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Description

CYLINDER HEAD

Technical Field

The present disclosure generally relates to a cylinder head configured to
house at least partly a fuel inlet valve and more particularly the present disclosure
refers to a cylinder head configured to be used in connection with a double-

walled fuel supply pipe system.

Background

Fuel supply pipe systems which are particularly used in gas or dual-fuel
engines may have to be specifically designed due to security purposes. For
example, double-walled or multi-walled configurations have to be applied to all
gas or fuel supplying components such as lines/pipes or connections elements to
be used in gas or dual-fuel engines. Such double-walled fuel supply pipe systems
may be used on ships or vessels where gas or dual fuel engines may be operated.
The same applies to gas or dual fuel engines used to generate electric power.

Double-walled fuel supply pipe systems may be configured such that fuel
may be piped from a fuel reservoir to a fuel inlet valve within an inner pipe
surrounded by an outer pipe. Double-walled configurations of fuel supply pipe
systems may be used to prevent leakage of gas into the atmosphere in case of
damage of the inner pipe of the double-walled fuel supply pipe systems.

Fuel inlet valves have to be housed. The housing of fuel inlet valves
usually comprises a plurality of components which require high precision during
production and cause high installation expenses.

EP 1 234 966 B1 shows a gas-fueled internal combustion engine
comprising at least one separate line extending from an injector to an associated

inlet port of an associated cylinder.
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DE 10 2009 014 796 A1 also shows a dual fuel engine comprising a
separate gas supply line extending into a gas inlet area arranged before the gas
inlet and outlet valves.

Further housings for fuel inlet valves are known from
W02004/005698A1, DE 10 2008 003 129 A1, W(098/20250 and US 3,788,546.

The present disclosure is directed, at least in part, to improving or

overcoming one or more aspects of the prior systems.

Summary of the Disclosure

In an aspect of the present disclosure, a cylinder head for an internal
combustion engine may comprise a cylinder head main body and an inlet valve
casing configured to house at least partly a fuel inlet valve. The inlet valve casing
may be integrally formed with the cylinder main body, and the inlet valve casing
may be casted on the cylinder head main body.

Other features and aspects of this disclosure will be apparent from the

following description and the accompanying drawings.

Brief Description of the Drawings

FIG. 1 shows a schematic overview of an internal combustion engine
having a fuel supply system according to the present disclosure;

FIG. 2 shows a detailed cross-sectional view of a section of the fuel
supply system of FIG. 1;

FIG. 3 shows a cross-sectional view of a fuel supply pipe element of the
fuel supply system of FIG. 2 according to a first embodiment;

FIG. 4 shows a cross-sectional view of a fuel supply pipe element of the
fuel supply system of FIG. 2 according to a second embodiment;

FIG. 5 shows a cross-sectional view of a fuel supply pipe element
according to a third embodiment;

FIG. 6 shows a cross-sectional view of a fuel supply pipe element

according to a fourth embodiment;
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FIG. 7 shows a cross-sectional view of a section of a cylinder head
according to a first embodiment of the present disclosure, the cylinder head
having mounted therein a fuel inlet valve according to a first embodiment of the
present disclosure;

FIG. 8 shows a cross-sectional view of a part of a cylinder head according
to a second embodiment of the present disclosure, the cylinder head having
mounted therein the fuel inlet valve shown in Fig. 7;

FIG. 9 shows a cross-sectional view of a part of a cylinder head according
to the first embodiment of the present disclosure, the cylinder head having
mounted therein a fuel inlet valve according to a second embodiment of the
present disclosure; and

FIG. 10 shows a flow chart of a method for detecting a leakage in the fuel

supply system of FIG. 1.

Detailed Description

The following is a detailed description of exemplary embodiments of the
present disclosure. The exemplary 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 applications.
Therefore, the exemplary embodiments are not intended 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 appended claims.

Referring to Fig. 1, an internal combustion engine 1 is shown. Internal
combustion engine 1 may comprise a fuel supply system 10. Fuel supply system
10 may be configured selectively to supply fuel such as gas or liquid fuel, for
example diesel fuel. Herein, the term "fuel" is used for any kind of gaseous fuel
as well as for any kind of liquid fuel.

Fuel supply system 10 may comprise a fuel line system and a pressure

monitoring system. Fuel line system may comprise a plurality of fuel line



WO 2013/064201 PCT/EP2012/003855

[24]

[25]

[26]

-4-

sections 11A, 11B, 11C, 11D, ..., 11n. Pressure monitoring system may comprise
a plurality of monitoring segments 20A, 20B, 20C, ..., 20n.

Each of fuel line sections 11A, 11B, 11C, 11D, ..., 11n may comprise a
fuel inlet valve 5S0A, 50B, 50C, .... Further, fuel line sections 11A, 11B, 11C,
11D, ..., 11n may be connected to each other such that they form a continuous
inner fuel pipe line. The continuous inner fuel pipe line may be connected to a
fuel reservoir 60.

Each of the plurality of monitoring segments 20A, 20B, 20C, ..., 20n may
be connected to each other such that they are dividable from a neighbouring one
of the monitoring segments 20A, 20B, 20C, ..., 20n by use of a respective valve
21A, 21B, 21C, ..., 21n. One of monitoring segments 20A, 20B, 20C, ..., 20n,
for example 20n, may be connected to an inert gas reservoir 40. One of
monitoring segments 20A, 20B, 20C, ..., 20n, for example 20A, opposing the
other one of monitoring segments 20A, 20B, 20C, ..., 20n connected to inert gas
reservoir 40, may be connected to a pressure sensor 23. Pressure sensor 23 may
be connected to control unit 30 via a first control line 32.

Control unit 30 may be a single microprocessor or plural microprocessors
that may include means for controlling, among others, operation of valves 21A,
21B, 21C, ..., 21n via second control lines 34 as well as other components of
internal combustion engine 1, for instance, it may indicate a leakage in fuel
supply system 10 based on a corresponding output signal of pressure sensor 23.
Control unit 30 may include all components required to run an application such
as, for example, a memory, a secondary storage device, and a processor such as a
central processing unit or any other means known in the art for controlling
combustion engine 1 and its various components. Control unit 30 may analyze
and compare received and stored data, and, based on instructions and data stored
in the memory or input by a user, determine whether action is required. Control
unit 30 may include any memory device known in the art for storing data relating

to operation of combustion engine 1 and its components. The data may be stored
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in the form of one or more maps that describe and/or relate, for example, to
operation of the valves 21A, 21B, 21C, ..., 21n. Each of the maps may be in the
form of tables, graphs, and/or equations, and may include a compilation of data
collected from lab and/or field operation of combustion engine 1.

