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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a cylinder head for an
internal combustion engine.

2. Description of Related Art

[0002] A cylinder head is known, in which a water jacket
formed by a pipe member is embedded in order to sup-
press a temperature rise in a combustion chamber pro-
vided in the cylinder head for an internal combustion en-
gine. The pipe member extends along a plurality of com-
bustion chambers arranged in the cylinder head and is
provided with a curved portion that is partially curved in
order to avoid interference with an exhaust port or an
ignition plug (for example, refer to Japanese Unexamined
Patent Application Publication No. 2001-207844 (JP
2001-207844 A)).

SUMMARY OF THE INVENTION

[0003] In the curved portion, there may be a decrease
in flow rate due to an increase in refrigerant pressure
drop. Therefore, there is a possibility that the combustion
chambers cannot be effectively cooled and the temper-
atures of the combustion chambers become high.
[0004] The invention provides a cylinder head for an
internal combustion engine in which a temperature rise
in a combustion chamber is more effectively suppressed.
[0005] An aspect of the invention is defined in claim 1,
and relates to a cylinder head for an internal combustion
engine. The cylinder head includes a cylinder head main
body and pipe members. In the cylinder head main body,
a plurality of combustion chambers is arranged. The pipe
member extends along a direction in which the combus-
tion chambers are arranged, a refrigerant flows through
the pipe member, and the pipe member is embedded in
the cylinder head main body. The pipe member is pro-
vided with a first curved portion that is curved and the
first curved portion is provided with a first throttle region.
A sectional area of the first throttle region is partially re-
duced.
[0006] According to the aspect of the invention, since
the first throttle region is provided in the first curved por-
tion, a decrease in flow rate in the first curved portion is
suppressed and a temperature rise in the first combustion
chamber is suppressed.
[0007] In the cylinder head according to the aspect of
the invention, the combustion chamber may include a
first combustion chamber which is closest to the first
curved portion. The first curved portion may be curved
to be close to the first combustion chamber.
[0008] In the cylinder head according to the aspect of
the invention, a first wall portion of the first curved portion

may be provided with a first thin portion, which faces the
first combustion chamber, and which is thinner than an-
other portion.
[0009] In the cylinder head according to the aspect of
the invention, at least a portion of the first thin portion
may be provided in the first throttle region.
[0010] In the cylinder head according to the aspect of
the invention, the combustion chambers may further in-
clude a second combustion chamber that is adjacent to
the first combustion chamber and that is downstream or
upstream of the first combustion chamber in a flowing
direction of the refrigerant, the pipe member is further
provided with a second curved portion that is closest to
the second combustion chamber, the second curved por-
tion is provided with a second throttle region, and a path
sectional area at the second throttle region is smaller
than a path sectional area at the first throttle region.
[0011] In the cylinder head according to the aspect of
the invention, the combustion chambers may further in-
clude a second combustion chamber that is adjacent to
the first combustion chamber and that is downstream or
upstream of the first combustion chamber in a flowing
direction of the refrigerant, the pipe member is further
provided with a second curved portion that is closest to
the second combustion chambers, a second wall portion
of the second curved portion is provided with a second
thin portion which is thinner than the first thin portion.
[0012] In the cylinder head according to the aspect of
the invention, the first curved portion may be positioned
between two exhaust ports that communicate with the
first combustion chamber, and the second curved portion
may be positioned between two exhaust ports that com-
municate with the second combustion chamber.
[0013] In the cylinder head according to the aspect of
the invention, the first curved portion may be positioned
between two intake ports that communicate with the first
combustion chamber, and the second curved portion
may be positioned between two intake ports that com-
municate with the second combustion chamber.
[0014] In the cylinder head according to the aspect of
the invention, the pipe members may include a first pipe
member and a second pipe member that are disposed
such that an ignition plug is interposed between the first
pipe member and the second pipe member in a top view.
[0015] According to the aspect of the invention, it is
possible to provide a cylinder head for an internal com-
bustion engine in which a temperature rise in a combus-
tion chamber is suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is an explanatory view of a refrigerant flow
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path in an engine system;
FIG. 2 is a sectional view of a cylinder head;
FIG. 3A is a sectional view illustrating the vicinity of a

