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(54) PRE-COMBUSTION CHAMBER ASSEMBLY FOR INTERNAL COMBUSTION ENGINES

(57) The present disclosure relates to a pre-combus-
tion chamber assembly (60) for internal combustion en-
gines operating at least partly on gaseous fuel. In case
of an additional gaseous fuel supply within the pre-com-
bustion chamber assembly (60), an ignition device is re-
quired to be displaced out of center due to a lack of in-
stallation place in a central region. Thus, the disclosed
pre-combustion chamber assembly (60) may comprise
a pre-combustion chamber main portion (92) having a
main portion central axis (93) that may extend in parallel
to pre-combustion chamber assembly longitudinal cen-
tral axis (63) with a predetermined offset (91). The
pre-combustion chamber assembly (60) may further
comprise an ignition device configured to initiate a com-
bustion event at an ignition point (99) within the main
portion (92). The ignition point (99) may lie substantially
on the main portion central axis (93).
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Description

Technical Field

[0001] The present disclosure generally relates to a
pre-combustion chamber assembly for internal combus-
tion engines. The present disclosure relates further to an
internal combustion engine and a pre-combustion cham-
ber section. The present disclosure relates further to a
method for operating an internal combustion engine op-
erating at least partly on gaseous fuel.

Background

[0002] Internal combustion engines running, for exam-
ple, at least in part on gaseous fuel usually need an ig-
nition device (also referred to as pre-combustion cham-
ber assembly) to ignite the mixture of gaseous fuel and
air. A pre-combustion chamber assembly including a pre-
combustion chamber may have a spark plug partially pro-
truding into the pre-combustion chamber. Such a pre-
combustion chamber assembly may further include a fuel
supply for supplying some amount of fuel into the pre-
combustion chamber. Upon ignition of the air/fuel mixture
within the pre-combustion chamber, the flames may ad-
vance through orifices provided in the pre-combustion
chamber into the main combustion chamber, where the
flames may ignite the main amount of fuel and air for
operating the internal combustion engine.
[0003] US 8,028,674 B2 discloses a fuel processor ap-
paratus and method. A fuel nozzle includes at least one
port for receiving fuel, a sidewall forming ports for intro-
ducing fuel into a pre-combustion chamber, and a plu-
rality of conduits formed between the first end and the
sidewall.
[0004] US 7,451,727 B2 discloses an engine compris-
ing a working cylinder provided with a piston, a pre-igni-
tion chamber provided with a spark plug, and a combus-
tion chamber which are connected to a compressor cyl-
inder by channels. The compressor cylinder is provided
with fuel and air supplying channels arranged in the top
section thereof and with a piston and shutoff valve.
[0005] Further pre-combustion chamber assemblies
are known from, for example, US 4,119,065 A, US
3,970,053 A, US 6,513,483 B2, EP 0 338 882 B1, AT
510 435 B1, and WO 2009/109694 A2.
[0006] The present disclosure is directed, at least in
part, to improving or overcoming one or more aspects of
prior systems.

Summary of the Disclosure

[0007] According to an aspect of the present disclo-
sure, a pre-combustion chamber assembly for internal
combustion engines operating at least partly on gaseous
fuel and having a cylinder defining a main combustion
chamber is disclosed. The pre-combustion chamber as-
sembly may extend along a longitudinal central axis and

may comprise a pre-combustion chamber upper section
extending along the longitudinal central axis and includ-
ing an ignition device accommodation portion configured
to accommodate an ignition device. The pre-combustion
chamber assembly may further comprise a pre-combus-
tion chamber lower section extending along the longitu-
dinal central axis and connected to the pre-combustion
chamber upper section. The pre-combustion chamber
lower section may include a plurality of flow transfer pas-
sages. The pre-combustion chamber assembly may fur-
ther comprise a pre-combustion chamber delimited with-
in the pre-combustion chamber upper section and the
pre-combustion chamber lower section, and fluidly con-
nectable to the main combustion chamber via the plurality
of flow transfer passages. The pre-combustion chamber
may include a main portion having a main portion central
axis extending in parallel to the longitudinal central axis
with a predetermined offset. The pre-combustion cham-
ber assembly may further comprise an ignition device
mounted to the ignition device accommodation portion
and may be configured to initiate a combustion event at
an ignition point within the main portion. The ignition point
may lie substantially on the main portion central axis.
[0008] According to another aspect of the present dis-
closure, an internal combustion engine operating at least
partly on gaseous fuel may comprise a cylinder defining
a main combustion chamber, a cylinder head delimiting
the main combustion chamber at a top end, and a pre-
combustion chamber assembly according to the present
disclosure. The pre-combustion chamber assembly may
be mounted to the cylinder head and configured to initiate
a main combustion event within the main combustion
chamber.
[0009] According to another aspect of the present dis-
closure, a method for operating an internal combustion
engine operating at least partly on gaseous fuel and that
includes a main combustion chamber and a pre-combus-
tion chamber assembly including a longitudinal central
axis and a pre-combustion chamber with a main portion
having a main portion central axis extending substantially
in parallel to the longitudinal central axis with a predeter-
mined offset is disclosed. The pre-combustion chamber
may be fluidly connected to the main combustion cham-
ber via a plurality of flow transfer passages. The disclosed
method may comprise supplying the steps of supplying
a combustion mixture into the main portion via the plu-
rality of flow transfer passages during a compression
stroke of the internal combustion engine, and igniting the
combustion mixture at an ignition point within the main
portion. The ignition point may lie on the main portion
central axis.
[0010] Other features and aspects of this disclosure
will be apparent from the following description and the
accompanying drawings.