Referring to FIG. 2, fuel supply system 10 may comprise a fuel supply
pipe system 100 and an inert gas supply pipe system 200. Fuel supply pipe
system 100 may be configured selectively to supply fuel such as gas or liquid
fuel, for example diesel fuel, to combustion units (not shown in FIG. 2).

Fuel supply pipe system 100 may have a plurality of fuel pipe sections
101. FIG. 2 shows only one complete fuel pipe section 101 connected to each of
the neighbouring fuel pipe sections. Referring to FIG. 1, monitoring segments
20A, 20B, 20C, ..., 20n may comprise inert gas supply pipe system 200 and part
of fuel supply pipe system 100. Fuel line sections 11A, 11B, 11C, ..., 11n may
comprise the other part of fuel supply pipe system 100. Referring to FIG. 2, each
of fuel pipe sections 101 may comprise two fuel supply pipe elements. Fuel
supply pipe elements may be a T-shaped fuel supply pipe element 110 and a
linear fuel supply pipe element 120 connected to each other by use of fastening
means, for example screws or bolts. Alternatively, both of fuel supply pipe
elements may be T-shaped or linearly shaped. T-shaped fuel supply pipe element
110 may have a linearly shaped section and a cylinder head section which may be
arranged perpendicular to the linear section and which may be arranged at the
side of a cylinder head in a mounted state. Fuel supply pipe elements 110, 120
may be made of metal.

Each of the T-shaped fuel supply pipe element 110 and the linear fuel
supply pipe element 120 may comprise an inner pipe 111, 121 and an outer pipe
112, 122. Inner pipe 111, 121 and outer pipe 112, 122 may define a pipe element
leakage detection space 113, 123 therebetween. Outer pipe 112, 122 may be
arranged concentrically around inner pipe 111, 121. Alternatively, outer pipe 112,

122 may be eccentrically arranged around inner pipe 111, 121.
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T-shaped fuel supply pipe element 110 may comprise a first end face
element 115 and a second end face element 116, second end face element 116
opposing first end face element 115. First end face element 115 and second end
face element 116 may be integrally formed with inner pipe 111. Alternatively,
first end face element 115 and second end face element 116 may be integrally
formed with outer pipe 112 or both inner pipe 111 and outer pipe 112. Further,
first end face element 115 and second end face element 116 may be separately
formed and connected to inner pipe 111 and/or outer pipe 112, for example by
plug connection, press-fitting, bolts or screws, the latter being exemplarily shown
in Fig. 2.

Linearly shaped fuel supply pipe element 120 may comprise a first end
face element 124 and a second end face element 125, second end face element
125 opposing first end face element 124. First end face element 124 and second
end face element 125 may be separately formed and connected to inner pipe 121
and outer pipe 122. As shown in FIG. 2, first end face element 124 and second
end face element 125 may be connected to inner pipe 121 and outer pipe 122 by
plug connection as exemplarily shown in Fig. 2. Alternatively, first end face
element 124 and second end face element 125 may be connected to inner pipe
121 and/or outer pipe 122 by a bolt connection using at least one screw or bolt.
Alternatively, first end face element 124 and second end face element 125 may be
integrally formed with inner pipe and/or outer pipe 122.

Fuel supply pipe elements 120 may comprise a bellow element 130.
Alternatively, none of the fuel supply pipe elements 110 or each of the fuel
supply pipe elements 110, 120 may comprise a bellow element 130.
Alternatively, fuel supply pipe element 110, 120 may have more than one bellow
element 130. In case of more than one bellow element 130, the bellow-elements
130 may be equally spaced from each other and equally distributed in fuel supply
pipe element 110, 120, respectively, or may be irregularly spaced from each other

and irregularly distributed in fuel supply pipe elements 110, 120, respectively.
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Bellow element 130 may comprise a plurality of kinks, for example six
kinks. Further bellow element 130 may comprise an inner bellow 131 and an
outer bellow 132. Inner bellow 131 and outer bellow 132 may define a bellow
leakage detection space 133 there between. Outer bellow 132 may be
concentrically arranged around inner bellow 131. Alternatively, outer bellow 132
may be eccentrically arranged around inner bellow 131. Leakage detection space
133 may be open at each of the ends of bellow element 130 such that, in an
assembled state, it may be fluidly connected to leakage detection space 123.
Alternatively, in case both fuel supply pipe elements 110, 120 comprise a bellow
element 130, leakage detection space 133 may be fluidly connected to leakage
detection spaces 113 and 123, respectively, in an assembled state. Bellow element
130 may be made of metal, such as stainless steel, for example, EN 10088-2-
1.4301 or EN 10088-2-1.4571. Alternatively, a low priced steel may be used for
bellow element 130. The length of bellow element 130 may be dependent on the
length of fuel supply element 110, 120 and/or the number of bellow elements 130
provided in fuel supply element 130. For example, bellow element 130 may have
a length between 40 mm and 100 mm, preferably around 50 mm, 80 mm or 90
mm.

Fuel supply system 10 may further comprise a cylinder head 140.
Cylinder head 140 may comprise a cylinder head main body 149 and an inlet
valve casing 143. Inlet valve casing 143 may be casted on cylinder head main
body 149 and may have a cup-like shape with a substantially closed bottom
portion, a side wall portion and an open upper portion. Side wall portion may
have a circular cross-section in an up-and-down-direction in FIG. 2 or may have a
polygonal cross-section in an up-and-down-direction in FIG. 2.

Inlet valve casing 143 may be made by integrally forming, for example
casting, a boss on the one end of a mixing chamber of cylinder head 140. Casting
the boss may be made by use of a core which is removed after the casting

process. Inlet valve casing 143 may be connected to fuel supply pipe element
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110, for example by use of screws or bolts such that open upper portion is
directed to fuel supply pipe system side and substantially closed bottom portion is
directed to combustion chamber side. Combustion chamber (not shown) may be
connected to cylinder head 140. Additionally, inlet valve casing 143 may be
connected to fuel supply pipe element 120.

As shown in Fig. 2, inlet valve casing 143 may house a fuel inlet valve
150. Fuel inlet valve 150 may comprise a valve housing 151. Fuel inlet valve
may be connected to an external power source 300 via two cables 310.
Alternatively, fuel inlet valve 150 may be connected to power source 300 via one
or more than two cables 310. Cables 310 may run through valve housing 151 and
inlet valve casing 143.

