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PRE-COMBUSTION CHAMBER SYSTEM

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates generally to a pre-combustion chamber system, in

particular, a pre-combustion chamber system for an internal combustion engine.

DESCRIPTION OF THE RELATED ART

[0002] An internal combustion engine is commonly used in the oil and gas
industry. The internal combustion engine is typically supplied with a mixture of air and
fuel contained in a main combustion chamber. A spark plug is usually used in the
combustion chamber for igniting the air-fuel mixture. In order to reduce emission and
increase fuel efficiency, the air-fuel mixture is made leaner. A leaner air-fuel mixture
contains a relatively high ratio of air to fuel. However, lean fuel mixture may result in
misfires, incomplete combustion, etc. A pre-combustion chamber system may be used

to provide a higher energy ignition source for the combustion engine.

[0003] A pre-combustion chamber system is a small combustion chamber
communicating with the main combustion chamber. Fuel is injected into the pre-
combustion chamber system and mixed with air. The mixture is ignited at a proper time
with a spark plug. The burning mixture from the pre-combustion chamber system enter
the main combustion chamber containing the lean fuel mixture. The burning mixture
from the pre-combustion chamber system may provide sufficient energy and a stronger
point of ignition to initiate combustion of the lean fuel mixture in the main combustion
chamber. Usually, if a combustion in a pre-combustion chamber system is satisfied,
which means the combustion is complete and on time in the pre-combustion chamber
system, a combustion in a main combustion chamber is satisfied. There is need for a
more reliable and efficient pre-combustion chamber system for an internal combustion

engine.
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SUMMARY OF THE INVENTION

[0004] Briefly described, aspects of the present invention relate to a pre-
combustion chamber system and a method for operating a pre-combustion chamber

system.

[0005] According to an aspect, a pre-combustion chamber system is presented. The
pre-combustion chamber system comprises a pre-combustion chamber housing
surrounding an interior cavity for defining a pre-combustion chamber. The pre-
combustion chamber system comprises a cooling chamber housing surrounding the pre-
combustion chamber housing and sealed together with the pre-combustion chamber
housing at two longitudinal ends forming a top portion and a bottom portion. The pre-
combustion chamber system comprises a cooling chamber defined between the pre-
combustion chamber housing and the cooling chamber housing. The pre-combustion
chamber system comprises a flow agitator arranged in the pre-combustion chamber
housing protruding into the pre-combustion chamber. The flow agitator is configured to

increase flow disturbance in the pre-combustion chamber.

[0006] According to an aspect, a method for making a pre-combustion chamber
system is presented. The pre-combustion chamber system comprises a pre-combustion
chamber housing surrounding an interior cavity for defining a pre-combustion chamber,
a cooling chamber housing surrounding the pre-combustion chamber housing and
sealed together with the pre-combustion chamber housing at two longitudinal ends
forming a top portion and a bottom portion, a cooling chamber defined between the
pre-combustion chamber housing and the cooling chamber housing. The method
comprises forming a flow agitator in the pre-combustion chamber housing protruding
into the pre-combustion chamber. The flow agitator is configured to increase flow

disturbance in the pre-combustion chamber.

[0007] According to an aspect, a pre-combustion chamber is presented. The pre-

combustion chamber comprises a pre-combustion chamber housing surrounding an
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interior cavity for defining the pre-combustion chamber. The pre-combustion chamber
comprises a flow agitator arranged in the pre-combustion chamber housing protruding
into the pre-combustion chamber. The flow agitator is configured to increase flow

disturbance in the pre-combustion chamber.

[0008] Various aspects and embodiments of the application as described above and
hereinafter may not only be used in the combinations explicitly described, but also in
other combinations. Modifications will occur to the skilled person upon reading and

understanding of the description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Exemplary embodiments of the application are explained in further detail

with respect to the accompanying drawings. In the drawings.

[0010] FIG. 1 is a schematic perspective view of an internal combustion engine
having a pre-combustion chamber system according to an embodiment of the present

invention; and

[0011] FIGs. 2 to 11 are schematic views of a pre-combustion chamber system

according to various embodiments of the present invention.