Brief Description of the Drawings

[0011] The accompanying drawings, which are incor-
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porated herein and constitute a part of the specification,
illustrate exemplary embodiments of the disclosure and,
together with the description, serve to explain the princi-
ples of the disclosure. In the drawings:

Fig. 1 is a diagrammatic cross-sectional view of an
internal combustion engine with a pre-combustion
chamber assembly installed in a cylinder head of the
internal combustion engine;
Fig. 2 is a diagrammatic cross-sectional view of the
cylinder head with an installed pre-combustion
chamber assembly shown in greater detail;
Fig. 3 is a partial cut view of the pre-combustion
chamber assembly of Fig. 2; and
Fig. 4 is a cross-sectional view of the pre-combustion
chamber assembly of Fig. 3 taken along line IV - IV
of Fig. 3.

Detailed Description

[0012] The following is a detailed description of exem-
plary embodiments of the present disclosure. The exem-
plary embodiments described therein and illustrated in
the drawings are intended to teach the principles of the
present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many
different environments and for many different applica-
tions. Therefore, the exemplary embodiments are not in-
tended to be, and should not be considered as, a limiting
description of the scope of patent protection. Rather, the
scope of patent protection shall be defined by the ap-
pended claims.
[0013] The present disclosure may be based at least
in part on the realization that asymmetrically arranging a
pre-combustion chamber within a pre-combustion cham-
ber assembly with respect to a longitudinally axis of the
pre-combustion chamber assembly and providing a ig-
nition point lying on a central axis of the pre-combustion
chamber may support in stabilizing a combustion event
within the pre-combustion chamber. In particular, the
combustion event may be provided symmetrically within
the pre-combustion chamber and, hence, extinguishing
of flames generated during the combustion event may
be prevent due to a uniform distance of the ignition point
to the inner walls of the combustion chamber. More par-
ticularly, it is preferable that the distance between the
ignition point and the inner walls of the combustion cham-
ber is as great as possible for preventing the flames from
being extinguished too early during the ignition event.
The better the combustion within the pre-combustion
chamber with respect to efficiency, the better the com-
bustion within the main combustion chamber with respect
to efficiency.
[0014] Within the meaning of the present disclosure, a
"central axis" describes an axis of symmetry of a respec-
tive element or portion. That is that an element or portion
having a "central axis" is substantially symmetrical with
respect to said axis. In particular, an element or portion