curved portion;
FIG. 3B is a sectional view illustrating the vicinity of a

curved portion;
FIG. 4A is a sectional view illustrating the vicinity of a

curved portion;
FIG. 4B is a sectional view illustrating the vicinity of a

curved portion;
FIG. 5A is a sectional view illustrating the vicinity of a

curved portion;
FIG. 5B is a sectional view illustrating the vicinity of a

curved portion;
FIG. 6A is a sectional view illustrating the vicinity of a

curved portion; and
FIG. 6B is a sectional view illustrating the vicinity of a

curved portion.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] FIG. 1 is an explanatory view of a refrigerant
flow path in an engine system 1. The engine system 1 is
provided with an engine 50, a water pump 60, a radiator
70, a thermostat 80, and a flow control valve 90. The
engine 50 is provided with a cylinder block 200 and a
cylinder head 100 that is disposed above the cylinder
block 200. In the cylinder block 200, cylinders 220a to
220d arranged in one direction are formed. In the cylinder
head 100, combustion chambers 10a to 10d that respec-
tively correspond to the cylinders 220a to 220d are
formed. In each of the cylinders 220a to 220d, a piston
(not shown) is accommodated such that the piston can
reciprocate. In the cylinder block 200, a water jacket 210
extending around the cylinders 220a to 220d is formed.
In the cylinder head 100, pipe members 110, 120 are
embedded.
[0018] A refrigerant is split according to the opening
degree of the flow control valve 90 after being discharged
from the water pump 60 and a portion of the refrigerant
flows through the pipe members 110, 120 of the cylinder
head 100 and the remainder of the refrigerant flows
through the water jacket 210 of the cylinder block 200.
Refrigerants discharged from the cylinder head 100 and
the cylinder block 200 join each other and return to the
water pump 60 via the thermostat 80 or return to the water
pump 60 via the radiator 70 and the thermostat 80. The
engine 50 is cooled when the refrigerant flows through
the pipe members 110, 120 or the water jacket 210.
[0019] Next, the cylinder head 100 will be described.
FIG. 2 is a sectional view of the cylinder head 100. FIG.
2 illustrates a section that is orthogonal to an axial direc-
tion of each of the cylinders 220a to 220d that define the
combustion chambers 10a to 10d. In other words, FIG.
2 illustrates a section that is orthogonal to a reciprocating
direction of the piston. In FIG. 2, a Y-axis direction is a
direction in which the combustion chambers 10a to 10d
are arranged and an X-axis direction is a direction from

intake ports 20a to 20d to exhaust ports 30a to 30d. The
X-axis direction and the Y-axis direction correspond to a
horizontal direction and a Z-axis direction corresponds
to a vertical direction. The section in FIG. 2 is a section
as seen from a vertically upper side. Accordingly, the
combustion chambers 10a to 10d are positioned closer
to the back side of the paper surface than the section in
FIG. 2.
[0020] The cylinder head 100 includes a cylinder head
main body 101 that is an aluminum alloy casting and the
pipe members 110, 120 that are embedded in the cylinder
head main body 101. The combustion chambers 10a to
10d, the intake ports 20a to 20d, the exhaust ports 30a
to 30d, and an exhaust manifold 31 are formed in the
cylinder head main body 101. Ignition plugs Pa to Pd are
disposed at the respective central positions in the com-
bustion chambers 10a to 10d. The exhaust ports 30a to
30d respectively communicate with the combustion
chambers 10a to 10d. The exhaust manifold 31 commu-
nicates with the exhaust ports 30a to 30d. The number
of each of the exhaust ports 30a to 30d is two and the
exhaust ports 30a to 30d are opened and closed by an
exhaust valve (not shown). The intake ports 20a to 20d
respectively communicate with the combustion cham-
bers 10a to 10d. The number of each of the intake ports
20a to 20d is two and the intake ports 20a to 20d are
opened and closed by an intake valve (not shown).
[0021] Each of the pipe members 110, 120 is a pipe
formed of an aluminum alloy and the pipe members 110,
120 extend along each other in a direction in which the
combustion chambers 10a to 10d are arranged. A flowing
direction in which the refrigerant flows in the pipe member
110 and a flowing direction in which the refrigerant flows
in the pipe member 120 are the same as each other. The
shape of a section of each of the pipe members 110, 120
is an approximately perfect circle-like shape. However,
the invention is not limited to this and the shape of the
section may be an oval shape. The pipe member 110 is
disposed between the ignition plugs Pa to Pd and the
exhaust ports 30a to 30d. The pipe member 120 is dis-
posed between the ignition plugs Pa to Pd and the intake
ports 20a to 20d. The pipe members 110, 120 are posi-
tioned vertically above the combustion chambers 10a to
10d and the combustion chambers 10a to 10d are cooled
by the refrigerants flowing in the pipe members 110, 120.
[0022] Specifically, the pipe member 110 is provided
with an approximately linearly extending main body por-
tion 111, and curved portions 113a to 113d that are par-
tially formed on the main body portion 111. The curved
portion 113a protrudes between the two exhaust ports
30a and is curved to avoid the ignition plug Pa. The same
applies to the curved portions 113b to 113d, the exhaust
ports 30b to 30d, and the ignition plugs Pb to Pd. There-
fore, when the refrigerant flows through the pipe member
110, a temperature rise in the vicinity of the exhaust ports
30a to 30d and the ignition plugs Pa to Pd is further sup-
pressed.
[0023] The pipe member 120 is provided with an ap-
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proximately linearly extending main body portion 121,
and curved portions 123a to 123d that are partially formed
on the main body portion 121. The curved portion 123a
protrudes between the two intake ports 20a and is curved
to avoid the ignition plug Pa. The same applies to the
curved portions 123b to 123d, the intake ports 20b to
20d, and the ignition plugs Pb to Pd. Therefore, when
the refrigerant flows through the pipe member 120, a tem-
perature rise in the vicinity of the intake ports 20a to 20d
and the ignition plugs Pa to Pd is further suppressed.
[0024] The intake ports 20a and the exhaust ports 30a
communicate with the combustion chamber 10a. Simi-
larly, the intake ports 20b to 20d and the exhaust ports
30b to 30d respectively communicate with the combus-
tion chambers 10b to 10d. Therefore, a temperature rise
in the combustion chambers 10a to 10d is also sup-
pressed as with the intake ports 20a to 20d and the ex-
haust ports 30a to 30d. Furthermore, as described above,
the pipe members 110, 120 are disposed such that the
ignition plugs Pa to Pd are interposed between the pipe
members 110, 120. Therefore, a temperature rise in the
vicinity of the ignition plugs Pa to Pd is further sup-
pressed.
[0025] Next, the curved portions 113a to 113d of the
pipe member 110 will be described in detail. FIG. 3A,
FIG. 3B, FIG. 4A, and FIG. 4B are respectively sectional
views illustrating the vicinity of the curved portions 113a
to 113d. FIGS. 3A to 4B illustrate sections orthogonal to
the X-axis direction. The lower side in each of FIGS. 3A
to 4B is a vertically lower side and is a side on which the
cylinder block 200 is disposed. As illustrated in FIGS. 3A
to 4B, the curved portions 113a to 113d are curved to
protrude toward the vertically lower side. As illustrated in
FIG. 2, the curved portions 113a to 113d are also curved
in the horizontal direction. Therefore, the curved portions
113a to 113d are curved in the horizontal direction and
are curved toward the vertically lower side.
[0026] As illustrated in FIG. 3A, the curved portion
113a is curved toward the vertically lower side such that
the curved portion 113a becomes closer to the combus-
tion chamber 10a that is closest to the curved portion
113a among the combustion chambers 10a to 10d. With
the refrigerant flowing through the curved portion 113a
that is curved to become close to the combustion cham-
ber 10a as described above, it is possible to suppress a
temperature rise in the combustion chamber 10a.
[0027] In the curved portion 113a, a throttle region
115a having a smaller path sectional area than that of
another portion is formed over a predetermined area. The
throttle region 115a is provided in the curved portion
113a. Specifically, in the throttle region 115a, the path
sectional area gradually decreases from an upstream
side, the path sectional area becomes approximately
constant after the decrease, and the path sectional area
gradually increases to reach the original path sectional
area at a downstream side. The decrease and the in-
crease in path sectional area are realized by a decrease
and an increase in inner diameter. The shape of the sec-