[0012] To facilitate understanding, identical reference numerals have been used,

where possible, to designate identical elements that are common to the figures.

DETAILED DESCRIPTION OF THE INVENTION

[0013] A detailed description related to aspects of the present invention is described

hereafter with respect to the accompanying figures.

[0014] FIG. 1 is a schematic perspective view of an internal combustion engine 10
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having a pre-combustion chamber system 100 according to an embodiment of the
present invention. As shown in FIG. 1, the internal combustion engine 10 includes a
pre-combustion chamber system 100 and a main combustion chamber 200. The pre-
combustion chamber system 100 includes a cooling chamber housing 110, a top portion
114 and a bottom portion 116. The main combustion chamber 200 is connected to the

bottom portion 116 of the pre-combustion chamber system 100.

[0015] The pre-combustion chamber system 100 includes a pre-combustion
chamber housing 112 (shown in FIGs. 2 to 11) that is surrounded by the cooling
chamber housing 110 with a space therebetween for defining a cooling chamber 150
(shown in FIGs. 2 to 11). The pre-combustion chamber housing 112 and the cooling
chamber housing 110 are sealed together at two longitudinal ends forming the top
portion 114 and the bottom portion 116. The pre-combustion chamber housing 112 and
the cooling chamber housing 110 may be sealed together at the top portion 114 and the
bottom portion 116 or may be formed as an integral piece at the top portion 114 and the
bottom portion 116. The pre-combustion chamber housing 112 surrounds an interior
cavity that defines a pre-combustion chamber 120, which are illustrated in detail with
reference to FIGs. 2 to 11. The pre-combustion chamber system 100 includes a spark
plug 130. The spark plug 130 is installed in a spark plug port 132 disposed at the top
portion 114 and extends into the pre-combustion chamber 120. The spark plug 130 may
be threaded to the spark plug port 132. The pre-combustion chamber system 100
includes a fuel supply line 140. The fuel supply line 140 is installed in a fuel supply
port 142 disposed at the top portion 114 and extends into the pre-combustion chamber
120. The fuel supply line 140 may be threaded to the fuel supply port 142. The pre-
combustion chamber system 100 includes a coolant inlet tube 152 and a coolant outlet
tube 156. The coolant inlet tube 152 and the coolant outlet tube 156 are respectively
installed in a coolant inlet hole 153 and a coolant outlet hole 157 disposed at the top

portion 114 and communicate with the cooling chamber 150.

[0016] During operation of the internal combustion engine 10, a fuel is injected into

the pre-combustion chamber 120 through the fuel supply line 140. The fuel is mixed
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with air in the pre-combustion chamber 120. The mixture of fuel and air is ignited by
the spark plug 130. The burning mixture of air and fuel expands and is expelled out the
pre-combustion chamber system 100 from the bottom portion 116 through a nozzle 118
(shown in FIGs. 2 to 11) and enter the main combustion chamber 200. The pre-
combustion chamber 120 is continuously cooled by coolant in the cooling chamber 150
during operation. The coolant continuously circulates in the cooling chamber 150 via
the coolant inlet tube 152 and the coolant outlet tube 156 during operation. The coolant

may be water, or any suitable coolants known in the industry.