Inlet valve casing 143 may have a greater dimension, for example a larger
cross-section as viewed in an up-and-down-direction in FIG. 2 than the cross-
section of fuel inlet valve 150 such that inlet valve casing 143 and fuel inlet valve
150 define a casing leakage detection space 141 there between. Inlet valve casing
143 may be connected to fuel supply pipe element 110 in a manner that leakage
detection space 141 is fluidly connected to leakage detection space 113. In case
inlet valve casing 143 is connected to fuel supply pipe element 120, leakage
detection space 141 may be fluidly connected to leakage detection space 123.

As shown in FIG. 2, inert gas supply pipe system 200 may comprise an
inert gas supply pipe 220. Inert gas supply pipe 220 may be divided into a
plurality of inert gas supply pipe sections by means of shut off valves 210. Inert
gas supply pipe 220 may be fluidly connected to leakage detection space 113 of
fuel supply pipe element 110 via tubular connecting parts 240. Alternatively,
inert gas supply pipe 220 may be fluidly connected to leakage detection space
123 of fuel supply pipe element 120 or both to leakage detection space 113 of
fuel supply pipe element 110 and leakage detection space 123 of fuel supply pipe

element 120.



WO 2013/064201 PCT/EP2012/003855

[39]

[40]

[41]

(42]

[43]

9.

Fuel supply system 10 may further comprise a single pressure sensor 230.
Pressure sensor 230 may be arranged at one end of inert gas supply pipe 220.
Alternatively, pressure sensor 230 may be arranged else where at inert gas supply
pipe 220. Pressure sensor 230 may be configured to detect a pressure deviation,
in particular, a pressure drop in inert gas supply pipe 220. Pressure sensor 230
may be a silicium-, silica- or metal-based sensor. In addition, pressure sensor 230
may be made of or coated with a piezo-electric material.

FIG. 3 shows a first embodiment of a fuel supply pipe element, namely
fuel supply pipe element 110 being formed substantially T-shaped. In particular,
as shown in FIG. 3, inner pipe 111 may be formed T-shaped.

In second end face 116, a pipe element leakage detection opening 117
may be formed. Pipe element leakage detection opening 117 may connect leakage
detection space 113 to the outside of fuel supply pipe element 110 and in the
mounted state to inert gas supply pipe 220. Alternatively, pipe element leakage
detection opening 117 may be formed in first end face element 115.

Further, fuel supply pipe element 110 may have a third end face element
118. Third end face element may be arranged perpendicularly to first end face
element 115 and second end face element 116. In particular, third end face
element 118 may be arranged at a lower end of T-shaped fuel supply pipe
element 110 as viewed in FIG. 3. Third end face element 118 may have a casing
leakage detection opening 114. Casing leakage detection opening 114 may extend
through third end face element 118 in an up-and-down-direction as viewed in
FIG. 3. Casing leakage detection opening 114 may connect leakage detection
space 113 to the outside of fuel supply pipe element 110.

Further, fuel supply pipe element 110 may have a plurality of fixing holes
119, for example eight fixing holes (only two fixing holes shown in FIG. 3, one
fixing hole 119 on each left and right side of fuel supply element 110 as viewed
in FIG. 3) for fixing a screw or the like, at first end face element 115, second end

face element 116 and third end face element 118.
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FIG. 4 shows a second embodiment of a fuel supply pipe element, namely
linearly shaped fuel supply pipe element 120.

In the second end face element 125, a pipe element leakage detection
opening 126 may be formed. Pipe element leakage detection opening 126 may
connect leakage detection space 123 to the outside of fuel supply pipe element
120. Alternatively, pipe element leakage detection opening 126 may be formed in
first end face element 124. Alternatively, fuel supply pipe element 120 may have
a further leakage detection opening connecting fuel detection space 123 to the
outside of fuel supply pipe element 120 and extending in a direction
perpendicular to the direction in which the pipe element leakage detection
opening 126 extends.

Further, fuel supply pipe element 120 may have a plurality of fixing holes
129, for example eight fixing holes 129 (only four fixing holes shown in FIG. 4,
two fixing holes 129 on each of the right and left sides of fuel supply pipe
element 120 as viewed in FIG. 4) for fixing a screw or the like, for example at
first end face element 124 and second end face element 125. Preferably, fixing
holes 129 may be arranged at a portion of first end face element 124 and second
end face element 125, respectively, which is positioned outwards relative to the
portion of first end face element 124 and second end face element 125,
respectively, positioned adjacent to leakage detection spacel23.

As further shown in FIG. 4, bellow element 130 may be welded to inner
pipe 121 and outer pipe 122. Bellow element 130 may be arranged midway
between first end face element 124 and second end face element 125.
Alternatively, bellow element 130 may be arranged closer to first end face
element 124 or closer to second end face element 125. Preferably, bellow element
130 may be spaced from first end face element 124 and/or second end face
element 125 at least about 10 mm, preferably, at least about 20 mm, 30 mm, 40
mm, 50 mm, 75 mm or 100 mm, the exact distance being dependent on the length

of fuel supply pipe element 110, 120.
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In an assembled state, as shown in FIG. 2, a plurality of fuel supply pipe
elements 110, 120 may be connected to each other such that inner pipes 111, 121
form a continuous inner pipe line and two neighboring outer pipes 112, 122 form
a closed outer pipe line section, the two outer pipes 112, 122 being connected to
each other by pipe element leakage detection openings 117, 126.

FIG. 5 shows a third embodiment of a fuel supply pipe element. The
embodiment shown in FIG. 5 differs from the second embodiment in that bellow
element 130 may be provided with a first bellow flange 134 at one end thereof
and a second bellow flange 135 at the other opposing end thereof. First bellow
flange 134 and second bellow flange 135 may be integrally formed with inner
bellow 131 and outer bellow 132 and may be welded to inner pipe 121 or outer
pipe 122. Alternatively, first bellow flange 134 and second bellow flange 135
may be welded or plug-connected to bellow element 130 and/or may be welded
to only one of inner pipe 121 and outer pipe 122.

FIG. 6 shows a fourth embodiment of a fuel supply pipe element. The
embodiment shown in FIG. 6 differs from the second embodiment in that fuel
supply pipe element 120 may be provided with a first mounting flange 127 and a
second mounting flange 128, each of which may be arranged adjacent to bellow
element 130. In particular, first mounting flange 127 may be arranged adjacent to
a first bellow flange 134' and second mounting flange 128 may be arranged
adjacent to a second bellow flange 135'. First mounting flange 127 and first
bellow flange 134' may be connected to each other, for example by screws or
bolts (not shown). Second mounting flange 128 and second bellow flange 135'
may be connected to each other, for example by screws or bolts (not shown). First
mounting flange 127 and second mounting flange 128 may be connected to inner
pipe 121 and outer pipe 122 by plug connection. Alternatively, first mounting
flange 127 and second mounting flange 128 may be welded to inner pipe 121
and/or outer pipe 122. In case of more than one bellow element 130, fuel supply

pipe element 120 may also have more than two mounting flanges 127, 128.
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FIG. 7 shows a first embodiment of inlet valve casing 143 and valve 150.

