(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

12 June 2014 (12.06.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/087239 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

International Patent Classification:
FOIM 11/02 (2006.01) FO2F 1/24(2006.01)
FOIM 5/00 (2006.01)

International Application Number:
PCT/IB2013/003019

International Filing Date:
3 December 2013 (03.12.2013)

Filing Language: English
Publication Language: English
Priority Data:

2012-267812 7 December 2012 (07.12.2012) JP
Applicant (for all designated States except US):

TOYOTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).

Inventors; and

Applicants (for US only): HORIE, Nobuhiko [JP/JP]; c/o
TOYOTA JIDOSHA KABUSHIKI KAISHA, of 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).
ARAKI, Yukari [JP/JP]; c/o TOYOTA JIDOSHA KA-
BUSHIKI KAISHA, of 1, Toyota-cho, Toyota-shi, Aichi-
ken, 471-8571 (JP). SHITARA, Tatsuo [JP/JP]; c/o
TOYOTA JIDOSHA KABUSHIKI KAISHA, of 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

wo 2014/087239 A1 [N NPF OO0 0 O

(54) Title: CYLINDER HEAD

X X1

(57) Abstract: A cylinder head includes a plurality ot exhaust ports provided corresponding to a plurality of cylinders, and con -
figured to converge outlets of the exhaust ports inside the cylinder head, at least one of the exhaust ports not being provided with a
water jacket there above, and a pair of oil passages arranged so as to sandwich the at least one of the exhaust ports above which the
water jacket is not provided. An inclined surface provided on an upper surface of the cylinder head and positioned between the pair
of oil passages, the inclined surface being inclined from one oil passage, of the pair of oil passages, toward the other oil passage.



10

15

20

25

WO 2014/087239 PCT/IB2013/003019

1
CYLINDER HEAD

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a cylinder head, and more particularly, to a

cylinder head configured such that outlets of exhaust ports corresponding to a plurality of

cylinders converge inside the cylinder head.

2. Description of Related Art

[0002] A cylindér head configured such that outlets of exhaust ports
corresponding to a plurality of cylinders converge inside the cylinder head is known (see
Japanese Patent Application Publication No. 2011-202578 (JP 2011-202578 A), for
example). |

[0003] JP 2011-202578 A describes a water jacket structure of a cylinder head
provided with a plurality of cylinders, exhaust ports corresponding to the plurality of
cylinders, and a water jacket provided near the exhaust ports.

[0004] In this cylinder head, the surface area of the exhaust ports is increased by
having the exhaust ports converge inside the cylinder head. As a result, heat exchange is
promoted between exhaust gas that flows through the exhaust ports inside the cylinder
head, and coolant that flows through the water jacket, which reduces the temperature of the
exhaust gas (i.e., cools the exhaust gas). _

~ [0005] Also, reducing the temperature of the exhaust gas in the exhaust ports
reduces the heat load on a catalyst provided downstream of the exhaust ports, in an
operating state in which the heat qﬁantity of the exhaust gas increases, such as when the
engine is under‘ a high load or operating at a high speed.

[0006]  With the cylinder head described in JP 2011-202578 A, having the exhaust
ports converge inside the cylinder head results in the length of exhaust passages of the

exhaust ports that extend from the cylinders positioned on the outside in a direction in



10

15

20

25

WO 2014/087239 PCT/IB2013/003019

2
which the cylinders are arranged (hereinafter, simply referred to as “cylinder arrangement
direction”), becoming longer than the length of the exhaust passages of the exhaust ports
that extend from the cylinders positioned on the inside in the cylinder arrangement
direction. Therefore, the surface area of the exhaust ports with the longer exhaust
passages that are positioned on the outside is larger than the surface area of the exhaust
ports with the shorter exhaust passages that are positioned on the inside.

[0007] As a result, the temperature of the exhaust gas that flows .through the
exhaust ports with the longer exhaust passages that are positioned on the ‘outside will be
lower than the temperature of the exhaust gas that flows through the exhaust ports with the
shorter exhaust passages that are positioned on the inside. Accordingly, a difference in
the temperatures of the exhaust gas in the exhaust ports among cylinders increases. One
conceivable way to eliminate this temperature difference is to reduce (i.e., not provide) a
water jacket that is normally provided near the exhaust ports with the longer exhaust
passages. |

[6008] However, with this method, it is possible that the cooling effect on the
engine oil that runs down inside the cylinder head may decrease by an amount :
corresponding to the reduction in the water jacket. That is, it may be difficult to reduce

the temperature of the engine oil.