[0017] FIG. 2 is a schematic longitudinal cross section view of a pre-combustion
chamber system 100 taken along line A-A of FIG. 1 according to an embodiment of the
present invention. As shown in the exemplary embodiment of FIG. 2, the pre-
combustion chamber system 100 includes a pre-combustion chamber housing 112. The
pre-combustion chamber housing 112 surrounds an interior cavity which defines a pre-
combustion chamber 120. The pre-combustion chamber housing 112 is surrounded by
the cooling chamber housing 110 with a space therebetween which defines a cooling
chamber 150. The pre-combustion chamber housing 112 and the cooling chamber
housing 110 may be sealed together at two longitudinal ends forming a top portion 114
and a bottom portion 116. The cooling chamber 150 is in communication with the
coolant inlet tube 152 and the coolant outlet tube 156 as shown in FIG. 1. During
operation, coolant continuously circulates in the cooling chamber 150 through the
coolant inlet tube 152 and the coolant outlet tube 156 for cooling the pre-combustion
chamber 120. The pre-combustion chamber system 100 includes a nozzle 118. The
nozzle 118 is disposed at a bottom of the pre-combustion chamber 120 and extends
through the bottom portion 116 for expelling the burning mixture of air and fuel out of
the pre-combustion chamber 120 into the main combustion chamber 200 (shown in
FIG. 1). In the exemplary embodiment as shown in FIG. 2, the pre-combustion
chamber housing 112 and the cooling chamber housing 110 have a generally
cylindrical shape and a generally conical shape toward the bottom portion 116. It is

understood that the pre-combustion chamber housing 112 and cooling chamber housing
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110 may have any suitable shapes, such as a straight generally cylindrical shape.

[0018] The pre-combustion chamber system 100 includes at least one flow agitator
122. The flow agitator 122 is a structure arranged in the pre-combustion chamber
housing 112. The flow agitator 122 may tumble flow in the pre-combustion chamber
120 to increase flow disturbance in the pre-combustion chamber 120 for promoting an
agitated flow 124 in the pre-combustion chamber 120. The agitated flow 124 circulates
in the pre-combustion chamber 120 in a more random and disturbed manner. The
agitated flow 124 may improve mixing between the fuel and air and creates a more
homogeneous mixture of the fuel and air in the pre-combustion chamber 120 for the
internal combustion engine 10. The more homogeneous mixture of the fuel and air in
the pre-combustion chamber 120 may reduce a fuel requirement for the internal
combustion engine 10 which may result in a reduction in emission of the internal
combustion engine 10. The more homogeneous mixture of the fuel and air in the pre-
combustion chamber 120 may result in an increased stability of the internal combustion

engine 10.

[0019] The flow agitator 122 may be a structure arranged in the pre-combustion
chamber housing 112 that protrudes into the pre-combustion chamber 120. The flow
agitator 122 may be a portion of the pre-combustion chamber housing 112 that
protrudes into the pre-combustion chamber 120. According to the exemplary
embodiment as illustrated in FIG. 2, the pre-combustion chamber housing 112 may
have the same thickness. It is understood that a portion of the pre-combustion chamber
housing 112 may have a thicker thickness protruding into the pre-combustion chamber
120 to form the flow agitator 122. The flow agitator 122 may have any suitable shapes
of protrusion, such as elliptical shape protrusion, trapezoidal shape protrusion, square
shape protrusion, rectangular shape protrusion, clipped delta shape protrusion, etc.
Shapes of the flow agitator 122 is determined to promote desired agitator flow 124

based on design requirements of the internal combustion engine 10.

[0020] The flow agitator 122 may span at least a sector of a circumference of the
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pre-combustion chamber housing 112. For example, the flow agitator 122 may cover an
80 degree sector of the circumference of the pre-combustion chamber housing 112, or a
100 degree sector of the circumference of the pre-combustion chamber housing 112, or
a 120 degree sector of the circumference of the pre-combustion chamber housing 112,
or a 140 degree sector of the circumference of the pre-combustion chamber housing
112, etc. It is understood that the flow agitator 122 may cover any desired degree
sectors of the pre-combustion chamber housing 112 based on design requirements of
the internal combustion engine 10. The flow agitator 122 may span the entire
circumference of the pre-combustion chamber housing 112. The flow agitator 122 may
also span greater than the entire circumference of the pre-combustion chamber housing
112. The pre-combustion chamber system 100 may include a plurality of flow agitators
122 arranged in the pre-combustion chamber housing 112. The plurality of flow
agitators 122 may be arranged at different longitudinal locations in the pre-combustion
chamber housing 112. The plurality of flow agitators 122 may span different sectors of
the circumference of the pre-combustion chamber housing 112. The plurality of flow
agitators 122 may span different sections that may overlap a portion in the
circumference of the pre-combustion chamber housing 112. Quantity of the flow
agitator 122 is determined to promote desired agitator flow 124 based on design

requirements of the internal combustion engine 10.

