication between the pre-chamber 50 and
the main combustion chamber 22 allow flame quenching
and penetration into the combustion chamber 22. Com-
busted pre-chamber products (chemical, thermal, and
turbulent effects) initiate main chamber combustion in
multiple locations. In addition, the separately fueled pre-
chamber 50 that employs a flush-mounted electronically
controlled direct injector 86 allows a rich mixture to be
contained in the pre-chamber 50 while the combustion
chamber 22 is heavily diluted with excess airand/or EGR.
The location of the injector 86 at the proximal portion 76
of the pre-chamber 50 assists in scavenging the pre-
chamber residuals and minimizing crevice volume.
Where the internal combustion engine employs a sepa-
rately fueled combustion chamber 22 using an electron-
ically controlled port fuel injection, for example, or direct
injection, the present invention allows homogenous or
stratified combustion chamber mixtures and thus
HC/NOx emission control. In addition, the spark plug in-
itiated pre-chamber combustion employing a flush
mounted ignition device 86 with electronically controlled
ignition allows simple combustion phasing control. More-
over, the ignition system 10 of the present invention uti-
lizes commercially available fuel such as gasoline, pro-
pane or natural gas, for both the main and pre-chamber
combustion cavities.

[0030] In this way, the ignition system of the present
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invention is capable of high-drive cycle (part load) fuel
economy improvements that can reach up to 30% over
baseline conventional spark ignition systems in an opti-
mized engine, as well as high-peak thermal efficiencies
(greater than 45%) at wide-open throttle (WOT). These
engine performance enhancements are due to a combi-
nation of combustion improvements, reduced heat loss-
es, the near elimination of disassociation due to the low
combustion temperatures and reduced engine throttling
at part-load. Additionally, the ignition system of the
presentinvention facilitates low temperature combustion
that is capable of near zero engine-out NOx emissions,
while overcoming previous pre-chamber combustion
hurdles of reduced peak performance (BMEP) and un-
controllable hydrocarbon (HC) and carbon monoxide
(CO)when compared to conventional spark ignition com-
bustion systems. Thus, the ignition system of the present
invention can be utilized in engines with existing emission
control systems found on conventional passenger vehi-
cles (oxidation and three-way catalyst) to meet current
and future emission regulations. Finally, the ignition sys-
tem of the present invention also provides a "bolt on" fix
capable of working with any spark ignition engine (pre-
or post-production) with no base engine hardware mod-
ification required.

[0031] The presentinvention has been described in an
illustrative manner. It is to be understood that the termi-
nology that has been used is intended to be in the nature
of words of description rather than of limitation. Many
modifications and variations of the present invention are
possible in light of the above teachings. Therefore, the
present invention may be practiced other than as specif-
ically described.

Claims

1. Ignition system (10) for an internal combustion en-
gine (12) having a cylinder head (18) and at least
one combustion chamber (22), said ignition system
comprising:

a housing (42) defined in the cylinder head (18)
of the internal combustion engine (12), said
housing (42) defining a pre-chamber (50);

an ignition device (86) supported in said housing
(42) and having an igniter portion (88) that sub-
stantially faces said pre-chamber (50);

an injector (90) supported in said housing (42)
and having a nozzle (92) that substantially faces
said pre-chamber (50);

said pre-chamber (50) defining a proximal por-
tion (76) and a pre-chamber nozzle (78) dis-
posed spaced from said proximal portion (76) of
said pre-chamber (50), said pre-chamber nozzle
(78) including a plurality of orifices (82) disposed
spaced from one another and providing fluid
communication between said pre-chamber (50)
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and the combustion chamber (22), and said pre-
chamber (50) defining a predetermined volume ;
said igniter portion (88) of said ignition device
(86) and said nozzle (92) of said injector (90)
being operatively supported in the proximal por-
tion of the pre-chamber (50) such that said in-
jector (90) delivers a predetermined quantity of
fuel into said pre-chamber (50), said igniter por-
tion (88) ignites the fuel in said pre-chamber (50)
such that the ignited fuel is forced through said
orifices of said pre-chamber nozzle (78) and ex-
tinguished, but dispersed through the combus-
tion chamber (22) so as to ignite the main fuel
charge therein,

characterised in that

the orifices (82) have a diameter in a range be-
tween 0.7 mm and 2.0 mm, and

the ratio of the orifices (82) diameter to the pre-
chamber volume is in a range between 0.048
1/cm?2 and 0.067 1/cm?2.

Ignition system 10 as set forth in claim 1, wherein
said pre-chamber nozzle (78) defines a longitudinal
axis A, said orifices (82) disposed about said longi-
tudinal axis A in spaced relation with respect to each
other.