SUMMARY OF THE INVENTION
[0009]  The invention thus provides a cylinder head in which outlets of exhaust
ports converge, that enables the temperature of engine oil to be reduced.

. [0010] A first aspect of the invention relates to a cylinder head that includes'a
plurality of exhaust ports provided corresponding to a plurality of cylinders, and -
configured to converge outlets of the exhaust ports inside the cylinder head, at least one of
the exhaust ports not being provided with a water jacket there above, and a pair of oil
passages arranged so as to sandwich the at least one of the exhaust ports above which the
water jacket is not provided. An inclined surface provided on an upper surface of the

cylinder head and positioned between the pair of oil passages, the inclined surface being
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inclined from one oil passage, of the pair of oil passages, toward the other oil passage.

[0011]  According to this structure, the upper surface of the cylinder head is
positioned between the pair of oil passages. The upper surface is inclined from one oil
passage, of the pair of oil passages, toward the other oil passage. Therefore, oil that has
dripped down onto the upper surface (i.e., the inclined surface) of the cylinder head will
run down from the one oil passage toward the other oil passage along this inclined surface.
Consequently, the period of time (time) during which the engine oil contacts the upper
surféce (i.e., the inclined surface) of the cylinder head is able to be longer than it is when
the upper surface of the cylinder head is not inclined. As a result, the temperature of the
engine oil is able to be reduced by an amount corresponding to the increase in the period of
time (time) during which the engine oil contacts the upper surface (i.e., the inclined
surface) of the cylinder head. |

[0012] - In the cylinder head described above, one oil passage, of the pair of oil
passages, may be positioned ’on an inside, in a cylinder arrangement direction, of the
cylinder head, and the other oil passage, of the pair of oil passages, may be positioned on
an outside in the cylirider arrangement direction. Also, the inclined surface of the
cylinder head may be positioned between the pair of oil passages, and be inclined such that
oil flows from the oil passage positioned on the inside toward the oil passage positioned on
the outside.

- [0013] In the cylinder head described above, one oil passage, of the pair of oil
passages, is positioned on an inside, in a cylinder arrangement direction, of the cylinder
head; and the other oil passage, of the pair of oil passages, is positioned on an outside in
the cylinder arrangement direction, and the inclined surface of the cylinder head is
positioned between the pair of oil passages, the inclined surface corresponding to the oil
passage positioned on the inside is in a position higher than a position of the inclined
surface corresponding to the oil passage positioned on the outside.

[0014]  According to the structures, the period of time (time) during which the
engine oil contacts the inclined surface of the cylinder head is loﬁger. Therefore, more oil

is able to flow through the oil passage positioned on the outside that also tends to be cooled
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by outside air, while the temperature of the engine oil is reduced.

[0015]  In the cylinder head described above, a length of the oil passage, of the
pair of oil passages, positioned on the outside in the cylinder arrangement direction may be
shorter than a length of the oil passage positioned on the inside Vin the cylinder arrangement
direction.

[0016] . According to this structure, because the depth is less, the oil that flows
into the oil passage positioned on the outside flows down that much more easily compared
with the oil passage positioned on the inside. Therefore, the oil is able to flow smoothly.
| [0017] In the éylinder head describedlabove, the inclined surface of the cylinder
head may be positioned between the pair of oil passages and the inclined surface may be
inclined in an axial direction of the oil passages.

[0018] According to this structure, the oil that drips down in the axial direction of
the pair of oil passages is able to flow more easily toward thé oil passage along the upper
surface (inclined surface) of the cylinder head.

[00‘19] In the cylinder head described above, of the exhaust ports corresponding
to the plurality of cylinders, a length of the exhaust port provided on an outside in a
cylinder arrangement direction may be made longer than a length of the exhaust port
provided on an inside in the cylinder arrangement direction, and the at least one of the
exhaust ports above which the water jacket is not provided may be an exhaust port
provided on the outside in the cylinder arrangement direction.

| [0020]  According to this structure, when the water jacket is provided'above the
exhaust port that is provided on the oﬁtside, the temperature difference increases by an
amount corresponding to the amount by which the surface area of the exhaust port on the
outside is larger than the surface area of the exhaust port on the inside, because the
temperature of exhaust gas that flows through the exhaust port on the outside tends to be
lower than the temperature of exhaust gas that flows through the exhaust port provided on
the outside. In contrast, when the head-side water jacket is not provided above the
exhaust port that is provided on the oﬁtside, the temperature difference between the

temperature of exhaust gas that flows through the exhaust port on the outside and
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temperature of exhaust gas that flows through the exhaust port on the inside is able to be

reduced.