tion at the throttle region 115a is maintained at the ap-
proximately perfect circle-like shape. However, the in-
vention is not limited to this and the shape of the section
at the throttle region 115a may be maintained at an ap-
proximately circular shape including an oval shape or a
perfect circle-like shape. Accordingly, the resistance to
the refrigerant is suppressed. The shape of the section
at the curved portion 113a other than the throttle region
115a or the main body portion 111 is also maintained at
an approximately circular shape including an oval shape
or a perfect circle-like shape. The throttle region 115a
may have a shape such that the path sectional area of
the throttle region 115a is minimized at an intermediate
position between the upstream side and the downstream
side, the path sectional area gradually decreases from
the upstream side toward the intermediate position, and
the path sectional area gradually increases from the in-
termediate position to the downstream side.
[0028] Since the path sectional area is partially re-
duced, the flow rate of a fluid increases at a portion with
a reduced path sectional area in comparison with a case
where the path sectional area is constant at all times.
Therefore, a decrease in flow rate of the refrigerant flow-
ing through the curved portion 113a provided with the
throttle region 115a is suppressed in comparison with a
case where the throttle region 115a is not provided.
Therefore, a temperature rise in the combustion chamber
10a is more effectively suppressed. In FIG. 3A, a diam-
eter D1a at the throttle region 115a is illustrated.
[0029] A wall portion of the curved portion 113a is pro-
vided with a thick portion 116a and a thin portion 117a
that is formed to be thinner than the thick portion 116a.
The thin portion 117a is formed at a position facing the
combustion chamber 10a. Therefore, transmission of
heat from the combustion chamber 10a to the refrigerant
is promoted via the thin portion 117a and a temperature
rise in the combustion chamber 10a is more effectively
suppressed with the refrigerant flowing along the thin por-
tion 117a.
[0030] At least a portion of the thin portion 117a is
formed in the throttle region 115a. Therefore, since the
refrigerant of which a decrease in flow rate is suppressed
flows along the thin portion 117a, it is possible to more
effectively suppress a temperature rise in the combustion
chamber 10a.
[0031] Similarly, as illustrated in FIGS. 3B, 4A, and 4B,
the curved portions 113b to 113d are respectively pro-
vided with throttle regions 115b to 115d, thick portions
116b to 116d, and thin portions 117b to 117d and a tem-
perature rise in the combustion chambers 10b to 10d is
more effectively suppressed. The throttle regions 115a
to 115d are respectively formed in the curved portions
113a to 113d and a decrease in flow rate of the refrigerant
is suppressed. Accordingly, a decrease in flow rate of
the refrigerant in the entire pipe member 110 is also sup-
pressed and a temperature rise in the entire combustion
chambers 10a to 10d is more effectively suppressed.
[0032] The respective diameters D1a to D1d of the
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throttle regions 115a to 115d descend in this order: the
diameter D1a, the diameter D1b, the diameter D1c, and
the diameter D1d. Therefore, the flow rates of the refrig-
erants flowing in the throttle regions 115a to 115d ascend
in this order: the throttle region 115a, the throttle region
115b, the throttle region 115c, and the throttle region
115d. As described above, the flow rate of the refrigerant
flowing on the downstream side in the curved portion is
higher than that of the refrigerant flowing on the upstream
side in the curved portion.
[0033] Since the refrigerant receives heat from each
combustion chamber when flowing from the upstream
side to the downstream side, the temperature of the re-
frigerant increases toward the downstream side. There-
fore, in a case where the flow rates of refrigerants re-
spectively flowing in the curved portions 113a to 113d
are the same as each other, the cooling efficiency of the
refrigerant decreases toward the downstream side and
the temperature ascends in this order: the combustion
chamber 10a, the combustion chamber 10b, the com-
bustion chamber 10c, and the combustion chamber 10d.
Therefore, there is a possibility that the temperature in
the combustion chambers 10a to 10d varies. In this em-
bodiment, the variation in temperature in the combustion
chambers 10a to 10d is suppressed since the flow rates
of the refrigerants flowing in the throttle regions 115a to
115d ascend in this order: the throttle region 115a, the
throttle region 115b, the throttle region 115c, and the
throttle region 115d.
[0034] The respective thicknesses T1a to T1d of the
thin portions 117a to 117d descend in this order: the thick-
ness T1a, the thickness T1b, the thickness Tic, and the
thickness T1d. The variation in temperature in the com-
bustion chambers 10a to 10d is also suppressed due to
the above-described point.
[0035] As described above, since the variation in tem-
perature in the combustion chambers 10a to 10d is sup-
pressed, it is possible to effectively suppress a possibility
of knocking or the like in a combustion chamber with a
relatively high temperature.
[0036] Although the thin portions 117a to 117d are thin,
a decrease in strength of the pipe member 110 is sup-
pressed since the thick portions 116a to 116d are thick.
[0037] Next, the curved portions 123a to 123d of the
pipe member 120 will be described. Since the curved
portions 123a to 123d have similar configurations as
those of the curved portions 113a to 113d, the description
will be simplified. FIG. 5A, FIG. 5B, FIG. 6A, and FIG. 6B
are respectively sectional views illustrating the vicinity of
the curved portions 123a to 123d. FIGS. 5A to 6B illus-
trate sections orthogonal to the X-axis direction. The low-
er side in each of FIGS. 5A to 6B is the vertically lower
side and is the side on which the cylinder block 200 is
disposed. As illustrated in FIGS. 5A to 6B, and FIG. 2,
the curved portions 123a to 123d are curved in the hor-
izontal direction and are curved toward the vertically low-
er side.
[0038] As illustrated in FIG. 5A, since the curved por-