[0021] The flow agitator 122 may be an integral piece of the pre-combustion
chamber 120. The flow agitator 122 may be integrally manufactured to the pre-
combustion chamber 120 using additive manufacturing. The flow agitator 122 may be
integrally manufactured to the pre-combustion chamber 120 using traditional
manufacturing, such as casting. The flow agitator 122 may have a desired wall

thickness that is controlled to minimize a likelihood of creating a hot spot.

[0022] FIG. 3 is a schematic perspective view of a pre-combustion chamber 120
according to an exemplary embodiment shown in FIG. 2. With references to FIGs 2
and 3, the pre-combustion chamber system 100 includes two inclined flow agitators

122. The two inclined flow agitators 122 are located at two different longitudinal
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locations. One of the flow agitators 122 may be located close to the top portion 114,
The other one of the flow agitators 122 may be located close to the bottom portion 116.
Each of the inclined flow agitator 122 may include a protrusion that has a first end 122a
located at a lower longitudinal location in the pre-combustion chamber housing 112
than a second end 122b. Each of the two inclined flow agitators 122 spans a sector of
the circumference of the pre-combustion chamber housing 112. The two inclined flow
agitators 122 are separated with each other in the circumference of the pre-combustion
chamber housing 112. It is understood that at least one of the inclined flow agitators

122 may span the entire circumference of the pre-combustion chamber housing 112.

[0023] FIG. 4 is a schematic longitudinal cross section view of a pre-combustion
chamber system 100 taken along line A-A of FIG. 1 according to another embodiment
of the present invention. FIG. 5 a schematic perspective view of a pre-combustion
chamber 120 according to an exemplary embodiment shown in FIG. 4. With references
to FIGs 4 and 5, the pre-combustion chamber system 100 includes two straight flow
agitators 122. The two straight flow agitators 122 are located at two different
longitudinal locations. One of the straight flow agitators 122 may be located close to
the top portion 114. The other one of straight the flow agitators 122 may be located
close to the bottom portion 116. Each of the straight flow agitator 122 may include a
protrusion that has two ends 122a and 122b located at the same longitudinal locations
in the pre-combustion chamber housing 112. According to the exemplary embodiment
shown in FIGs. 4 and 5, each of the two straight flow agitators 122 spans the entire
circumference of the pre-combustion chamber housing 112 so that the first end 122a
and the second end 122b meet. It is understood that at least one of the straight flow
agitators 122 may span a section of the circumference of the pre-combustion chamber

housing 112.

[0024] FIG. 6 is a schematic longitudinal cross section view of a pre-combustion
chamber system 100 taken along line A-A of FIG. 1 according to an embodiment of the
present invention. As shown in the exemplary embodiment of FIG. 6, the pre-

combustion chamber system 100 includes a panel 111 arranged between the cooling
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chamber housing 110 and the pre-combustion chamber housing 112. The panel 111
divides the cooling chamber 150 into two cooling chambers, a cooling inlet chamber
154 and a cooling outlet chamber 158. The cooling inlet chamber 154 is defined
between the panel 111 and the cooling chamber housing 110. The cooling outlet
chamber 158 is defined between the panel 111 and the pre-combustion chamber
housing 112. The panel 111 is sealed together with the cooling chamber housing 110
and the pre-combustion chamber housing 112 at the top portion 114. The panel 111 is
not sealed together with the cooling chamber housing 110 and the pre-combustion
chamber housing 112 at the bottom portion 116 which leaves an opening 155 at the
bottom of the cooling chamber 150 which may correspond to the hottest portion of the
pre-combustion chamber 120. The cooling inlet chamber 154 and the cooling outlet
chamber 158 communicate with each other through the opening 155. The cooling inlet
chamber 154 also communicates with the coolant inlet tube 152 (shown in FIG. 1). The
cooling outlet chamber 158 also communicates with the coolant outlet tube 156 (shown

in FIG. 1).