[0021]  As described above, the cylinder head of the invention enables the

temperature of engine oil to be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]  Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:
FIG. 1 is a block diagram of an example of an oil circulation system in an engine
according to one example embodiment of the invention;

FIG. 2 is a perspective view of a cylinder head according to the example embodiment,

- as viewed from above at an angle on an exhaust side;

FIG. 3 is an explanatory view of the overall layout of cylinders, exhaust ports, and a
water jacket and the like, when seen through cylinder head from above, according to the
invention;

FIG. 4 is a plan view of a cylinder block viewed frorﬁ above, accorciing to the
invention; and . |

FIG. 5 is a sectional view of the cylinder head and the cylinder block taken along line

. s
V-VinFIG 3.

DETAILED DESCRIPTION OF EMBODIMENTS _
[0023]  Hereinafter, example embodiments of the cylinder head according to the
invention will be described with reference to the accompanying drawings.
[0024]  An oil circulation system of an in-line four cylinder engine according to
one ekample embodiment will be described with reference to FIG. 1. An engine 100
includes an engine block 1 in which a mechanism to be lubricated (hereinafter, simply
referred to as “lubricated mechanism™) is arranged, and a lubrication system 2 that

circulates oil inside the engine 100 to lubricate the lubricated mechanism.
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[0025]  The engine block 1 includes a cylinder head 3 and a cylinder block 4.
Varioué lubricated members such as pistons 11, a crankshaft 12, and a camshaft 13, are
arranged in the cylinder head 3 and the cylinder block 4. An oil pan 5 that is a member
that stores oil to be supplied to these lubricated members is arranged in a lower end portion
of the engine block 1.

[0026] The lubrication system 2 is configured as described below to enable oil
stored inside the oil pan 5 to be supplied to the various lubricated members.

[0027]  An oil strainer 51 is arranged inside the oil pan 5. The oil strainer 51
removes foreign matter and the like from the oil. The oil strainer 51 has an inlet port S1a
that draws in oil stored in the oil pan 5, and is connected via a strainer flow path 53 to an
oil pump 52 provided oﬁ the engine block 1.

[0028]  The oil pump 52 is a pump that draws up oil stored in the oil pan 5, and
supplies it (i.e., the oil) as lubricating oil to the lubricated members via an oil filter 54.
The oil pump 52 is configured as a rotary pump or the like, for example. Also, a rotor of
the oil pump 52 is engaged with the crankshaft 12 so that it (i.e., the rotor) rotates when the
crankshaft 12 rotates. |

[0029]  Also, the oil pump 52 is connected via an oil delivéry line 55 to an oil inlet
of the oil filter 54 provided on an outer portion of the engine block 1.  An oil outlet of the
oil filter 54 is connected to an oil supply line 56 provided as an oil ﬂ6w~ path that leads to
the various lubricated members.

[0030]  When the engine 100 starts to be operated, the oil pump 52 is driven when
the crankshaft 12 rotates. Then the oil pump 52 draws in oil stored in the oil pan 5 from
the inlet port 51a of the oil strainer 51, as indicated by arrows VO.

[0031]  The oil that has been drawn in is then supplied to the lubricated members
that are to be lubricated inside the engine block 1, via the oil delivery line 55, the oil filter
54, and the oil supply line 56, in this order. The oil supplied to the lubricated m_emberé in
this way functions as lubricating oil at the lubricated members, and after absorbing heat
such as friction heat generated when the lubricating members operate, the oil drips down

by gravity and is recovered in the oil pan 5.
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[0032]  Next, the structure of the cylinder head 3 will be described. The cylinder
head 3 is assembled onto an upper portion of the cylinder block 4, thereby closing off an
upper end of four cylinders 41a, 41b, 41c, and 41d (see FIGS. 3 and 4) formed by this
cylinder block 4, and consequently forming combustion chambers between the cylinder
head 3 and pistons 11 that have been inserted into thé cylinders 41a to 41d.