tion 123a is curved toward the vertically lower side such
that the curved portion 123a becomes closer to the com-
bustion chamber 10a that is closest to the curved portion
123a among the combustion chambers 10a to 10d, a
temperature rise in the combustion chamber 10a is more
effectively suppressed with the refrigerant flowing
through the curved portion 123a. In addition, in the curved
portion 123a, a throttle region 125a having a smaller path
sectional area than that of another portion is formed over
a predetermined area. Accordingly, a decrease in flow
rate of the refrigerant is suppressed, and thus a temper-
ature rise in the combustion chamber 10a is more effec-
tively suppressed. In FIG. 5A, a diameter D2a at the throt-
tle region 125a is illustrated.
[0039] A wall portion of the curved portion 123a is pro-
vided with a thick portion 126a and a thin portion 127a
that is formed to be thinner than the thick portion 126a
and the thin portion 127a faces the combustion chamber
10a. Therefore, a temperature rise in the combustion
chamber 10a is more effectively suppressed with the re-
frigerant flowing along the thin portion 127a. At least a
portion of the thin portion 127a is formed in the throttle
region 125a. Therefore, since the refrigerant of which a
decrease in flow rate is suppressed flows along the thin
portion 127a, a temperature rise in the combustion cham-
ber 10a is more effectively suppressed.
[0040] Similarly, as illustrated in FIGS. 5B, 6A, and 6B,
the curved portions 123b to 123d are respectively pro-
vided with throttle regions 125b to 125d, thick portions
126b to 126d, and thin portions 127b to 127d and a tem-
perature rise in the combustion chambers 10b to 10d is
more effectively suppressed. The throttle regions 125a
to 125d are respectively formed in the curved portions
123a to 123d and a decrease in flow rate of the refrigerant
is suppressed. Accordingly, a decrease in flow rate of
the refrigerant in the entire pipe member 120 is sup-
pressed and a temperature rise in the combustion cham-
bers 10a to 10d is more effectively suppressed. As illus-
trated in FIG. 2, the curved portions 123a to 123d are
also curved in the horizontal direction. Therefore, the
curved portions 123a to 123d are curved in the horizontal
direction and are curved toward the vertically lower side.
[0041] As with the pipe member 110, the pipe member
120 is formed such that the respective diameters D2a to
D2d of the throttle regions 125a to 125d descend in this
order: the diameter D2a, the diameter D2b, the diameter
D2c, and the diameter D2d. Therefore, the flow rates of
the refrigerants flowing in the throttle regions 125a to
125d ascend in this order: the throttle region 125a, the
throttle region 125b, the throttle region 125c, and the
throttle region 125d. The thicknesses T2a to T2d of the
thin portions 127a to 127d descend in this order: the thick-
ness T2a, the thickness T2b, the thickness T2c, and the
thickness T2d. Accordingly, the variation in temperature
in the combustion chambers 10a to 10d is suppressed.
Although the thin portions 127a to 127d are thin, a de-
crease in strength of the pipe member 120 is suppressed
since the thick portions 126a to 126d are thick.
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[0042] Next, a manufacturing process of the cylinder
head 100 will be described. First, a core for forming the
intake ports 20a to 20d, the exhaust ports 30a to 30d,
and the exhaust manifold 31 and the pipe members 110,
120 are prepared. Next, the core and the pipe members
110, 120 are set in a cavity in a casting mold. Next, with
a refrigerant such as air or water flowing into the pipe
members 110, 120, the cavity is filled with molten metal
at a pressure such that the molten metal does not flow
into the pipe members 110, 120 and the core does not
collapse. Thereafter, the molten metal is cooled and the
molten metal is bonded to the pipe members 110, 120,
and thus the cylinder head 100 is cast. After the cylinder
head 100 is cast, the core is destroyed, discharged, and
removed such that the cylinder head 100 in which the
intake port 20a or the like is formed is manufactured.
[0043] As described above, the thin portion 117a is pro-
vided in the throttle region 115a and a decrease in flow
rate of the refrigerant flowing along the thin portion 117a
is suppressed even during the casting. Therefore, it is
possible to efficiently cool the thin portion 117a and to
suppress erosion of the thin portion 117a that occurs due
to high-temperature molten metal. Similarly, it is possible
to suppress erosion of the thin portions 117b to 117d.
[0044] The same applies to the pipe member 120. That
is, the thin portion 127a is provided in the throttle region
125a and a decrease in flow rate of the refrigerant flowing
along the thin portion 127a is suppressed even during
the casting. Therefore, it is possible to efficiently cool the
thin portion 127a and to suppress erosion of the thin por-
tion 127a that occurs due to high-temperature molten
metal. Similarly, it is possible to suppress erosion of the
thin portions 127b to 127d.
[0045] For example, it is also conceivable to form a
water jacket using a core. However, in a case of a com-
plicated shape in which a plurality of curved portions is
present as with the embodiment, there is a possibility that
preparation is difficult. When a metal pipe member of
which the shape can be easily processed in advance is
used as in the embodiment, the degree of freedom in
shape of the refrigerant flow path in the cylinder head
100 is secured.
[0046] Although the embodiment of the present inven-
tion has been described in detail above, the present in-
vention is not limited to the specific embodiment de-
scribed above, and various modifications and changes
are possible within the scope of the gist of the present
invention described in claims.
[0047] In the embodiment, a cylinder head for an inline
four-cylinder engine has been described as an example.
However, the invention is not limited to this. Any cylinder
head with two or more linearly arranged combustion
chambers may be used. A cylinder head for a diesel en-
gine that does not include an ignition plug may also be
used.
[0048] A configuration in which one of the pipe mem-
bers 110, 120 is provided may also be adopted.
[0049] Any configuration may be adopted as long as