As shown in FIG. 7, inlet valve casing 143 may be integrally casted with
cylinder head main body 149 and may have a larger dimension than fuel inlet
valve 150 which results in leakage detection space 141. As FIG. 7 further shows,
leakage detection space 141 may have a closed end face 147 and an open end
face 148 opposing closed end face 147 in an up-and-down direction as viewed in
FIG. 7. In an assembled state, closed end face 147 may be located on the
combustion chamber side and open end face 148 may be located on the fuel
supply pipe system side. Further, inlet valve casing 143 may comprise a casing
through hole 142 extending from the outside to the inside of inlet valve casing
143. Casing through hole 142 may serve for receiving and guiding one or more
cables 310 connecting valve 150 to power source 300.

As further shown in FIG. 7, valve housing 151 may also have a housing
through hole 153 extending from leakage detection space 141 to the inside of fuel
inlet valve 150. Housing through hole 153 may serve for guiding cables 310. In
housing through hole 153, a barrier element 170 may be arranged. Barrier
element 170 may comprise an inner barrier 171 and an outer barrier 172. Inner
barrier 171 and outer barrier 172 may define a valve leakage detection space 173
there between.

Each of inner barrier 171 and outer barrier 172 may comprise two cable
bushings (not shown in detail). Alternatively, each of inner barrier 171 and outer
barrier 172 may comprise one or more than two cable bushings. The cable
bushings may serve as a guidance for guiding cables 310 from the inside of fuel
inlet valve 150 to the outside of fuel supply system 10 via housing through hole
153 of fuel inlet valve 150 and casing through hole 142 of inlet valve casing 143.

Valve housing 151 may further have a first valve leakage detection
opening 152. First valve leakage detection opening 152 may extend from leakage

detection space 173 of barrier element 170 to leakage detection space 141. First
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valve leakage detection opening 152 may extend obliquely in valve housing 151
in an upward or downward direction as viewed in FIG. 7.

A bushing 160 may be arranged in casing through hole 142. Bushing 160
may extend from the outside of inlet valve casing 143 into at least part of the
valve housing 151 for protecting cables 310 from the high pressure gas in leakage
detection space 141. Bushing 160 may be made of metal materials or plastic
materials. Further, bushing 160 may comprise an external thread and may be
screwed into casing through hole 142. In this case, casing through hole 142 may
be provided with an internal thread. Alternatively, bushing 160 may be provided
with a flange having fixing holes for fixing bushing 160 at cylinder head 140,
particularly, at inlet valve casing 143, with fastening means, such as screws or
bolts. The length and diameter of bushing 160 may be dependent on the size of
cylinder head 140. For example, bushing 160 may have a length between 80 mm
and 100 mm, preferably 81 mm, 85 mm, 90 mm, 95 mm. Further, in case of a
bushing having a length between 80 mm and 100 mm, bushing 160 may have a
diameter between 30 and 40 mm, preferably 32.5 mm, 35 mm or 37.5 mm.

FIG. 8 shows a cylinder head 140’ according to a second embodiment.
Cylinder head 140’ differs from cylinder head 140 in that it may comprise an inlet
valve casing 143’ comprising an outer casing wall 144 and an inner casing wall
145. Inner casing wall 145 and outer casing wall 144 may define a leakage
detection space 141' there between. Outer casing wall 144 may have an internal
dimension being the same as an external dimension of fuel inlet valve 150 such
that fuel inlet valve 150 fits into inner casing wall 145.

Inner casing wall 145 may have a casing through hole 146. Casing
through hole 146 may extend from leakage detection space 141 to the inside of
valve casing 143 and may oppose casing through hole 142. Casing through hole
146 may serve for guiding cables 310.

Inner casing wall 145 may have a second valve leakage detection opening

159. Second valve leakage detection opening 159 may be located below casing
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through hole 146 as viewed in FIG. 8. Alternatively, second valve leakage
detection opening 159 may be located above casing through hole 146. In an
assembled state, second valve leakage detection opening 159 may be fluidly
connected to leakage detection space 173 of barrier element 170 via first valve
leakage detection opening 152.

FIG. 9 shows fuel inlet valve 150’ according to a second embodiment. In
particular, fuel inlet valve 150> shown in FIG. 9 may differ from fuel inlet valve
shown in FIG. 8 in that a barrier element 170’ may be shifted around 90 degree.
Accordingly, barrier element 170’ may comprise an inner barrier wall 171°, an
outer barrier wall 172’ and a leakage detection space 173’ oriented and arranged,
respectively, in a left-right-direction, e.g., a horizontal direction in an assembled
state, as viewed in FIG. 9 in valve housing 151°.

Further, fuel inlet valve 150’ may comprise a two-sectional housing
through hole 153°. Housing through hole 153’ may comprise a first housing
through hole portion 153°a and a second housing through hole portion 153°b.
First housing through hole portion 153’a may extend in the horizontal direction
from the outside into valve housing 151’ as viewed in Fig. 9. First housing
through hole portion 153°a may be sealed against the outside with a nut 180
screwed into first housing through hole portion 153’a, nut 180 guiding cables 310
from the inside of valve 150’ to the outside of valve 150°. Alternatively, first
housing through hole portion 153’a may be sealed with any other suitable
element, such as a plug. Second housing through hole portion 153’b may extend
in a direction perpendicular to first housing through hole portion 153’a midway
of first housing through hole portion 153°a. Alternatively, second housing
through hole portion 153’b may extend at the end of first housing through hole
portion 153’a opposing the end of first through hole portion closed with nut 180.
Second housing through hole portion 153’b may have two different diameters in
an up-and-down-direction as viewed in Fig. 9. In particular, housing through hole

153’ may have a smaller diameter in an upper portion than in a lower portion.
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Correspondingly, inner barrier wall 171 located in the lower portion of housing
through hole 153’ may have a larger diameter than outer barrier wall 172’ located
in the upper portion of housing through hole 153°. In this way, a defined leakage
detection space 173’ may be achieved. The construction of housing through hole
153’ having different diameters may also be applied to fuel inlet valve 150
according to the first embodiment.