[0033]  As an example, in the engine 100 in this example embodiment, the four
cylinders 41a to 41d are lined up in a row, as shown transparently from above in FIG. 3.
Hereinafter, these four cylinders 41a to 41d will be referred to as first cylinder 41a (#1),
second cylinder 41b (#2), third cylinder 41c (#3), and fourth cylinder 41d (#4), in order
from one end in a longitudinal direction of the cylinder head 3 (i.e., in direction X that is
the cylinder arrangement direction) toward the other end (i.e., from the cylinder on tile side
in the direction of arrow X1 toward the cylinder on the side in the direction of arrow X2).

[0034] A shallow depressions that will become ceiling portioris of the combustion
chambers of the cylinders 41a to 41d are formed in a lower surface of the cylinder head 3.
Intake ports 31a, 31b, 31c, and 31d, and exhaust ports 32a, 32b, 32¢, and 32d are open in
these depressions. |

[0035] That is, in FIG. 2, the four intake ports 31a to 31d for introducing air into
the combustion chambers in the cylinders 41a to 41d, as also shown in FIG. 3, are open in a
side wall 33 on an intake side of the cylinder head 3 that is the far side in the drawing, and
are configured to be connected to an intake ‘manifold," not shown.

[0036] On the other hand, in FIG' 2, the | four exhaust ports 32a to 32d for
discharging burned gas from the combustion chambers in the cylinders 41a to 41d, as also
shown in FIG. 3, are open in a side wall 34 on an exhaust side of the cylinder head 3 that is
the near side in the drawing, and are configured to be connected to an exhaust manifold,
not shown. |

[0037]  Also, the cylinder head 3 has a structure in which a portion of the exhaust
manifold is integrated with the side wall 34 on the exhaust side. As will be described in
detail later, the four exhaust ports 325 to 32d that are longer than usual are formed on the

side’ wall 34 on the exhaust side. As shown in FIG. 2, a generally rectangular-shaped
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fastening seat portion 34a is formed in substantially the center, in the longitudinal direétion,

of the side wall 34 on the exhaust side, and the four exhaust ports 32a to 32d are open two

by two in the upper and lower left right portions of the fastening seat portion 34a.

[0038]  That is, when a direction of a side of the cylinder head that faces the

cylinder block is a downward direction (i.e., the minus direction of a Z axis in FIG. 2, i.e.,
N

direction Z2 in FIG. 5), the two outside exhaust ports 32a and 32d are open adjacent one

‘another in the cylinder arrangement direction, in a lower half portion of the fastening seat

portion 34a. When a direction opposite 'the side of the cylinder head that faces the
cylinder block is an upward direction (i.e., the plus direction of the Z axis in FIG. 2, i.e.,
direction Z1 in FIG. 5), the two inside exhaust ports 32b and 32¢ are open adjacent one
another in the cylinder arrangement direction, in an upper half portion of the fastening seat
portion 34a. Also, a bolt hole 34b is open in each of four corners of the fastening seat
portion 34a, and the center of both an upper edge and a lower edge. A flange of the
exhaust manifold, not shown, is overlapped with the fastening seat portion 34a and
fastened thereto. |

[0039]  Although not shown, a DOHC type valve system provided with a camshaft
is arranged, on both the intake side and the exhaust side, on an upper portion of the
cylinder head 3. Also, reference character 35 denotes Hydraulic Lash Adjuster (HLA)
housing holes provided tWo by two on both the intake side and the exhaust side for each of
the cylinders 41a to 41d (see FIG. 3). Reference character 36 denotes a passage forming
portion that supplies oil to the HLAs on both the intake side and the exhaust side. ‘

[0040] As shown in FIG. 3, when the cylinder head 3 is viewed transparent from
above, the upstream end, in the direction of exhaust gas flow, of each of the four exhaust
ports 32a to 32d that correspond to the cylinders branches off into two, which are
individually communicated with the inside of the corresponding cylinder 41a to 41d. On
the other hand, midstream and downstream portions of the exhaust ports 32a to 32d do not
branch off. »

[0041]  Also, the midstream and downstream portions of the exhaust ports 32a to

32d extend into the side wall 34 on the exhaust side, without converging with the adjacent
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exhaust_ ports 32a to 32d. Also, the outlets of the exhaust ports 32a to 32d are
individually open on the fastening seat portion 34a as described above. That is, the
adjacent exhaust ports 32a to 32d do hot merge into a single port, but instead the outlets of
the exhaust ports 32a to 32d converge at a single location wﬁile being remaining separate.