at least one of the curved portions 113a to 113d is pro-
vided. The curved portion 113a is positioned at a position
between the two exhaust ports 30a but a curved portion
may be provided at a position other than the position
between the two exhaust ports 30a. The same applies
to the curved portions 123a to 123d.
[0050] The diameters D1a to D1d may be the same as
each other. The diameters of a plurality of adjacent
curved portions among the diameters D1a to D1d may
be the same as each other and the diameter of a curved
portion upstream of the adjacent curved portions may be
greater than the diameters of the adjacent curved por-
tions. Similarly, the diameters of the adjacent curved por-
tions among the diameters D1a to D1d may be the same
as each other and the diameter of a curved portion down-
stream of the adjacent curved portions may be smaller
than the diameters of the adjacent curved portions. The
thicknesses T1a to T1d may be the same as each other.
The thicknesses of thin portions of the adjacent curved
portions among the thicknesses T1a to T1d may be the
same as each other and a thin portion of a curved portion
upstream of the adjacent curved portions may be thicker
than the adjacent curved portions. The thicknesses of
thin portions of the adjacent curved portions among the
thicknesses T1a to T1d may be the same as each other
and a thin portion of a curved portion downstream of the
adjacent curved portions may be thinner than the adja-
cent curved portions. The same applies to the diameters
D2a to D2d and the thicknesses T2a to T2d.
[0051] The thin portions 117a to 117d may not be pro-
vided and the thicknesses of the wall portions of the
curved portions 113a to 113d may be constant at all
times. The thin portions 117b to 117d may be provided
without the thin portion 117a. The thin portions 117c,
117d may be provided without the thin portions 117a,
117b. The thin portion 117d may be provided without the
thin portions 117a to 117c. The same applies to the thin
portions 127a to 127d.
[0052] At least one of the pipe members 110, 120 may
be made of copper. For example, in a case where the
pipe member 110 is made of copper and the cylinder
head main body 101 is made of an aluminum alloy, since
the melting point of copper is higher than the melting
point of an aluminum alloy, it is possible to further prevent
erosion of the thin portion 117a or the like