FIG. 10 shows a flow chart describing a method for detecting a leakage in
fuel supply system 10. In a first step, leakage detection spaces 113, 123, 133,
141, 173 of fuel supply system 10 may be filled with inert gas. Afterwards, the
pressure in each of leakage detection spaces 113, 123, 133, 141, 173 may be
monitored by use of pressure sensor 230.

In case pressure sensor 230 detects a pressure deviation, for example, a
pressure drop, all valves 210 of inert gas supply pipe system 200 may be closed
such that only a first monitoring segment 20A is connected to pressure sensor
230.

Again, the pressure in leakage detection spaces 113, 123, 133, 141, 173 of
the first monitoring segment 20A may be monitored. In case of a pressure
deviation, for example, a pressure drop, pressure sensor 230 may output a
corresponding signal to control unit 30 which indicates a leakage in first
monitoring segment 20A, for example, by alarm or visual indicator. In case of no
pressure deviation, for example, no pressure drop, in leakage detection spaces
113, 123, 133, 141, 173 of the first monitoring segment 20A, a first one of the
valves 210 of the inert gas supply pipe system 200 may be opened such that the
first monitoring segment 20A and a subsequent second monitoring segment 20B
are connected to the pressure sensor 230.

Again, the pressure in the first and the second monitoring segments 20A,
20B may be monitored. In case of a pressure deviation, for example, a pressure
drop, pressure sensor 230 may output a corresponding signal to control unit 30

which indicates a leakage in second monitoring segment 20B, for example, by
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alarm or displaying. In case of no pressure drop in the first and the second
monitoring segments 20A, 20B, the steps of opening a further one of the valves
210 of the inert gas supply pipe system 200 and monitoring the pressure in the
corresponding monitoring segment 20C and the monitoring segments 20A, 20B
already connected to pressure sensor 230 may be repeated until a pressure
deviation and, consequently, the monitoring segment in which fuel is leaking out
of inner pipes 111, 121 or valve 150 is detected.

Alternatively, the method may also be performed by closing one valve
210 after the another and monitoring whether the pressure in the respective
monitoring segments still changes or not. In case the pressure stays constant, the
leakage may occur in the lastly separated monitoring segment 20A, 20B, 20c, ...,
20n.

Industrial Applicability

During operation of the fuel supply system 10, fuel such as gas or liquid
fuel may be supplied by inner pipes 111, 121 of fuel supply pipe system 100 to
each of the fuel inlet valves 150 for being fed to combustion chambers of internal
combustion engine 1. Further, inert gas may be supplied to outer pipes 112, 122
of each fuel pipe section 101 via inert gas supply pipe system 200, in particular,
inert gas supply pipe 220 and connecting parts 240. The inert gas may have a
pressure of about 7 bar, i.e., a higher pressure than the fuel guided in inner pipes
111, 121. As the pressure of the inert gas depends on the pressure of the fuel used
in the fuel supply system, the inert gas may also have a higher or lower pressure
than 7 bar. In general, the pressure of the inert gas may be higher than the
pressure of the fuel.

In case of a leakage in fuel supply pipe system 100, for example in the
continuous inner pipe line defined by the plurality of inner pipes 111, 121, the
high pressure inert gas may flow from outer pipes 112, 122 to inner pipes 111,
121 resulting in a pressure drop in outer pipes 112, 122 and inert gas supply pipe

220. Pressure sensor 230 may sense the pressure drop and may output a
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corresponding signal as pressure behaviour information to control unit 30 which
indicates the pressure deviation, for example, by an alarm signal.

In case of such an alarm signal, the leakage may be localized by
performing the following local leakage detection method. Firstly, in step S500,
all of shut off valves 210 may be closed such that only a first monitoring segment
20A, for example the monitoring segment located next to pressure sensor 230, is
connected to pressure sensor 230. Then, in steps S510 and S520, pressure sensor
230 may monitor the pressure in leakage detection spaces 113, 123, 133, 141, 173
of the first monitoring segment 20A. In case of a leakage, in the first monitoring
segment 20A, the inert gas in leakage detection spaces 113, 123, 133, 141, 173
may flow into inner pipes 111, 121 or valve 150 of the first monitoring segment
20A and pressure sensor 230 may detect a pressure drop in leakage detection
spaces 113, 123, 133, 141, 173 and the leakage may be indicated by control unit
30 (step S610). In case of no leakage in the first monitoring segment 20A, for
example, if the pressure in leakage detection spaces 113, 123, 133, 141, 173 stays
constant at about 7 bar, all valves may be closed (step S530) and, afterwards, the
first shut off valve 210 may be opened such that the first monitoring segment
20A and a second monitoring segment 20B are both connected to pressure sensor
230 (step S540). Again pressure sensor 230 may monitor whether there is a
pressure drop in the first and the second monitoring segments 20A, 20B or not
(steps S540, S550). In case the pressure sensor 230 cannot detect a pressure drop
in the first and second monitoring segments 20A, 20B, a second shut off valve
210 may be opened and pressure sensor 230 may monitor the pressure in the first,
second and third monitoring segment 10A, 10B, 20C (step S560). The steps of
opening one shut off valve 210 after the other and monitoring the pressure (steps
S570 and S580) may be repeated until a pressure drop is detected by pressure
sensor 230 and correspondingly indicated by control unit 30 (step S620).

In some embodiments, the method for detecting a leakage in fuel supply

system 10 of internal combustion engine 1 may comprise the steps:
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- performing a first pressure measurement of a pressure within the pressure
monitoring system 20 having the set of valves 21A, 21B,21C..., 21n opened to
fluidly connect the monitoring segments 20A, 20B, 20C..., 20n to be monitored
with pressure sensor 23,
- detecting a change in pressure caused by a leakage from one of inner pipes 111
or valve 150,
- performing at least one further pressure measurement for a selected set of
fluidly connected monitoring segments 20A, 20B, 20C..., 20n for providing
pressure behaviour information for two sets that differ in size by one monitoring
segment 20A, 20B, 20C..., 20n, and
- identifying the leaking monitoring segment based on the comparison of the
pressure behaviour information of the two sets that differ in size by one
monitoring segment 20A, 20B, 20C..., 20n.