[0025] The cooling inlet chamber 154 and the cooling outlet chamber 158 may be
two tubes of the cooling chamber 150. The cooling chamber 150 may be manufactured
as an integral piece consisting of the cooling inlet chamber 154 and the cooling outlet
chamber 158 which eliminates a need for securing the cooling inlet chamber 154 and
the cooling outlet chamber 158 together. The cooling chamber 150 having the divided
cooling inlet chamber 154 and the cooling outlet chamber 158 may be integrally
manufactured using additive manufacturing, or using traditional manufacturing

methods, such as casting.

[0026] During operation, coolant is continuously supplied to the cooling inlet
chamber 154 via the coolant inlet tube 152 and enters the cooling outlet chamber 158
through the opening 155 at the bottom of the cooling chamber 150. The coolant
circulates in the cooling outlet chamber 158 and exits the cooling outlet chamber 158
via the coolant outlet tube 156. The coolant cools the pre-combustion chamber 120

while circulating in the cooling outlet chamber 158. As shown in FIG. 6, the divided
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cooling inner chamber 154 and the cooling outer chamber 158 may ensure the coolant
is directed to the bottom of the pre-combustion chamber 120 which may be the hottest
portion of the pre-combustion chamber 120. The divided cooling inner chamber 154
and the cooling outer chamber 158 may increase heat exchange of the cooling chamber
150 which may improve longevity of the pre-combustion chamber system 100 and
reduces misfiring or pre-combustion/detonation due to overheating of the pre-

combustion chamber 120.

[0027] FIG. 7 is a schematic longitudinal cross section view of a pre-combustion
chamber system 100 taken along line A-A of FIG. 1 according to an embodiment of the
present invention. As shown in the exemplary embodiment of FIG. 7, the pre-
combustion chamber system 100 includes at least a cooling fin 126. The cooling fin
126 is arranged in the pre-combustion chamber housing 112. The cooling fin 126 may
extend into the cooling chamber 150. The cooling fin 126 may increase heat exchange
of the cooling chamber 150 which may improve longevity of the pre-combustion
chamber system 100 and reduces misfiring or pre-combustion/detonation due to
overheating of the pre-combustion chamber 120. The cooling fin 126 may have any
suitable shapes, such as elliptical shape, trapezoidal shape, square shape, rectangular
shape, clipped delta shape, etc. The cooling fin 126 may be manufactured as an integral
piece of the cooling chamber 150 which eliminates a need for securing the cooling fin
126 in the cooling chamber 150. The cooling fin 126 may be integrally manufactured
using additive manufacturing, or using traditional manufacturing methods, such as
casting. The pre-combustion chamber system 100 may include a plurality of cooling
fins 126 arranged at different locations of the pre-combustion chamber housing 112.

The cooling fins 126 may extend into the cooling chamber 150.

[0028] FIGs. 8 to 11 are schematic longitudinal cross section views of a pre-
combustion chamber system 100 taken along line A-A of FIG. 1 according to various
embodiments of the present invention. As shown in an exemplary embodiment of FIG.
8, the pre-combustion chamber system 100 includes at least one inclined flow agitator

122 to increase flow disturbance in the pre-combustion chamber 120 for promoting

10
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agitated flow 124. The pre-combustion chamber system 100 may also include a divided
cooling chamber 150 having a cooling inlet chamber 154 and a cooling outlet chamber
158 to increase heat exchange. As shown in an exemplary embodiment of FIG. 9, the
pre-combustion chamber system 100 includes at least one inclined flow agitator 122 to
increase flow disturbance in the pre-combustion chamber 120 for promoting agitated
flow 124. The pre-combustion chamber system 100 may also include at least a cooling
fin 126 to increase heat exchange. As shown in an exemplary embodiment of FIG. 10,
the pre-combustion chamber system 100 includes at least one straight flow agitator 122
to increase flow disturbance in the pre-combustion chamber 120 for promoting agitated
flow 124. The pre-combustion chamber system 100 also includes a divided cooling
chamber 150 having a cooling inlet chamber 154 and a cooling outlet chamber 158 to
increase heat exchange. As shown in an exemplary embodiment of FIG. 11, the pre-
combustion chamber system 100 includes at least one straight flow agitator 122 to
increase flow disturbance in the pre-combustion chamber 120 for promoting agitated
flow 124. The pre-combustion chamber system 100 also include at least a cooling fin

126 to increase heat exchange.