Internal combustion engine (12) comprising:

an engine block (16) including at least one cyl-
inder (14), a piston (20) supported for repeated
reciprocal movement in said cylinder (14), and
a cylinder head (18);

said piston (20), cylinder (14) and cylinder head
(18) cooperating to define at least one combus-
tion chamber (22);

said cylinder head (18) including at least one
intake port (36) through which the main fuel air
charge may flow into said combustion chamber
(22) and at least one exhaust port (38) through
which the products of combustion may exit said
combustion chamber (22);

said internal combustion engine (12) further in-
cluding an ignition system (10), said ignition sys-
tem (10) including a housing (42) operatively
supported in the cylinder head (18) of the inter-
nal combustion engine (12), said housing (42)
defining a pre-chamber (50);

an ignition device (86) supported in said housing
(42) and having an igniter portion (88) that sub-
stantially faces said pre-chamber (50);

an injector (90) supported in said housing (42)
and having a nozzle (92) that substantially faces
said pre-chamber (50);

said pre-chamber (50) defining a proximal por-
tion (76) and a pre-chamber nozzle (78) dis-
posed spaced from said proximal portion (76) of
said pre-chamber (50), said pre-chamber nozzle
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(78) including a plurality of orifices (82) disposed
spaced from one another and providing fluid
communication between said pre-chamber (50)
and the combustion chamber (22), and said pre-
chamber (50) defining a predetermined volume ;
said igniter portion (88) of said ignition device
(86) and said nozzle (92) of said injector (90)
being operatively supported in the proximal por-
tion of the pre-chamber (50) such that said in-
jector (90) delivers a predetermined quantity of
fuelinto said pre-chamber (50), said igniter por-
tion (88) ignites the fuel in said pre-chamber (50)
such that the ignited fuel is forced through said
orifices (82) of said pre-chamber nozzle (78) and
extinguished, but dispersed through the com-
bustion chamber (22) so as to ignite the main
fuel charge therein,

characterised in that

the orifices (82) have a diameter in a range be-
tween 0.7 mm and 2.0 mm, and

the ratio of the orifices (82) diameter to the pre-
chamber volume is in a range between 0.048
1/cm2 and 0.067 1/cm?2.

Internal combustion engine (12) as set forth in claim
3, wherein said pre-chamber nozzle (78) defines a
longitudinal axis A, said orifices (82) disposed about
said longitudinal axis A in spaced relation with re-
spect to each other.

Patentanspriiche

1.

Zindsystem (10) fir einen Verbrennungsmotor (12),
aufweisend einen Zylinderkopf (18) und zumindest
einen Brennraum (22), wobei das Ziindsystem um-
fasst:

ein Gehause (42), das in dem Zylinderkopf (18)
des Verbrennungsmotors (12) definiert ist, wo-
bei das Gehause (42) eine Vorkammer (50) de-
finiert;

eine Zundvorrichtung (86), die in dem Gehause
(42) gelagertist und einen Ziinderabschnitt (88)
aufweist, der der Vorkammer (50) im Wesentli-
chen zugewandt ist;

ein Einspritzventil (90), das in dem Gehause
(42) gelagert ist und eine Duse (92) aufweist,
die der Vorkammer (50) im Wesentlichen zuge-
wandt ist;

wobei die Vorkammer (50) einen proximalen Ab-
schnitt (76) und eine Vorkammerdiise (78) de-
finiert, die in einem Abstand von dem proximalen
Abschnitt (76) der Vorkammer (50) angeordnet
ist, wobei die Vorkammerdise (78) eine Vielzahl
von Offnungen (82) aufweist, die in einem Ab-
stand voneinander angeordnet sind und Fluid-
kommunikation zwischen der Vorkammer (50)
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und dem Brennraum (22) bereitstellen, und wo-
bei die Vorkammer (50) ein vorherbestimmtes
Volumen definiert,

wobei der Ziinderabschnitt (88) der Ziindvor-
richtung (86) und die Duse (92) des Einspritz-
ventils (90)indem proximalen Abschnitt der Vor-
kammer (50) funktional gelagert sind, so dass
das Einspritzventil (90) eine vorherbestimmte
Menge an Kraftstoff in die Vorkammer (50) ab-
gibt, der Ziinderabschnitt (88) den Kraftstoff in
der Vorkammer (50) ziindet, so dass der geziin-
dete Kraftstoff durch die Offnungen der Vorkam-
merdise (78) gezwungen und geldscht, aber
durchden Brennraum (22) hindurch verteilt wird,
um die Hauptkraftstoffladung darin zu ziinden,
dadurch gekennzeichnet, dass

die Offnungen (82) einen Durchmesser in einem
Bereich zwischen 0,7 mm und 2,0 mm aufwei-
sen, und

das Verhaltnis des Durchmessers der Offnun-
gen (82) zu dem Vorkammervolumen in einem
Bereich zwischen 0,048 1/cm2 und 0,067 1/cm?
liegt.