In some embodiments, the pressure measurement of above described
method may further comprise the following steps:
- activating a first valve of the set of valves 21A, 21B, 21C ..., 21n, thereby
providing a first separation of the monitoring segments 20A, 20B, 20C, ..., 20n
into a first pressure monitored subset of the monitoring segments 20A, 20B,
20C..., 20n fluidly connected to pressure sensor 23 and a first remote subset of
the monitoring segments 20A, 20B, ..., 20n fluidly disconnected from pressure
sensor 23;
- monitoring the pressure within the first pressure monitored subset of the
monitoring segments 20A, 20B, 20C..., 20n, thereby, in dependence on detecting
a continued changing of the pressure or a constant pressure, associating the first
pressure monitored subset of the monitoring segments 20A, 20B, 20C, ..., 20n or
the first remote subset of the monitoring segments 20A, 20B, 20C, ..., 20n to
include the leaking monitoring segment.

In some embodiments, the pressure measurement of above described

method may further comprise the following steps:
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- activating a second valve of the set of valves 21A, 21B, 21C, ..., 21n such that
the subset of monitoring segments 20A, 20B, 20C, ..., 20n corresponding to the
leaking monitoring segments is reduced by at least one monitoring segment 20A,
20B, 20C, ..., 20n, thereby providing a second separation of the monitoring
segments 20A, 20B, 20C, ..., 20n into a second pressure monitored subset fluidly
connected to pressure sensor 23 and a second remote subset fluidly disconnected
from the pressure sensor 230;

- monitoring the pressure within the second pressure monitored subset of the
monitoring segments 204, 20B, 20C, ..., 20n; and

- in dependence on the detected pressure behaviour of the first and second
separation, identifying the leaking monitoring segment.

Alternatively, the pressure of the inert gas may be lower than the pressure
of the fuel, preferably between atmospheric pressure and the pressure of the fuel.
In case of a leakage in fuel supply pipe system 100, for example in the continuous
inner pipe line defined by the plurality of inner pipes 111, 121, the high pressure
fuel may flow from inner pipes 112, 122 to outer pipes 111, 121 resulting in a
pressure increase in outer pipes 112, 122 and inert gas supply pipe 220. Pressure
sensor 230 may sense the pressure increase and may output a corresponding
signal as pressure behaviour information to control unit 30 which indicates the
pressure deviation, for example, by an alarm signal according to the above
described method.

Alternatively or additionally, fuel supply system may be provided with a
fuel detection sensor, for example a sensor for detecting gaseous or liquid fuel. In
this case, the sensor detects the leakage of fuel by sensing the fuel itself,
alternatively or additionally to the sensing of a pressure deviation. Further, in
order to accelerate the detection of a leakage, the fuel supply system may be
provided with a fuel suction system, such as a pump or the like. In this case, fuel

may also be sucked out of the leakage detection spaces by use of the fuel suction
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system. Fuel suction system may be arranged anywhere, for example at one end
of inert gas supply pipe system 200, in particular, inert gas supply pipe 220.

In this way, each of monitoring segments 20A, 20B, 20C, ..., 20n can be
easily monitored by use of only one pressure sensor 23. Accordingly, a reliable
and quick method for detecting a leakage in fuel supply system 10 may be
provided.

Further, in case the pressure of the inert gas is lower than the pressure of
the fuel, preferably between atmospheric pressure and the pressure of the fuel, a
leakage in outer pipe 112, 122 may also be sensed by sensor 230, because this
would lead to a pressure drop in outer pipes 112, 122 and, hence, in inert gas
supply pipe 220. Accordingly, it is possible to identify whether the inner pipes
111, 121 or the outer pipes 112, 122 have a leakage.

Further, flushing of the fuel supply system 10 which is a requirement of
classification societies and may be done after each operation in gas mode in case
of dual fuel engine is possible. Flushing of inner pipes 111, 121 may be
performed by opening, preferably automatically opening, a valve (not shown) in a
corresponding connection line (not shown) connecting inert gas supply pipe 220
with inner pipes 111, 121.

Further, due to the construction of each of fuel supply pipe elements 110,
120 comprising at least one bellow element 130, heat expansion of fuel supply
elements due to high temperatures in fuel supply system 10 may be allowed while
at the same time leakage monitoring is allowed. In particular, as bellow element
130 which may act as a compensation element for heat expansions of fuel supply
pipe element 110, 120 may be integrated in fuel supply pipe element 110, 120, it
may be stabilized by right and left parts of fuel supply pipe element 110, 120
adjacent to bellow element 130. Accordingly, sagging of bellow element 130 may
be reduced or even prevented, even if fuel supply pipe element 110, 120 has a
large dimension. Moreover, due to the construction of bellow element 130 which

may have open end faces connecting leakage detection space 133 to leakage
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detection space 113, 123, large fuel supply pipe elements 110, 120 may be
monitored with respect to a leakage.

Further, due to the construction of cylinder head 140, 140’ and fuel inlet
valve 150, fuel supply system 10 may be formed safer and the above described
local leakage detection may also include monitoring fuel inlet valves 150 due to a
damaged valve housing 151 or fuel feeding via cables 310. In particular, if fuel is
leaking out of fuel inlet valve 150 due to a damaged valve housing 151 and,
referring to the embodiment of FIG. 8, due to a damaged inner casing wall 145,
or due to damaged cable bushings in the inner and/or the outer barrier wall 171,
171°, 172, 172’ which feed fuel along cables 310, the leakage may also be
detected, because the high pressure inert gas may also be provided in leakage
detection space 141 and leakage detection space 173. Consequently, a pressure
deviation, for example, a pressure drop, in at least one of leakage detection spaces
141, 173 may be also transmitted to pressure sensor 230 by use of leakage
detection space 141 connected to leakage detection space 113 via casing leakage
detection opening 114 and leakage detection space 173 connected to leakage
detection space 141 via first valve leakage detection opening 152, respectively.
Accordingly, fuel inlet valves 150 may also be monitored with respect to leaking
fuel.

Further, due to a cast-on inlet valve casing 143, 143°, manufacturing of
cylinder head 140, 140’ may be easy and a high precision production of which
when inlet valve casing is made as a separate component to be connected to
cylinder head main body 149 can be avoided. Further, due to the cast-on inlet
valve casing 143, the stability of cylinder head 140, 140' may be enhanced.

In an aspect of the present disclosure, a double-walled fuel supply pipe
element configured to be used in a fuel supply pipe system for selectively
supplying fuel such as gas or liquid fuel, for example, diesel, to an internal
combustion engine, the double-walled fuel supply pipe element may comprise an

inner pipe, an outer pipe, a first end face element connecting the outer pipe and
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the inner pipe at a first end and a second end face element connecting the outer
pipe and the inner pipe at a second end opposite to the first end. The outer pipe,
the inner pipe, the first end face element and the second end face element may
define a leakage detection space there between and the second end face element
may have a pipe element leakage detection opening connecting the leakage
detection space with the outside of the double-walled fuel supply pipe element.