having a "central axis" is rotationally symmetrical with
respect to said axis.
[0015] Referring now to the drawings, an exemplary
embodiment of an internal combustion engine 10 is illus-
trated in Fig. 1. The internal combustion engine 10 may
include features not shown, such as fuel systems, air
systems, cooling systems, peripheries, drivetrain com-
ponents, turbochargers, etc. For the purpose of the
present disclosure, the internal combustion engine 10 is
considered as a four-stroke gaseous fuel internal com-
bustion engine. One skilled in the art will recognize, how-
ever, that the gaseous fuel internal combustion engine
10 may be any type of engine (two-stroke, turbine, gas,
diesel, natural gas, propane, etc.) that would utilize a pre-
combustion chamber. Furthermore, the internal combus-
tion engine 10 may be of any size, with any number of
cylinders, and in any configuration ("V", in-line, radial,
etc.). The internal combustion engine 10 may be used to
power any machine or other device, including locomotive
applications, on-highway trucks or vehicles, off-highway
trucks or machines, earth moving equipment, genera-
tors, aerospace applications, marine applications,
pumps, stationary equipment, or other engine powered
applications.
[0016] The internal combustion engine 10 may include
an engine block 12 having a plurality of cylinders 14 (one
of which is illustrated in Fig. 1). A piston 16 may be slid-
ably disposed within the cylinder (or cylinder liner) 14 to
reciprocate between a top dead center position and a
bottom dead center position. A connecting rod 18 may
connect the piston 16 to an eccentric crankpin 20 of a
crankshaft 22 such that reciprocating motion of the piston
may result in rotation of the crankshaft 22.
[0017] The internal combustion engine 10 may also
include a cylinder head 24 engaged with the engine block
12 to cover the cylinder 14, thereby delimiting a main
combustion chamber 26. The cylinder head 24 may de-
fine intake and exhaust openings 28 that may allow intake
gases into the main combustion chamber 26 and exhaust
gases out of the main combustion chamber 26, respec-
tively. Engine valves 30 may be positioned to selectively
open and close the openings 28. Each cylinder 14 may
include multiple intake and exhaust openings 28.
[0018] The internal combustion engine 10 may include
a series of valve actuation assemblies 40 (one of which
is illustrated in Fig. 1). The multiple valve actuation as-
semblies 40 may be provided per cylinder 14. For exam-
ple, one valve actuation assembly may be used to open
and close the intake valves and another valve actuation
assembly may be provided to open and close the exhaust
valves.
[0019] The valve actuation assembly 40 may include
a rocker arm 46. The rocker arm 46 may be pivotally
mounted in the cylinder head 24 and may attach to the
engine valves 30 at one end and may attach to a push
rod 48 at the other end. Oscillation of rocker arm 46 about
its pivot point 50 may cause the valves 30 to move be-
tween an open position and a closed position. The valve
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actuation assembly 40 may also include valve springs
52 that may bias the valves 30 toward the closed position
(i.e. closing the intake and exhaust openings 28).
[0020] The other end of the push rod 48 may engage
a lifter 54 which may engage a camshaft 56. The cam-
shaft 56 may operatively engage the crankshaft 22. The
camshaft 56 may be connected with crankshaft 22 in any
manner readily apparent to one skilled in the art where
rotation of the crankshaft 22 may result in rotation of the
camshaft 56. For example, camshaft 56 may be connect-
ed to crankshaft 22 through a gear train (not shown).
[0021] As shown in Fig. 1, a first cam lobe 58 may be
disposed on the camshaft 56 to engage the lifter 54. One
skilled in the art may recognize that the camshaft 56 may
include additional cam lobes to engage with other lifters
in order to actuate additional engine valves.
[0022] The internal combustion engine 10 may also
include a pre-combustion chamber assembly 60 (also
referred to as pre-combustion chamber ignition device),
which is positioned within the cylinder head 24 between
the valves 30. The pre-combustion chamber assembly
60 may be configured in a variety of ways. Any assembly
capable of being positioned in the cylinder head 24 to
support a combustion event outside of the main combus-
tion chamber 26, and direct the combustion into the main
combustion chamber 26 may be used.
[0023] With reference to Fig. 2, the pre-combustion
chamber assembly 60 of Fig. 1 is shown in greater detail.
The pre-combustion chamber assembly 60 defining a
longitudinal central axis 63 may extend from the cylinder
head 24 into the main combustion chamber 26. In the
depicted embodiment, the pre-combustion chamber as-
sembly 60 comprises a pre-combustion chamber upper
section 70 and a pre-combustion chamber lower section
80 detachably mounted to the pre-combustion chamber
upper section 70. In some further embodiments, the pre-
combustion chamber lower section 80 may be mounted
to the pre-combustion chamber upper section 70 via, for
example, welding or soldering.
[0024] As illustrated in Fig. 2, the pre-combustion
chamber upper section 70 is disposed above the pre-
combustion chamber lower section 80. In Fig. 2, a sep-
aration between the pre-combustion chamber upper sec-
tion 70 and the pre-combustion chamber lower section
80 is indicated by a dashed line C. In some embodiments,
the pre-combustion chamber assembly 60 may be a one-
piece element manufactured by, for example, metal sin-
tering, moulding, or any other suitable process.
[0025] The pre-combustion chamber assembly 60 is
attached to the cylinder head 24 via, for example, a fas-
tening device 61. In the assembled state, the fastening
device 61 may at least partially press the pre-combustion
chamber assembly 60 towards the main combustion
chamber 26 (in Fig. 2 in a downward direction). On the
opposite side, the pre-combustion chamber assembly 60
contacts a flange 114, such that the pre-combustion
chamber upper and lower sections 70, 80 are at least
partially compressed, thereby forming a robust device.