Claims

1. A cylinder head (100) for an internal combustion en-
gine, the cylinder head comprising:

a cylinder head main body (101) in which a plu-
rality of combustion chambers (10a to 10d) is
arranged; and
a pipe member (110, 120) that extends along a
direction in which the combustion chambers
(10a to lOd) are arranged, through which a re-
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frigerant flows, the pipe member being embed-
ded in the cylinder head main body (101), where-
in:

the pipe member (110, 120) is provided with
a first curved portion (113a to 113d and
123a to 123d) that is curved;
characterized in that the first curved por-
tion (113a to 113d and 123a to 123d) is pro-
vided with a first throttle region (115a to
115d and 125a to 125d), a sectional area
of the first throttle region being partially re-
duced with respect to an upstream side and
a downstream side of the first throttle region.

2. The cylinder head (100) according to claim 1, where-
in the combustion chambers (10a to 10d) include a
first combustion chamber which is closest to the first
curved portion (113a to 113d and 123a to 123d) and
the first curved portion (113a to 113d and 123a to
123d) is curved to be close to the first combustion
chamber.

3. The cylinder head (100) according to claim 2, where-
in a first wall portion of the first curved portion (113a
to 113d and 123a to 123d) is provided with a first
thin portion (117a to 117d and 127a to 127d), which
faces the first combustion chamber and which is thin-
ner than another portion.

4. The cylinder head (100) according to claim 3, where-
in at least a portion of the first thin portion (117a to
117d and 127a to 127d) is provided in the first throttle
region (115a to 115d and 125a to 125d).

5. The cylinder head (100) according to claim 2, where-
in:

the combustion chambers (10a to 10d) further
include a second combustion chamber that is
adjacent to the first combustion chamber and
that is downstream or upstream of the first com-
bustion chamber in a flowing direction of the re-
frigerant;
the pipe member (110, 120) is further provided
with a second curved portion (113a to 113d and
123a to 123d) that is closest to the second com-
bustion chamber;
the second curved portion (113a to 113d and
123a to 123d) is provided with a second throttle
region (115a to 115d and 125a to 125d); and
a path sectional area at the second throttle re-
gion is smaller than a path sectional area at the
first throttle region.

6. The cylinder head (100) according to claim 3, where-
in:

the combustion chambers (10a to 10d) further
include a second combustion chamber that is
adjacent to the first combustion chamber and
that is downstream or upstream of the first com-
bustion chamber in a flowing direction of the re-
frigerant;
the pipe member (110, 120) is further provided
with a second curved portion (113a to 113d and
123a to 123d) that is closest to the second com-
bustion chambers;
a second wall portion of the second curved por-
tion is provided with a second thin portion which
is thinner than the first thin portion.

7. The cylinder head (100) according to any one of
claims 2 to 4, wherein the first curved portion (113a
to 113d) is positioned between two exhaust ports
that communicate with the first combustion chamber,
and the second curved portion (113a to 113d) is po-
sitioned between two exhaust ports that communi-
cate with the second combustion chamber.

8. The cylinder head (100) according to any one of
claims 2 to 4, wherein the first curved portion (123a
to 123d) is positioned between two intake ports that
communicate with the first combustion chamber, and
the second curved portion (123a to 123d) is posi-
tioned between two intake ports that communicate
with the second combustion chamber.

9. The cylinder head (100) according to any one of
claims 1 to 8, wherein the pipe members (110, 120)
include a first pipe member and a second pipe mem-
ber that are disposed such that an ignition plug is
interposed between the first pipe member and the
second pipe member in a top view.