In an embodiment, the first end face and the second end face may be
integrally formed with the outer pipe and/or the inner pipe.

In an embodiment, the first end face element and the second end face
element may be separately formed with the outer pipe and the inner pipe.

In an embodiment, the first end face element and the second end face
element may be formed as flanges mounted to the outer pipe and/or the inner
pipe.

In an embodiment, the inner pipe and the outer pipe may comprise a
cylinder head section for forming a substantially T-shaped double-walled fuel
supply pipe element.

In an embodiment, the double-walled fuel supply pipe element may
further comprise a third end face element at the cylinder head section, the third
end face element having at least one casing leakage detection opening
connecting the leakage detection space to the outside of double-walled fuel
supply pipe element.

In an embodiment, the double-walled fuel supply pipe element may
further comprise at least one fixing hole for fixing a further double-walled fuel
supply pipe element.

In an embodiment, the inner pipe and the outer pipe are casted.

In an embodiment, the double-walled fuel supply pipe element may
further comprise at least one double-walled bellow element arranged between the
first end face element and the a second end face element, the double-walled

bellow element including an inner bellow and an outer bellow, the outer bellow
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and the inner bellow defining a bellow leakage detection space there between,
wherein the leakage detection space is connected with the bellow leakage
detection space.

In an embodiment, the double-walled bellow element may be spaced from
the first end face element and/or the second end face element at a distance of least
about 10 mm, for example at least about 20 mm, 30 mm, 40 mm, 50 mm, 75 mm
or 100 mm.

In an embodiment, the double-walled bellow element may integrally
formed with the inner pipe and/or the outer pipe.

In an embodiment, the double-walled bellow element may be welded or
moulded to the inner pipe and/or the outer pipe.

In an embodiment, the double-walled bellow element may have a first
bellow flange at a first end and a second bellow flange at a second end, the first
and the second bellow flanges being integrally formed, for example welded or
moulded, with the inner pipe and/or the outer pipe.

In an embodiment, the double-walled bellow element may have a first
bellow flange at a first end and a second bellow flange at a second end, the first
bellow flange being mounted to a first mounting flange and the second bellow
flange being mounted to a second mounting flange, the first and the second
mounting flanges being arranged at the inner pipe and the outer pipe.

In an embodiment, the first bellow flange may be mounted to a first
mounting flange and the second bellow flange may be mounted to a second
mounting flange by use of at least one fastening means.

In an aspect of the present disclosure, a fuel inlet valve for an internal
combustion engine may comprise a housing, a housing through hole provided in a
wall of the housing for receiving power supply cables, wherein a barrier element
may be arranged in the housing through hole for sealing the housing through
hole, the barrier element comprising a valve leakage detection space between a

first inner barrier wall and a second outer barrier wall. The fuel inlet valve may
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further comprise a first valve leakage detection opening integrated in the wall of
the housing and fluidly connecting the valve leakage detection space with an
outside of the fuel inlet valve.

In an embodiment, the first valve leakage detection opening may extend
obliquely in the housing.

In an embodiment, the barrier element may be air-tightly arranged in the
housing through hole.

In an embodiment, the housing through hole may comprises at least a first
housing through hole portion and a second housing through hole portion, which
are perpendicularly arranged to each other, the barrier element being arranged in
the second housing through hole portion.

In an embodiment, the second housing through hole portion may comprise
a first diameter portion and a second diameter portion, the first diameter portion
being larger than the second diameter portion.

In an embodiment, the first housing through hole portion may be closed
against the outside of fuel inlet valve by use of a nut being configured to guide at
least one cable there through.

In an aspect of the present disclosure, a cylinder head for an internal
combustion engine may comprise an inlet valve casing configured to house at
least partly a fuel inlet valve and to define a leakage detection space between an
inner surface thereof and a fuel inlet valve as described above. The leakage
detection space of the inlet valve casing may be connected to the leakage
detection space of the barrier element via the first valve leakage detection
opening.

In a further aspect of the present disclosure, a cylinder head for an internal
combustion engine may comprise an inlet valve casing including a outer casing
wall and an inner casing wall, the outer casing wall and the inner casing wall
defining a leakage detection space there between and the inner casing wall having

a second valve leakage detection opening and being configured to house at least
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partly the fuel inlet valve as described above. The leakage detection space of the
inlet valve casing may be connected to the leakage detection space of the barrier
element via the second valve leakage detection opening and the first valve
leakage detection opening.

In an embodiment, the inlet valve casing may have a casing through hole
for guiding at least one cable from the fuel inlet valve to an outside of the
cylinder head.

In an embodiment, a bushing may be arranged in the casing through hole
of the inlet valve casing, the bushing extending from the outside of the cylinder
head at least partly into the housing through hole of the housing of the fuel inlet
valve for protecting the at least one cable.

In an embodiment, the casing through hole of the inlet valve casing may
be arranged opposite the housing through hole in the housing of the fuel inlet

valve when mounted in the cylinder head.

In an embodiment, the bushing may have the same cross section as the
housing through hole.

In an embodiment, the inlet valve casing may be casted on the cylinder
head.

In an aspect of the present disclosure, an internal combustion engine may

comprise a cylinder head as described above.

In an aspect of the present disclosure, a method for detecting a leakage in
a fuel supply system of an internal combustion engine, wherein the fuel supply
system comprises a fuel line system with fuel line sections and a pressure
monitoring system with monitoring segments associated with the fuel line
sections, a set of valves for fluidly separating neighbouring monitoring segments,
and a pressure sensor fluidly connected to one of the monitoring segments, may

comprise the following steps:
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- performing a first pressure measurement of a pressure within the pressure
monitoring system having the set of valves opened to connect fluidly the
monitoring segments to be monitored with the pressure sensor (23);
- detecting a change in pressure caused by a leakage between the fuel line section
and the pressure monitoring system;
- performing at least one further pressure measurement for a selected set of
fluidly connected monitoring segments for providing pressure behaviour
information for two sets of fluidly connected monitoring segments that differ in
size by one monitoring segment; and
- identifying the leaking monitoring segment based on the comparison of the
pressure behaviour information of the two sets of fluidly connected monitoring
segments that differ in size by one monitoring segment.