[0029] According to an aspect, the proposed pre-combustion chamber system 100
may include at least a flow agitator 122 to increase flow disturbance in the pre-
combustion chamber 120 for promoting more random and disturbed agitated flow 124
in the pre-combustion chamber 120. The agitated flow 124 circulates in the pre-
combustion chamber 120 to improve mixing between fuel and air in the pre-
combustion chamber 120 to create more homogeneous mixture of fuel and air in the
pre-combustion chamber 120 which may reduce fuel requirement, reduce emission,
and/or increase stability of an internal combustion engine 10. The flow agitator 122
may be manufactured as an integral piece of the pre-combustion chamber 120 using
additive manufacturing or using traditional manufacturing methods which may reduce

manufacturing operations and cost.

[0030] According to an aspect, the proposed pre-combustion chamber system 100

may increase heat exchange of a cooling chamber 150 using divided cooling chamber

11
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150 having a cooling inlet chamber 154 and a cooling outlet chamber 158 or using a
cooling fin 126 arranged in the pre-combustion chamber housing 112 extending into
the cooling chamber 150. The proposed pre-combustion chamber system 100 may thus
improve longevity of the pre-combustion chamber system 100 and reduce misfiring or

pre-combustion/detonation due to overheating of the pre-combustion chamber 120.

[0031] According to an aspect, the cooling chamber 150 may be manufactured as
an integral piece consisting of the cooling inlet chamber 154 and the cooling outlet
chamber 158. The cooling chamber 150 may be manufactured as an integral piece
consisting of the cooling fins 126. The integral cooling chamber 150 may reduce
manufacturing operations and cost. The integral cooling chamber 150 may be
manufactured using additive manufacturing or using traditional manufacturing

methods.

[0032] Although various embodiments that incorporate the teachings of the present
invention have been shown and described in detail herein, those skilled in the art can
readily devise many other varied embodiments that still incorporate these teachings.
The invention is not limited in its application to the exemplary embodiment details of
construction and the arrangement of components set forth in the description or
illustrated in the drawings. The invention is capable of other embodiments and of
being practiced or of being carried out in various ways. Also, it is to be understood that
the phraseology and terminology used herein is for the purpose of description and

29 CC

should not be regarded as limiting. The use of “including,” “comprising,” or “having”
and variations thereof herein is meant to encompass the items listed thereafter and
equivalents thereof as well as additional items. Unless specified or limited otherwise,
the terms “mounted,” “connected,” “supported,” and “coupled” and variations thereof
are used broadly and encompass direct and indirect mountings, connections, supports,
and couplings. Further, “connected” and “coupled” are not restricted to physical or

mechanical connections or couplings.

12
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CLAIMS

What is claimed is:

1. A pre-combustion chamber system comprising:

a pre-combustion chamber housing surrounding an interior cavity for defining a
pre-combustion chamber;

a cooling chamber housing surrounding the pre-combustion chamber housing
and sealed together with the pre-combustion chamber housing at two longitudinal ends
forming a top portion and a bottom portion;

a cooling chamber defined between the pre-combustion chamber housing and
the cooling chamber housing; and

a flow agitator arranged in the pre-combustion chamber housing protruding into
the pre-combustion chamber,

wherein the flow agitator is configured to increase flow disturbance in the pre-

combustion chamber.

2. The pre-combustion chamber system as claimed in claim 1, wherein the
flow agitator comprises an inclined protrusion having one end located at a lower

longitudinal location than the other end in the pre-combustion chamber housing.

3. The pre-combustion chamber system as claimed in claim 1, wherein the
flow agitator comprises a straight protrusion having two ends located at the same

longitudinal locations in the pre-combustion chamber housing.