Patentansprüche

1. Zylinderkopf (100) für einen Verbrennungsmotor,
wobei der Zylinderkopf umfasst:

einen Zylinderkopf-Hauptkörper (101), in wel-
chem mehrere Verbrennungskammern (10a bis
10d) angeordnet sind, und
ein Rohrelement (110, 120), das sich entlang
einer Richtung erstreckt, in welcher die Verbren-
nungskammern (10a bis 10d) angeordnet sind,
und durch welches ein Kühlmittel fließt, wobei
das Rohrelement in den Zylinderkopf-Hauptkör-
per (101) eingebettet ist, wobei:

das Rohrelement (110, 120) mit einem ers-
ten gekrümmten Abschnitt (113a bis 113d
und 123a bis 123d) versehen ist, der ge-
krümmt ist,
dadurch gekennzeichnet, dass der erste
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gekrümmte Abschnitt (113a bis 113d und
123a bis 123d) mit einem ersten Drossel-
bereich (115a bis 115d und 125a bis 125d)
versehen ist, wobei eine Querschnittsfläche
des ersten Drosselbereichs in Bezug auf ei-
ne stromaufwärtige Seite und eine strom-
abwärtige Seite des ersten Drosselbereichs
zum Teil verringert ist.

2. Zylinderkopf (100) nach Anspruch 1, wobei die Ver-
brennungskammern (10a bis 10d) eine erste Ver-
brennungskammer beinhalten, die dem ersten ge-
krümmten Abschnitt (113a bis 113d und 123a bis
123d) am nächsten liegt, und der erste gekrümmte
Abschnitt (113a bis 113d und 123a bis 123d) so ge-
krümmt ist, dass er nahe an der ersten Verbren-
nungskammer liegt.

3. Zylinderkopf (100) nach Anspruch 2, wobei ein erster
Wandabschnitt des ersten gekrümmten Abschnitts
(113a bis 113d und 123a bis 123d) mit einem ersten
dünnen Abschnitt (117a bis 117d und 127a bis 127d)
versehen ist, der der ersten Verbrennungskammer
zugewandt ist und der dünner als ein weiterer Ab-
schnitt ist.

4. Zylinderkopf (100) nach Anspruch 3, wobei wenigs-
tens ein Abschnitt des ersten dünnen Abschnitts
(117a bis 117d und 127a bis 127d) in dem ersten
Drosselbereich (115a bis 115d und 125a bis 125d)
vorgesehen ist.

5. Zylinderkopf (100) nach Anspruch 2, wobei:

die Verbrennungskammern (10a bis 10d) ferner
eine zweite Verbrennungskammer beinhalten,
die zu der ersten Verbrennungskammer be-
nachbart ist und die sich in einer Strömungsrich-
tung des Kühlmittels stromabwärts oder strom-
aufwärts der ersten Verbrennungskammer be-
findet,
das Rohrelement (110, 120) ferner mit einem
zweiten gekrümmten Abschnitt (113a bis 113d
und 123a bis 123d) versehen ist, der der zweiten
Verbrennungskammer am nächsten liegt,
wobei der zweite gekrümmte Abschnitt (113a
bis 113d und 123a bis 123d) mit einem zweiten
Drosselbereich (115a bis 115d und 125a bis
125d) versehen ist, und
eine Pfadquerschnittsfläche an dem zweiten
Drosselbereich kleiner ist als eine Pfadquer-
schnittsfläche an dem ersten Drosselbereich.

6. Zylinderkopf (100) nach Anspruch 3, wobei:

die Verbrennungskammern (10a bis 10d) ferner
eine zweite Verbrennungskammer beinhalten,
die zu der ersten Verbrennungskammer be-

nachbart ist und die sich in einer Strömungsrich-
tung des Kühlmittels stromabwärts oder strom-
aufwärts der ersten Verbrennungskammer be-
findet,
das Rohrelement (110, 120) ferner mit einem
zweiten gekrümmten Abschnitt (113a bis 113d
und 123a bis 123d) versehen ist, der der zweiten
Verbrennungskammer am nächsten liegt,
ein zweiter Wandabschnitt des zweiten ge-
krümmten Abschnitts mit einem zweiten dünnen
Abschnitt versehen ist, der dünner als der erste
dünne Abschnitt ist.

7. Zylinderkopf (100) nach einem der Ansprüche 2 bis
4, wobei der erste gekrümmte Abschnitt (113a bis
113d) zwischen zwei Abgasanschlüssen positioniert
ist, die mit der ersten Verbrennungskammer in Ver-
bindung stehen, und der zweite gekrümmte Ab-
schnitt (113a bis 113d) zwischen zwei Abgasan-
schlüssen positioniert ist, die mit der zweiten Ver-
brennungskammer in Verbindung stehen.

8. Zylinderkopf (100) nach einem der Ansprüche 2 bis
4, wobei der erste gekrümmte Abschnitt (123a bis
123d) zwischen zwei Einlassanschlüssen positio-
niert ist, die mit der ersten Verbrennungskammer in
Verbindung stehen, und der zweite gekrümmte Ab-
schnitt (123a bis 123d) zwischen zwei Einlassan-
schlüssen positioniert ist, die mit der zweiten Ver-
brennungskammer in Verbindung stehen.