In an embodiment, the method performing at least one further pressure
measurement may comprise the following steps:
- activating a first valve of the set of valves, thereby providing a first separation
of the monitoring segments into a first pressure monitored subset of the
monitoring segments fluidly connected to the pressure sensor and a first remote
subset of the monitoring segments fluidly disconnected from the pressure sensor;
- monitoring the pressure within the first pressure monitored subset of the
monitoring segments, thereby, in dependence on detecting a continued change in
pressure or a constant pressure, associating the first pressure monitored subset of
the monitoring segments or the first remote subset of the monitoring segments to
be the leaking monitoring segment.

In an embodiment, the method performing at least one further pressure
measurement may further comprise the following steps:
- activating a second valve of the set of valves such that the subset of monitoring
segments including the leaking monitoring segment is reduced by at least one
monitoring segment, thereby providing a second separation of the monitoring

segments into a second pressure monitored subset fluidly connected to the
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pressure sensor and a second remote subset fluidly disconnected from the
pressure sensor;

- monitoring the pressure within the second pressure monitored subset of the
monitoring segments; and

- in dependence on the detected pressure behaviour of the first and second
separation, identifying the leaking monitoring segment.

In an embodiment, the method performing at least one further pressure
measurement may further comprise the step of performing a sequence of pressure
measurements for differing sets of the monitoring segments being fluidly
connected to the pressure sensor, wherein the number of the monitoring segments
fluidly connected to the pressure sensor decreases with each measurement, until
the leaking monitoring segment is identified.

In an embodiment, the method performing at least one further pressure
measurement may further comprise the step of performing a sequence of pressure
measurements for differing sets of the monitoring segments being fluidly
connected to the pressure sensor, wherein the number of the monitoring segments
fluidly connected to the pressure sensor increases with each measurement, until
the leaking monitoring segment is identified.

In an embodiment, the monitoring segments for succeeding pressure
measurements may differ by one monitoring segment.

In an aspect of the present disclosure, a fuel supply system for an internal
combustion engine may comprise a fuel line system with fuel line sections and a
pressure monitoring system with monitoring segments associated to the fuel line
sections, a set of valves for fluidly separating neighbouring monitoring segments,
and a pressure sensor connected fluidly to one of the monitoring segments. The
pressure monitoring system may be configured to connect selectively and fluidly
various sets of monitoring segments to the pressure sensor.

In an embodiment, the fuel line system and the pressure monitoring

system may comprise a fuel supply pipe system of double-walled fuel supply
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pipe sections each having an inner pipe and an outer pipe. The inner pipe may be
configured for guiding fuel therein, and the inter-space between the inner pipe
and the outer pipe may be associated with one of the monitoring segments.

In an embodiment, the monitoring system may further comprise an inert
gas supply pipe system that is fluidly connected to the pressure sensor and the
inter-spaces between the inner pipe and the outer pipe of the double-walled fuel
supply pipe sections and that is configured to be dividable into several sections
via the valves.

In an embodiment, at least one of the double-walled fuel supply sections
may comprise two fuel supply pipe elements having their inter-spaces fluidly
connected for defining a leakage detection space, for example through a pipe
element leakage detection opening at respective end face elements.

In an embodiment, at least one of the double-walled fuel supply pipe
sections may comprise one of a T-shaped pipe element, a linear shaped pipe
element, a linear shaped pipe element with a double-walled bellow element and a
cylinder head including a cast-on casing configured to house at least partly a fuel
inlet valve and to define an inlet valve leakage detection space between its inner
surface and the fuel inlet valve.

In an embodiment, at least one of the double-walled fuel supply sections
may further comprise a fuel inlet valve mounted in a cylinder head. The fuel inlet
valve may include a housing, a housing through hole provided in the housing for
feeding there through an electrical power supply and control connection, a barrier
element arranged in the housing through hole for fluidly blocking the housing
through hole and comprising a feed through leakage detection space, and a fluid
connection of the feed through leakage detection space with the remaining
leakage detection space of the at least one of the double-walled fuel supply
sections.

In an embodiment, the leakage detection spaces of elements of the double-

walled fuel supply pipe sections may be fluidly connected to each other to
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provide a common fluid detection space for detecting a leakage of the respective
monitoring segment and fluidly dividable through the valves from a fluid
detection space of a neighbouring double-walled fuel supply pipe sections.

In an embodiment, the fuel supply system may further comprise a control
system configured to receive pressure behaviour information from the pressure
sensor, to control the valves and to perform the above described method.

In an aspect of the present disclosure, an internal combustion engine may
comprise the above described fuel supply system.

Although the preferred embodiments of this invention have been
described herein, improvements and modifications may be incorporated without

departing from the scope of the following claims.
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Claims

1. A cylinder head (140, 140°) for an internal combustion
engine (1), comprising:

a cylinder head main body (149); and

an inlet valve casing (143, 143°) configured to house at least partly
a fuel inlet valve (150),

wherein the inlet valve casing (143, 143°) is integrally formed
with the cylinder head main body (149), and wherein the inlet valve casing (143,
143°) is casted on the cylinder head main body (149).

2. The cylinder head (140) according to claim 1, wherein the
inlet valve casing (143) is configured to define a leakage detection space (141)

between an inner surface thereof and the fuel inlet valve (150).

3. The cylinder head (140°) according to claim 1, wherein the
inlet valve casing (143”) comprises a housing outer wall (144) and a housing
inner wall (145), the housing outer wall (144) and the housing inner wall (145)
defining a leakage detection space (141°) there between.

4, The cylinder head (140, 140’) according to claim 2 or 3,
wherein the leakage detection space (141, 141°) has a closed end face (147) and
an open end face (148).

5. The cylinder head (140, 140°) according to claim 4,
wherein the inlet valve casing (143, 143°) is configured to be connectable to a
double-walled fuel supply pipe system (100) such that the open end face (148) is
fluidly connected to an inter-space defined by an outer pipe (112) and an inner

pipe (111) of the double-walled fuel supply pipe system (100).
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6. The cylinder head (140, 140°) according to any one of the
preceding claims, wherein the inlet valve casing (143, 143) has a casing through
hole (142, 142, 146) for guiding at least one cable (310) from the fuel inlet valve
(150) to an outside of the cylinder head (140, 140°).

7. The cylinder head (140, 140°) according to claim 6,
wherein a bushing (160) is arranged in the casing through hole (142, 142°, 146),
the bushing (160) extending from the outside of the cylinder head (140, 140°) at
least partly into the fuel inlet valve (150).

8. The cylinder head (140, 140°) according to any one of the
preceding claims, further comprising a fuel inlet valve (150) disposed within the
inlet valve casing (143, 143°).

9. A set of a cylinder head (140, 140’) according to any one
of claims 1 to 7 and a fuel inlet valve (150).
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FIG 7
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FIG 10
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