In this state, the pre-combustion chamber upper and low-
er sections 70, 80 are relatively fixed to one another with
respect to axial displacement and rotation. The pre-com-
bustion chamber upper section 70 may be generally cy-
lindrical and may be made of any suitable material.
[0026] The flange 114 is sealed against the main com-
bustion chamber 26. The flange 114 extends transverse-
ly relative to the longitudinal central axis 63 and is pro-
vided to seal against a sealing surface 116 provided in
the cylinder head 24 to prevent leakage between the main
combustion chamber 26 and first and second cooling fluid
passages 32, 34.
[0027] The pre-combustion chamber upper section 70
is configured to accommodate an ignition device, such
as, for example, a spark plug 62 therein such that a spark-
ing end of the spark plug 62 at least partially protrudes
into a pre-combustion chamber 90 provided within the
pre-combustion chamber assembly 60. The spark plug
62 in the context of this invention may mean any suitable
ignition device available in the prior art, such as, for in-
stance, a plasma generator, a laser ignition device, a
pilot fuel injector, a glow plug, or a glow pencil.
[0028] The pre-combustion chamber lower section 80
is generally cylindrical and is mountable to the pre-com-
bustion chamber upper section 70. Preferably, the pre-
combustion chamber lower section 80 may be detacha-
bly mountable to the pre-combustion chamber upper sec-
tion 70. This may allow replacing of, for example, the pre-
combustion chamber lower section 80 by a new pre-com-
bustion chamber lower section in the case of wear of the
pre-combustion chamber lower section 80, especially in
the case of wear of a pre-combustion chamber tip 81
including a plurality of flow transfer passages 83. For
instance, after a usage time of, for example, about 15.000
hours of engine operation, the pre-combustion chamber
lower section 80 may be replaced. The pre-combustion
chamber lower section 80 may be cast to the general
configuration and subsequently machined to final dimen-
sions where required. In some embodiments, the pre-
combustion chamber lower section 80 may be machined
out of a solid material block. In some further embodi-
ments, the pre-combustion chamber lower section 80
may be sintered, or manufactured in any other suitable
way known in the art.
[0029] The pre-combustion chamber upper section 70
may have a stepped bore 64 that may be adapted to
receive the spark plug 62. The stepped bore 64 may have
an ignition device accommodation portion 66, such as a
mounting bore adapted to receive an end of the spark
plug 62. The ignition device accommodation portion 66
may include a thread adapted to mate with threads on
the end of the spark plug 62. The stepped bore 64 may
define a sealing surface 65 that may be adapted to seal-
ingly contact the spark plug 62. The ignition device ac-
commodation portion 66 may have any suitable config-
uration for accommodating the ignition device.
[0030] Referring to Fig. 3, a partial cut view of the pre-
combustion chamber assembly 60 is illustrated. The pre-
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combustion chamber lower section 80 includes the pre-
combustion chamber tip 81 which is generally cylindrical
and which may at least partially protrude into the main
combustion chamber 26 through a bore 120 provided in
the cylinder head 24 (see Fig. 2).
[0031] The pre-combustion chamber upper section 70
and the pre-combustion chamber lower section 80 each
define at least a portion of the pre-combustion chamber
90. Particularly, the pre-combustion chamber lower sec-
tion 80 defines at least a portion of the pre-combustion
chamber 90, and the pre-combustion chamber upper
section 70 defines a remaining portion of the pre-com-
bustion chamber 90. Thus, the pre-combustion chamber
upper and lower sections 70, 80 together define the pre-
combustion chamber 90.
[0032] The pre-combustion chamber 90 includes a
main portion 92, a riser passage 94, and an intermediate
portion 96 fluidly interconnected between the main por-
tion 92 and the riser passage 94. In Fig. 3, the main por-
tion 92, the riser passage 94, and the intermediate portion
96 are indicated in dash-two-dot lines. As shown in Fig.
2, the electrode end of the spark plug 62 at least partially
protrudes into the pre-combustion chamber 90, particu-
larly into the main portion 92.
[0033] The pre-combustion chamber tip 81 having a
substantially dome-like shape includes a plurality of
spaced apart, particularly radially oriented flow transfer
passages 83. In some embodiments, the plurality of flow
transfer passages 83 may extend tangentially with re-
spect to a circle about the longitudinal axis 63.
[0034] The plurality of flow transfer passages 83 fluidly
connects the pre-combustion chamber 90, particularly
the riser passage 94, to the main combustion chamber
26. The plurality of flow transfer passages 83 is config-
ured to direct burning fuel, for example, expanding gases
from the pre-combustion chamber 90 in a predetermined
pattern into the main combustion chamber 26 and to di-
rect an air/fuel mixture from the main combustion cham-
ber 26 into the pre-combustion chamber 90.
[0035] The pre-combustion chamber upper section 70
includes a pre-combustion chamber upper section body
72 and a fuel supply accommodation portion 74 fluidly
connected to the pre-combustion chamber 90 via a fuel
supply channel 76. The fuel supply accommodation por-
tion 74 is further fluidly connected to a fuel system (not
explicitly shown in the drawings) including, for example,
a fuel reservoir, fuel pumps, control valves, and further
elements configured to provide fuel, such as, for exam-
ple, gaseous fuel, to the pre-combustion chamber 90. In
some embodiments, the pre-combustion chamber upper
section 70 may include more than one fuel supply ac-
commodation portion 74. The fuel supply accommoda-
tion portion 74 is configured to accommodate, for exam-
ple, a gaseous fuel valve (not shown in the drawings)
and to supply a predetermined amount of gaseous fuel
into the pre-combustion chamber 90. The gaseous fuel
valve may be configured to control the supply of gaseous
fuel into the pre-combustion chamber 90.