[0042]  Also, of the four exhaust ports 32a to 32d, the exhaust ports 32a and 32d
on the outsides (i.e., the outsidé passages) that are communicated with the first cylinder
41a and the fourth cyliﬁder 41d, respectively, that are both on the outside in the cylinder
arrangement direction gradually curve from the upstream side toward the downstream side,
in the direction of exhaust gas flow, so as to approach the center in the cylin.der
arrangement direction, when viewed from a verticall direction (the direction of cylinder
center lines A, i.e., the axial direction of the cylinders). In other words, the exhaust ports
32a.and 32d on the outsides' are curved with a relatively large curvature radius, so as to '
approach the inside in the cylinder arrangethent direction. |

[0043]  More specifically, the exhaust ports 32a and’ 32d on the outsides curve
toward the inside in the cylinder arrangement direction, near an outer periphery of the first -
cylinder 41a and the fourth cylinder 41d, respectively, and extend to near the center in the
cylinder arrangement direction, then curve off midway in the opposite direction, and then
extend to near the fastening seat portion 34a adjacent to each other.

[0044]  On the other hand, the exhaust ports 32b and 32c on the inside (i.e., the
inside passages).that are communicated with the second cylinder 41b and the third cylinder
41¢, respectively, that are positioned on the inside in the cylinder arrangement direction
extend in a sﬁbstantially straight line from the second and third cylinders 41b and 41c
toward the fastening seat portion 34a of the side wall 34 on the exhaust side when viewed
from above.

| [0045]  Therefore, the exhaust ports 32b and 32¢ oh the inside tend to be shorter
than the exhaust ports 32a and 32d on the outsides, which greatly curve in the cylinder
arrangement direction as described above. In other words, the exhaust ports 32a and 32d
on the outsides, which greatly curve in the cylinder arrangement direction, tend to be

longer than the exhaust ports 32b and 32c¢ on the inside.
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[0046]  Also, a head-side water jacket 37 is provided in the cylinder head 3, from
the cylinders 41a to 41d to the exhaust ports 32a to 32d when viewed from above. This
head-side water jacket 37 reduces the gas temperature (the temperature of the exhaust gas)
(i.e., cools the exhaust gas) discharged from the exhaust ports 32a and 32d and the area
around the combustion chambers.

[0047]  Here, in this example embodiment, the head-side water jacket 37 is -not
provided above (i.e., in the direction of arrow Z1) the exhaust ports 32a and 32d on the
outsides, as shown in FIG. 5, on the side wall 34 on the exhaust side of the head-side water
jacket 37. |

[0048] In other words, the head-side water jacket 37 is provided inside the
cylinder head 3 so as to avoid the area above the exhaust ports 32a and 32d on the outsides.
Further, the head-side water jacket 37 is provided above (i.e., on the side in the direction of
arrow Z1) the exhaust ports 32b. and 32c on the inside. Also, the head-side water jacket
37 is provided below (i.e., on the side in the direction of arrow Z2) the exhaust ports 32a
and 32d on the outsides and the exhaust ports 32b and 32c¢ on the inside.

[0049] Also, as shown in FIG. 3, four oil passages 3a, 3b, 3¢, and 3d through
which oil that has lubricated the lubricated mechanism drips down to the cylinder block 4
side (i.e., downward), are provided in an upper surface 30 of the cyiinder head 3. These
four oil passages 35, 3b, 3c, and 3d are generally circ,ular cylindrical-shaped holes that
extend along in the axial direction of the cylinders (direction Z; see FIG. 5). Also, the
areas of the four oil passages 3a to 3d through which the oil passes are substantially equal.

[0050] The oil passage 3a is provided on the outside (i.e., the side in the direction
of arrow X1), in the cylinder arrangement direction, with respect to the exhaust port 32a
that is on the outside, in the upper surface 30 of the cylindér head 3. The oil passage 3b is
provided on the inside (i.e., the side in the direction of arrow X2), in the cylinder
arrangement direction, with respect to the exhaust port 32a. The Qil passage 3c is
provided on the inside (i.e., the side in the direction of arrow.X1), in the cylinder
arrangement direction, with respect to the exhaust port 32d that is on the outside. The oil

passage 3d is provided on the outside (i.e., the side in the direction of arrow X2), in the



10

15

20

25

WO 2014/087239 PCT/IB2013/003019

11

cylinder arrangement direction, with respect to the exhaust port 32d that is on the outside.