2. Zindsystem (10) nach Anspruch 1, wobei die Vor-
kammerduse (78) eine Langsachse A definiert, wo-
bei die Offnungen (82) um die Langsachse A in einer
Abstandsbeziehung zueinander angeordnet sind.

3. Verbrennungsmotor (12), umfassend:

einen Motorblock (16), aufweisend zumindest
einen Zylinder (14), einen Kolben (20), der fir
eine wiederholte Hin- und Herbewegung in dem
Zylinder (14) gelagertist, und einen Zylinderkopf
(18);

wobei der Kolben (20), der Zylinder (14) und der
Zylinderkopf (18) zusammenwirken, um zumin-
dest einen Brennraum (22) zu definieren;
wobei der Zylinderkopf (18) zumindest einen
Einlasskanal (36), durch den die Hauptkraft-
stoff-Luft-Ladung in den Brennraum (22) stro-
men kann, und zumindest einen Auslasskanal
(38), durch den die Verbrennungsprodukte den
Brennraum (22) verlassen kdnnen, aufweist;
wobei der Verbrennungsmotor (12) ferner ein
Zindsystem (10) aufweist, wobei das Ziindsys-
tem (10) ein Gehause (42) aufweist, das in dem
Zylinderkopf (18) des Verbrennungsmotors (12)
funktional gelagert ist, wobei das Gehause (42)
eine Vorkammer (50) definiert;

eine Ziindvorrichtung (86), die in dem Gehause
(42) gelagertist und einen Ziinderabschnitt (88)
aufweist, der der Vorkammer (50) im Wesentli-
chen zugewandt ist;

ein Einspritzventil (90), das in dem Gehause
(42) gelagert ist und eine Dise (92) aufweist,
die der Vorkammer (50) im Wesentlichen zuge-
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wandt ist;

wobei die Vorkammer (50) einen proximalen Ab-
schnitt (76) und eine Vorkammerdiise (78) de-
finiert, die in einem Abstand von dem proximalen
Abschnitt (76) der Vorkammer (50) angeordnet
ist, wobei die Vorkammerdise (78) eine Vielzahl
von Offnungen (82) aufweist, die in einem Ab-
stand voneinander angeordnet sind und Fluid-
kommunikation zwischen der Vorkammer (50)
und dem Brennraum (22) bereitstellen, und die
Vorkammer (50) ein vorherbestimmtes Volu-
men definiert;

wobei der Ziinderabschnitt (88) der Ziindvor-
richtung (86) und die Diise (92) des Einspritz-
ventils (90) in dem proximalen Abschnittder Vor-
kammer (50) funktional gelagert sind, so dass
das Einspritzventil (90) eine vorherbestimmte
Menge an Kraftstoff in die Vorkammer (50) ab-
gibt, der Zinderabschnitt (88) den Kraftstoff in
der Vorkammer (50) ziindet, so dass der gezln-
dete Kraftstoff durch die Offnungen (82) der Vor-
kammerdiise (78) gezwungen und geldscht,
aber durch den Brennraum (22) hindurch verteilt
wird, um die Hauptkraftstoffladung darin zu ziin-
den,

dadurch gekennzeichnet, dass

die Offnungen (82) einen Durchmesserin einem
Bereich zwischen 0,7 mm und 2,0 mm aufwei-
sen, und

das Verhaltnis des Durchmessers der Offnun-
gen (82) zu dem Vorkammervolumen in einem
Bereich zwischen 0,048 1/cm? und 0,067 1/cm?
liegt.

Verbrennungsmotor (12) nach Anspruch 3, wobei
die Vorkammerdulse (78) eine Langsachse A defi-
niert, wobei die Offnungen (82) um die Léngsachse
A in einer Abstandsbeziehung zueinander angeord-
net sind.