9. Zylinderkopf (100) nach einem der Ansprüche 1 bis
8, wobei die Rohrelemente (110, 120) ein erstes
Rohrelement und ein zweites Rohrelement beinhal-
ten, die so angeordnet sind, dass eine Zündkerze in
einer Draufsicht zwischen dem ersten Rohrelement
und dem zweiten Rohrelement angeordnet ist.

Revendications

1. Culasse (100) pour un moteur à combustion interne,
la culasse comprenant :

un corps principal de culasse (101) dans lequel
est disposée une pluralité de chambres de com-
bustion (10a à 10d) ; et
un élément de conduit (110, 120) qui s’étend le
long d’une direction dans laquelle les chambres
de combustion (10a à 10d) sont disposées, à
travers lequel s’écoule un réfrigérant, l’élément
de conduit étant noyé dans le corps principal de
culasse (101), dans laquelle :

l’élément de conduit (110, 120) est pourvu
d’une première partie courbe (113a à 113d
et 123a à 123d) qui est courbée ;
caractérisée en ce que la première partie
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courbe (113a à 113d et 123a à 123d) est
pourvue d’une première zone d’étrangle-
ment (115a à 115d et 125a à 125d), une
section de la première zone d’étranglement
étant partiellement réduite par rapport à un
côté amont et un côté aval de la première
zone d’étranglement.

2. Culasse (100) selon la revendication 1, dans laquelle
les chambres de combustion (10a à 10d) compren-
nent une première chambre de combustion qui est
la plus proche de la première partie courbe (113a à
113d et 123a à 123d) et la première partie courbe
(113a à 113d et 123a à 123d) est courbée pour être
proche de la première chambre de combustion.

3. Culasse (100) selon la revendication 2, dans laquelle
une première partie de paroi de la première partie
courbe (113a à 113d et 123a à 123d) est pourvue
d’une première partie mince (117a à 117d et 127a
à 127d), qui fait face à la première chambre de com-
bustion et qui est plus mince qu’une autre partie.

4. Culasse (100) selon la revendication 3, dans laquelle
au moins une partie de la première partie mince
(117a à 117d et 127a à 127d) est prévue dans la
première zone d’étranglement (115a à 115d et 125a
à 125d).

5. Culasse (100) selon la revendication 2, dans
laquelle :

les chambres de combustion (10a à 10d) com-
prennent en outre une deuxième chambre de
combustion qui est adjacente à la première
chambre de combustion et qui est en aval ou en
amont de la première chambre de combustion
dans une direction d’écoulement du réfrigérant ;
l’élément de conduit (110, 120) est en outre
pourvu d’une deuxième partie courbe (113a à
113d et 123a à 123d) qui est la plus proche de
la deuxième chambre de combustion ;
la deuxième partie courbe (113a à 113d et 123a
à 123d) est pourvue d’une deuxième zone
d’étranglement (115a à 115d et 125a à 125d) ; et
une section de passage au niveau de la deuxiè-
me zone d’étranglement est plus petite qu’une
section de passage au niveau de la première
zone d’étranglement.

6. Culasse (100) selon la revendication 3, dans
laquelle :

les chambres de combustion (10a à 10d) com-
prennent en outre une deuxième chambre de
combustion qui est adjacente à la première
chambre de combustion et qui est en aval ou en
amont de la première chambre de combustion

dans une direction d’écoulement du réfrigérant ;
l’élément de conduit (110, 120) est en outre
pourvu d’une deuxième partie courbe (113a à
113d et 123a à 123d) qui est la plus proche des
deuxièmes chambres de combustion ;
une deuxième partie de paroi de la deuxième
partie courbe est pourvue d’une deuxième partie
mince qui est plus mince que la première partie
mince.

7. Culasse (100) selon l’une quelconque des revendi-
cations 2 à 4, dans laquelle la première partie courbe
(113a à 113d) est positionnée entre deux orifices
d’échappement qui communiquent avec la première
chambre de combustion, et la deuxième partie cour-
be (113a à 113d) est positionnée entre deux orifices
d’échappement qui communiquent avec la deuxiè-
me chambre de combustion.

8. Culasse (100) selon l’une quelconque des revendi-
cations 2 à 4, dans laquelle la première partie courbe
(123a à 123d) est positionnée entre deux orifices
d’admission qui communiquent avec la première
chambre de combustion, et la deuxième partie cour-
be (123a à 123d) est positionnée entre deux orifices
d’admission qui communiquent avec la deuxième
chambre de combustion.

9. Culasse (100) selon l’une quelconque des revendi-
cations 1 à 8, dans laquelle les éléments de conduit
(110, 120) comprennent un premier élément de con-
duit et un deuxième élément de conduit qui sont dis-
posés de telle sorte qu’une bougie d’allumage est
interposée entre le premier élément de conduit et le
deuxième élément de conduit dans une vue de des-
sus.
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