[0036] As shown, the fuel supply accommodation por-
tion 74 includes a central axis 75 extending substantially
in parallel to the longitudinal central axis 63 with a pre-
determined offset 77. In some embodiments, the central
axis 75 of the fuel supply accommodation portion 74 may
extend obliquely and inclined with respect to the longitu-
dinal central axis 63.
[0037] The predetermined amount of gaseous fuel
supplied into the main portion 92 may be configured to
at least locally enrich the combustion mixture within the
pre-combustion chamber 90, particularly within the main
portion 92.
[0038] The pre-combustion chamber upper section 70
is mountable to the pre-combustion chamber lower sec-
tion 80 via, for instance, welding, soldering, screwing,
bolting, form-fitting, or any other suitable fixing means.
The pre-combustion chamber lower section 80 includes
a pre-combustion chamber lower section body 82 and
an annular protrusion 84 configured to engage and match
with an annular recess 73 of the pre-combustion chamber
upper section body 72. For example, the pre-combustion
chamber upper and lower sections 70, 80 are mounted
to one another via a thread (not shown in the drawings)
provided on an inner circumferential surface of the an-
nular protrusion 84 and on an outer circumferential sur-
face of the annular recess 73, respectively. In some em-
bodiments, the pre-combustion chamber upper and low-
er sections 70, 80 are mounted to one another by welding,
particularly via a laser beam weld extending about the
outer circumference of the pre-combustion chamber up-
per and lower sections 70, 80.
[0039] With additional reference to Fig. 4, it can be
seen that the main portion 92 of the pre-combustion
chamber 90 is substantially cylindrical with a substantially
circular cross-section and has a main portion central axis
93 extending substantially in parallel to the longitudinal
central axis 63 with a predetermined offset 91. Thus, the
main portion 92 is not centrally and not symmetrically
provided in the pre-combustion chamber upper and lower
sections 70, 80 with respect to the longitudinal central
axis 63. In further embodiments, the substantially cylin-
drical main portion 92 may have any other suitable cross-
sectional shape, such as, for instance, a rectangular,
square, and oval.
[0040] As also shown in Fig. 4, the riser passage 94 is
substantially cylindrical with a substantially circular
cross-section and has a riser passage central axis 95
extending coaxially with respect to the longitudinal cen-
tral axis 63. Thus, the riser passage 94 is centrally and
symmetrically provided in the pre-combustion chamber
lower section 80 with respect to the longitudinal central
axis 63. As shown in the embodiment of Figs. 3 and 4,
the riser passage central axis 95 is substantially coaxial
with respect to the longitudinal central axis 63, that is that
the riser passage central axis 95 is coincident with the
longitudinal axis 63. The riser passage central axis 95
extends substantially in parallel to the main portion cen-
tral axis 93 with the predetermined offset 91.
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[0041] In some embodiments, the riser passage cen-
tral axis 95 may extend obliquely and inclined with re-
spect to the longitudinal central axis 63. In such case, a
tumble flow imparted into the combustion mixture flowing
from the main combustion chamber 26 into the pre-com-
bustion chamber 90 during a compression stroke of the
internal combustion engine 10 may be enhanced.
[0042] As indicated in Fig. 3, the ignition device ac-
commodation portion 66 includes a central axis 67 ex-
tending substantially in parallel to the longitudinal central
axis 63 and coaxially with respect to the main portion
central axis 93. That is that the central axis 67 is coinci-
dent with the longitudinal central axis 63. Specifically, the
spark plug 62 is mounted to the ignition device accom-
modation portion 66 along the central axis 67 (see Fig. 2).
[0043] The spark plug 62 is configured to generate a
spark within the main portion 92 for initiating a combus-
tion event within the main portion 92 at an ignition point
99. As shown in Figs. 3 and 4, the ignition point 99 lies
on both the central axis 67 of the ignition device accom-
modation portion 66 and the main portion central axis 93
of the main portion 92. Thus, a radial distance 97 between
the ignition point 99 and an inner wall of the pre-combus-
tion chamber 90 is equal in each radial direction with
respect to the main portion central axis 93. Hence, the
ignition point 99 is centrally provided within the main por-
tion 92 with respect to the main portion central axis 93.
[0044] In some embodiments, the central axis 67 of
the ignition device accommodation portion 66 may ex-
tend obliquely with respect to the main portion central
axis 93 and the longitudinal central axis 63. In particular,
the spark plug 62 may extend obliquely with respect to
the longitudinal central axis 63 such that the ignition point
99 lies on the main portion central axis 93 and, hence,
centrally within the main portion 92 in a radial direction
For example, the central axis 67 may extend obliquely
with respect to the longitudinal central axis 63 with an
angle between about 0° and about 30°.
[0045] In some embodiments, the ignition point 99 may
further be centrally arranged within the main portion 92
with respect to an axial direction of the main portion cen-
tral axis 93. That is that the ignition point 99 is centrally
disposed between an upper end of the main portion 92
and a lower end of the main portion 92.
[0046] Referring to Fig. 4, a cut view of the pre-com-
bustion chamber assembly 60 taken along line IV - IV of
Fig. 3 is shown. In Fig. 4, it can be seen that the main
portion 92 includes a substantially cylindrical shape with
a substantially circular cross-section. The ignition point
99 lying on the main portion central axis 93 is, thus, cen-
trally disposed within the main portion 92 and has a radial
distance 97 to the inner wall of the pre-combustion cham-
ber 90 that corresponds substantially to the radius of the
main portion 92.
[0047] As further shown in Fig. 4, the pre-combustion
chamber lower section body 82 includes, in a circumfer-
ential direction about the longitudinal central axis 63, a
varying radials wall thickness. That is that the radial wall