Revendications

Systeme d’allumage (10) pour un moteur a combus-
tion interne (12) ayant une culasse (18) et au moins
une chambre de combustion (22), ledit systéme d’al-
lumage comprenant :

un boitier (42) défini dans la culasse (18) du mo-
teur a combustion interne (12), ledit boitier (42)
définissant une préchambre (50) ;

un dispositif d’allumage (86) supporté dans ledit
boitier (42) et ayant une partie d’allumeur (88)
faisant sensiblement face a ladite préchambre
(50);

un injecteur (90) supporté dans ledit boitier (42)
etayantune buse (92)faisantsensiblementface
a ladite préchambre (50) ;

10

15

20

25

30

35

40

45

50

55

ladite préchambre (50) définissant une partie
proximale (76) et une buse de préchambre (78)
située a une distance de ladite partie proximale
(76) de ladite préchambre (50), ladite buse de
préchambre (78) ayant une pluralité d’orifices
(82) espaceés les uns des autres et fournissant
une communication fluidique entre ladite pré-
chambre (50) et ladite chambre de combustion
(22), et ladite préchambre (50) définissant un
volume prédéterminé ;

ladite partie d’allumeur (88) dudit dispositif d’al-
lumage (86) et ladite buse (92) dudit injecteur
(90) étant supportées de maniére opérationnelle
dans la partie proximale de la préchambre (50)
de sorte que ledit injecteur (90) délivre une
quantité prédéterminée de carburant dans ladite
préchambre (50), ladite partie d’allumeur (88)
allume le combustible dans ladite préchambre
(50) de sorte que le combustible allumé est forcé
a travers lesdits orifices de ladite buse de pré-
chambre (78) et éteint mais distribué a travers
la chambre de combustion (22) pour allumer la
charge principale de combustible dans celle-ci,
caractérisé en ce que

les orifices (82) ont un diamétre compris entre
0,7 mm et 2,0 mm, et

le rapport entre le diametre des orifices (82) et
le volume de la préchambre est compris entre
0,048 1/cm2 et 0,067 1/cm?2.

Systeme d’allumage (10) selon la revendication 1,
dans lequel ladite buse de préchambre (78) définit
un axe longitudinal A, lesdits orifices (82) étant dis-
posés autour dudit axe longitudinal A dans une re-
lation espacée.

Moteur a combustion interne (12) comprenant :

un bloc moteur (16) ayant au moins un cylindre
(14), un piston (20) supporté pour un mouve-
ment de va-et-vient répété dans ledit cylindre
(14), et une culasse (18) ;

ledit piston (20), ledit cylindre (14) et ladite cu-
lasse (18) coopérant pour définir au moins une
chambre de combustion (22) ;

ladite culasse (18) ayant au moins un port d’en-
trée (36) a travers lequel la charge principale de
carburant et d’air peut s’écouler dans la cham-
bre de combustion (22) et au moins un port
d’échappement(38) a traverslequel les produits
de combustion peuvent sortir de ladite chambre
de combustion (22) ;

ledit moteur a combustion interne (12) compre-
nant en outre un systéme d’allumage (10), ledit
systeme d’allumage (10) comprenant un boitier
(42) supporté de maniere opérationnelle a I'in-
térieur de ladite culasse (18) dudit moteur a
combustion interne (12), ledit boitier (42) défi-
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nissant une préchambre (50) ;

un dispositif d’allumage (86) supporté dans ledit
boitier (42) et ayant une partie d’allumeur (88)
faisant sensiblement face a ladite préchambre
(50); 5
un injecteur (90) supporté dans ledit boitier (42)
etayantune buse (92)faisantsensiblementface

a ladite préchambre (50) ;

ladite préchambre (50) définissant une partie
proximale (76) et une buse de préchambre (78) 10
située a une distance de ladite partie proximale
(76) de ladite préchambre (50), ladite buse de
préchambre (78) ayant une pluralité d’orifices
(82) espaceés les uns des autres et fournissant

une communication fluidique entre ladite pré- 75
chambre (50) etla chambre de combustion (22),

et ladite préchambre (50) définissant un volume
prédéterminé ;

ladite partie d’allumeur (88) dudit dispositif d’al-
lumage (86) et ladite buse (92) dudit injecteur 20
(90) étantsupportées de maniére opérationnelle
dans la partie proximale de ladite préchambre
(50) de sorte que ledit injecteur (90) délivre une
quantité prédéterminée de carburantdans ladite
préchambre (50), ladite partie d’allumeur (88) 25
allume le combustible dans ladite préchambre
(50) de sorte que le combustible allumé estforcé

a travers lesdits orifices (82) de ladite buse de
préchambre (78) et éteint mais distribué a tra-
vers la chambre de combustion (22) pour allu- 30
mer la charge principale de combustible dans
celle-ci,

caractérisé en ce que

les orifices (82) ont un diamétre compris entre

0,7 mm et 2,0 mm, et 35
le rapport entre le diametre des orifices (82) et

le volume de la préchambre est compris entre
0,048 1/cm? et 0,067 1/cm?.

Moteur a combustion interne (12) selon la revendi- 40
cation 3, dans lequel ladite buse de préchambre (78)
définitun axe longitudinal A, lesdits orifices (82) étant
disposés autour dudit axe longitudinal A dans une

relation espacée.
45
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