4. The pre-combustion chamber system as claimed in claim 1, wherein the
flow agitator spans at least a sector of a circumference of the pre-combustion chamber

housing.

14
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5. The pre-combustion chamber system as claimed in claim 1, further
comprising a plurality of flow agitators arranged in the pre-combustion chamber

housing.

6. The pre-combustion chamber system as claimed in claim 1, further
comprising a panel arranged between the pre-combustion chamber housing and the
cooling chamber housing, wherein the panel is configured to divide the cooling

chamber into a cooling inlet chamber and a cooling outlet chamber.

7. The pre-combustion chamber system as claimed in claim 6, wherein the
panel is sealed together with the pre-combustion chamber housing and the cooling
chamber housing at the top portion, wherein the panel leaves an opening at a bottom of
the cooling chamber, and wherein the cooling inlet chamber and the cooling outlet
chamber communicate with each other through the opening at the bottom of the cooling

chamber.

8. The pre-combustion chamber system as claimed in claim 1, further
comprising a cooling fin arranged in the pre-combustion chamber housing extending

into the cooling chamber.

9. A method for making a pre-combustion chamber system, wherein the
pre-combustion chamber system comprises a pre-combustion chamber housing
surrounding an interior cavity for defining a pre-combustion chamber, a cooling
chamber housing surrounding the pre-combustion chamber housing, the pre-
combustion chamber housing and the cooling chamber housing sealed together at two
longitudinal ends forming a top portion and a bottom portion, a cooling chamber
defined between the pre-combustion chamber housing and the cooling chamber
housing, the method comprising:

forming a flow agitator in the pre-combustion chamber housing protruding into

the pre-combustion chamber,
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wherein the flow agitator is configured to increase flow disturbance in the pre-

combustion chamber.

10. The method as claimed in claim 9, wherein the flow agitator is formed
as an inclined protrusion having one end located at a lower longitudinal location than

the other end in the pre-combustion chamber housing.

11. The method as claimed in claim 9, wherein the flow agitator is formed
as a straight protrusion having two ends located at the same longitudinal locations in

the pre-combustion chamber housing.

12. The method as claimed in claim 9, wherein the flow agitator is formed

to span at least a sector of a circumference of the pre-combustion chamber housing.

13.  The method as claimed in claim 9, further comprising forming a

plurality of flow agitators in the pre-combustion chamber housing.

14.  The method as claimed in claim 9, further comprising forming a panel
between the pre-combustion chamber housing and the cooling chamber housing,
wherein the panel is configured to divide the cooling chamber into a cooling inlet

chamber and a cooling outlet chamber.

15. The method as claimed in claim 14, wherein the panel is formed such
that the panel is sealed together with the pre-combustion chamber housing and the
cooling chamber housing at the top portion and leaves an opening at a bottom of the
cooling chamber, and wherein the cooling inlet chamber and the cooling outlet chamber
communicates with each other through the opening at the bottom of the cooling

chamber.

16.  The method as claimed in claim 9, further comprising forming a cooling

fin in the pre-combustion chamber housing extending into the cooling chamber.
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17. A pre-combustion chamber comprising:

a pre-combustion chamber housing surrounding an interior cavity for defining
the pre-combustion chamber; and

a flow agitator arranged in the pre-combustion chamber housing protruding into
the pre-combustion chamber,

wherein the flow agitator is configured to increase flow disturbance in the pre-

combustion chamber.

18. The pre-combustion chamber as claimed in claim 17, wherein the flow
agitator comprises an inclined protrusion having one end located at a lower longitudinal

location than the other end in the pre-combustion chamber housing.

19.  The pre-combustion chamber as claimed in claim 17, wherein the flow
agitator comprises a straight protrusion having two ends located at the same

longitudinal locations in the pre-combustion chamber housing.

20. The pre-combustion chamber as claimed in claim 17, wherein the flow
agitator spans at least a sector of a circumference of the pre-combustion chamber

housing.
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