thickness of the pre-combustion chamber lower section
body 82 with respect to the longitudinal central axis 63
is smaller on the left side in Fig. 4 than on the right side
in Fig. 4 (see also Fig. 3).

Industrial Applicability

[0048] In the following, operation of the internal com-
bustion engine 10 comprising an exemplary disclosed
pre-combustion chamber assembly is described with re-
spect to the drawings.
[0049] During operation of the internal combustion en-
gine 10, especially during a compression stroke of one
of the cylinders 14, at least some amount of an air/fuel
mixture provided to the cylinder 14 through the engine
valves 30 during an intake stroke is forced into the pre-
combustion chamber 90 through the flow transfer pas-
sages 83. Then, for enriching the air/fuel mixture within
the pre-combustion chamber 90 in order to support the
ignition event, at least some amount of fuel, such as gas-
eous fuel, is provided into the pre-combustion chamber
90, particularly into the main portion 92, via the gaseous
fuel valve mounted to the fuel supply accommodation
portion 74, and fuel supply channel 76. The fuel supplied
into the pre-combustion chamber 90 via the gaseous fuel
valve and the fuel supply channel 76, respectively, may
be supplied at a piston position in the vicinity of its bottom
dead center. In some embodiments, the gaseous fuel
supplied into the pre-combustion chamber 90 via the gas-
eous fuel valve and the fuel supply channel 76, respec-
tively, may be supplied shortly before the ignition event
is initiated.
[0050] Due to the arrangement of the fuel supply ac-
commodation portion 74 and the fuel supply channel 76,
the ignition device accommodation portion 66 needs to
be displaced with respect to the longitudinal central axis
63 by the offset 91. Particularly, in view of the fuel supply
accommodation portion 74 and the fuel supply channel
76, there may be not enough space at the pre-combustion
chamber upper section 70 for centrally providing the ig-
nition device accommodation portion 66.
[0051] Then, the ignition device mounted to the ignition
device accommodation portion 66 may initiate a combus-
tion event at the ignition point 99 lying on the main portion
central axis 93 and, hence, in a central region of the main
portion 92. Due to the central position of the ignition point
99, a uniform and symmetric combustion event may be
initiated within the main portion 92, such that the flames
generated during the ignition event may expand in all
spatial directions in an improved manner.. Moreover, the
better the combustion within the pre-combustion cham-
ber 90, the better the combustion within the main com-
bustion chamber 26, in particular with respect to thermal
efficiency.
[0052] Subsequently, the burning fuel may advance
through the intermediate portion 96, the riser passage
94, and the plurality of flow transfer passages 83 into the
main combustion chamber 26, where the main combus-
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tion mixture may be ignited.
[0053] The asymmetric arrangement of the pre-com-
bustion chamber 90 with respect to the longitudinal cen-
tral axis 63 may further have the effect of imparting at
least partially a tumble flow into the combustion mixture
pushed into the pre-combustion chamber 90 during a
compression stroke. Specifically due to the asymmetric
arrangement of the main portion 92 and the symmetric
arrangement of the riser passage 94, the tumble flow
may be imparted.
[0054] A tumble flow within the pre-combustion cham-
ber 90, particularly within the main portion 92, may have
the advantageous effect that it is substantially stable. For
example, for a pre-combustion chamber main portion 92
symmetrically disposed within the pre-combustion cham-
ber lower section 80 with a combustion point 99 being
offset the central axis 93, the combustion mixture flow
flowing into the main portion 92 may detach from the
inner wall in all spatial directions. To the contrary, for a
pre-combustion chamber main porton 92 asymmetrically
disposed within the pre-combustion chamber lower sec-
tion 80 with a combustion point 99 centrally provided with-
in the main portion 92 (as shown in Fig. 3), the combustion
mixture flow may detach in less spatial directions, that is
that the combustion mixture flow may be substantially
guided along at least a portion of the inner wall of the
pre-combustion chamber 90 in a substantially defined
manner.
[0055] Although the preferred embodiments of this in-
vention have been described herein, improvements and
modifications may be incorporated without departing
from the scope of the following claims.

Claims

1. A pre-combustion chamber assembly (60) for inter-
nal combustion engines (10) operating at least partly
on gaseous fuel and having a cylinder (14) defining
a main combustion chamber (26), the pre-combus-
tion chamber assembly (60) extending along a lon-
gitudinal central axis (63) and comprising:

a pre-combustion chamber upper section (70)
extending along the longitudinal central axis (63)
and including an ignition device accommodation
portion (66) configured to accommodate an ig-
nition device (62);
a pre-combustion chamber lower section (80)
extending along the longitudinal central axis (63)
and connected to the pre-combustion chamber
upper section (70), the pre-combustion chamber
lower section (80) including a plurality of flow
transfer passages (83);
a pre-combustion chamber (90) delimited within
the pre-combustion chamber upper section (70)
and the pre-combustion chamber lower section
(80) and fluidly connectable to the main com-

bustion chamber (26) via the plurality of flow
transfer passages (83), the pre-combustion
chamber (90) including a main portion (92) hav-
ing a main portion central axis (93) extending in
parallel to the longitudinal central axis (63) with
a predetermined offset (91); and
an ignition device (62) mounted to the ignition
device accommodation portion (66) and config-
ured to initiate a combustion event at an ignition
point (99) within the main portion (92), the igni-
tion point (99) lying substantially on the main
portion central axis (93).

2. The pre-combustion chamber assembly (60) of claim
1,
wherein the ignition device is a spark plug (62) for
generating a spark at the ignition point (99), the spark
plug (62) having a spark plug central axis (67) ex-
tending in parallel to the longitudinal central axis (63)
with the predetermined offset (91).

3. The pre-combustion chamber assembly (60) of any
one of the preceding claims, wherein the ignition de-
vice (62) includes an ignition device central axis (67)
extending coaxially with respect to the main portion
central axis (93).

4. The pre-combustion chamber assembly (60) of any
one of the preceding claims, wherein the pre-com-
bustion chamber (90) further includes a riser pas-
sage (94) fluidly interconnected between the main
portion (92) and the plurality of flow transfer passag-
es (83), the riser passage (94) having a riser passage
central axis (95) extending in parallel to the main
portion central axis (93) with the predetermined off-
set (91).

5. The pre-combustion chamber assembly (60) of claim
4,
wherein the riser passage central axis (95) extends
coaxially with respect to the longitudinal central axis
(63).

6. The pre-combustion chamber assembly (60) of any
one of the preceding claims, wherein the pre-com-
bustion chamber upper section (70) further includes
a fuel supply accommodation portion (74) for accom-
modating a fuel supply device, the fuel supply ac-
commodation portion (74) having a central axis (75)
extending in parallel to the longitudinal central axis
(63) with a predetermined offset (77).

7. The pre-combustion chamber assembly (60) of claim
6, further comprising a gaseous fuel valve mounted
to the fuel supply accommodation portion (74) along
the fuel supply accommodation portion central axis
(75).
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8. The pre-combustion chamber assembly (60) of claim
7, wherein the gaseous fuel valve is configured to
supply a predetermined amount of gaseous fuel to
the main portion (92) via a fuel supply channel (76)
fluidly connecting the fuel supply accommodation
portion (74) to the main portion (92).

9. An internal combustion engine (10) operating at least
partly on gaseous fuel, the internal combustion en-
gine (10) comprising:

a cylinder (14) defining a main combustion
chamber (26);
a cylinder head (24) delimiting the main com-
bustion chamber (26) at a top end; and
a pre-combustion chamber assembly (60) ac-
cording to any one of the preceding claims, the
pre-combustion chamber assembly (60) being
mounted to the cylinder head (24) and config-
ured to initiate a main combustion event within
the main combustion chamber (26).

10. A method for operating an internal combustion en-
gine (10) operating at least partly on gaseous fuel
and that includes a main combustion chamber (26)
and a pre-combustion chamber assembly (60) in-
cluding a longitudinal central axis (63) and a pre-
combustion chamber (90) with a main portion (92)
having a main portion central axis (93) extending
substantially in parallel to the longitudinal central axis
(63) with a predetermined offset (91), the pre-com-
bustion chamber (90) being fluidly connected to the
main combustion chamber (26) via a plurality of flow
transfer passages (83), the method comprising:

supplying a combustion mixture into the main
portion (92) via the plurality of flow transfer pas-
sages (83) during a compression stroke of the
internal combustion engine (10); and
igniting the combustion mixture at an ignition
point (99) within the main portion (92), the igni-
tion point (99) lying on the main portion central
axis (93).

11. The method of claim 10, further comprising supplying
a predetermined amount of gaseous fuel into the
main portion (92) for enriching the main portion (92)
with gaseous fuel.

12. The method of any one of claims 10 and 11, wherein
igniting the combustion mixture includes generating
a spark by a spark plug (62) having a spark plug
central axis (67) extending coaxially with respect to
the main portion central axis (93).

13. The method of any one of claims 10 to 12, further
comprising directing burning fuel through a riser pas-
sage (94) fluidly interconnected between the main

portion (92) and the plurality of flow transfer passag-
es (83), the riser passage (94) having a riser passage
central axis (95) extending substantially in parallel
to the main portion central axis (93).

14. A pre-combustion chamber section (80) of a pre-
combustion chamber assembly (60) configured to
be mounted to an internal combustion engine (10)
operating at least partly on gaseous fuel, the pre-
combustion chamber section (80) extending along a
longitudinal central axis (63) defined by the pre-com-
bustion chamber assembly (60), the pre-combustion
chamber section (80) including:

a pre-combustion chamber section body (82)
extending substantially along the longitudinal
central axis (63) and configured to be mounted
to another pre-combustion chamber section (70)
of the pre-combustion chamber assembly (60);
a pre-combustion chamber tip (81) connected
to the pre-combustion chamber section body
(82) and including a plurality of flow transfer pas-
sages (83), the pre-combustion chamber tip (81)
extending along the longitudinal central axis (63)
a pre-combustion chamber (90) having a main
portion (92) formed substantially within the con-
necting portion () and a riser passage (94) fluidly
connected to the main portion (92) and formed
substantially within the pre-combustion cham-
ber tip (81), the main portion (92) having a main
portion central axis (93) extending in parallel to
the longitudinal central axis (63) with a prede-
termined offset (91), such that, in a circumfer-
ential direction about the longitudinal central ax-
is (63), the pre-combustion chamber section
(80) includes a varying radial wall thickness.

15. The pre-combustion chamber section (80) of claim
14,
wherein the riser passage (94) inlcudes a riser pas-
sage central axis (95) extending coaxially with re-
spect to the longitudinal central axis (63).

13 14 



EP 3 118 433 A1

9



EP 3 118 433 A1

10



EP 3 118 433 A1

11



EP 3 118 433 A1

12



EP 3 118 433 A1

13

5

10

15

20

25

30

35

40

45

50

55



EP 3 118 433 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 3 118 433 A1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 8028674 B2 [0003]
• US 7451727 B2 [0004]
• US 4119065 A [0005]
• US 3970053 A [0005]

• US 6513483 B2 [0005]
• EP 0338882 B1 [0005]
• AT 510435 B1 [0005]
• WO 2009109694 A2 [0005]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