[0051]  Further, as shown in FIG. 5, an inclined surface 30a (an inclined portion)
that is inclined in.a linear fashion from the inside toward the outside in the cylinder
arrangement direction, is formed on a portion of the upper surface 30 of the cylinder head .
3, which is positioned between the oil passage 3a and the oil passage 3b, and above the
exhaust port 32a that is on the outside. ‘ | .

[0052]  This inclined surface 30a is inclined with respect fo an axial direction of
the oil passages 3a and 3b, and a lower surface 30c of the cylinder head 3. Also, an |

outside portion of the inclined surface 30a (i.e., a portion of the inclined surface 30a that is

- on the side in the direction of arrow X1) is positioned lower than an inside portion of the

inclined surface 30a (i.e., a portion of the inclined surface 30a that is on the side in the
direction of arrow X2). That is, the oil passage 3a is provided at the lowest point by
partially lowering the height of the upper surface 30. Also, a depth of the oil passage 3a
in the axial direction of the cylinders is less (i.e., shallower) than the depth of the oil
passage 3b. .

[0053] Abcordingly, when the oil that has lubricated the lubricated mechanism
drips down onto the inclined surface 30a, it (i.e., the oil) will run along in the direction in
which the inclined surface 30alis inclined, and fall onto the cylinder block 4 from the oil
passage 3a. That is; the amount (;f oil that falls onto the cylinder block 4 from the oil
passage 3a will be greater than the amount of oil that falls onto thé cylinder block 4 _from
the oil passage 3b. As a result, the heat exchange time from the oil on the inclined
surface 30a of the cylinder head 3 is able to be increased, so lthe oil temperéture is able to
be reduced.

[0054]  Similarly, an inclined surface 30b (an inclined portion) that is inclined in é
linear fashion from the inside toward the outside in the cylinder arrangement direction, is
formed on a portion of the upper surface 30 of the cylinder head 3, which is positioned
between the oil passage 3c and the oil passage 3d, and above the exhaust port 32d that is
on the outside.

[0055]  This inclined surface 30b is inclined with respect to an axial direction of '
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the oil passages 3c and 3d, and a lower surface 30c of the cylinder head 3. Also, an
outside portion of tﬁe inclined surface 30b (i.e., a portion of the inclined surface 30b that is
on the side in the direction of aﬁow X2) is lower than an inside portion of the ’incliﬁed
surface 30b (i.e., a portion of the inclined surface 30b that is on the side in the direction of
arrow X1). That is, the oil passage 3d is provided at the lowést point by partially
lowering the height of the upper surface 30. Also, a depth of the oil passage 3d in the
axial direction of the cylinders is less (i.e., shallower) than the depth of t.he oil passage 3c.
That is, the length of the oil passage 3d in the axial direction of the cylinders is shorter than
the length of the oil passage 3c.

[0056]  Accordingly, when the oil that has lubricated the lubricated mechanism
drips down onto the inclined surface 30b, it (i.e., the oil) will run along in the direction in
which the inclined surface 30b is inclined, and fall onto the cylinder block 4 from the oil
passage 3d. That is, the amount of oil that falls onto the cylinder block 4 from the oil
passage 3d will be greater than the amount of oil that falls onto the cylinder block 4 from
the oil passage 3c. Asa result, the heat exchange time from thg oil on the inclined surface
30b of the cylinder head 3 is able to be increased, so the oil temperature is able to be
reduced.

. [0057] Next, the structure of the cylinder block 4 will be described. As shown
in FIG. 4, the cylinder block 4 includes the four cylinders 41a to 41d, a block-side water
jacket 42, and a first oil chamber 43a and a second oil chamber 43b.

[0058] Each of the cylinders 41a to 41d is formed in a generally cyl?ndﬂcal shape,
with the piston 11 (see FIG. 1) slidably housed th§erein, and a combustion chamber, not
shown, is formed in an upper end portion of each cylinder 4ia to 41d. The combustion
chamber is forrhed-by a top surface of the piston 11, an inner peripheral surface of the
cylinder 4la to 41d, and a portion of a lower surface of the cylinder head 3.

[0059]  The block-side water jacket 42 cools a wall surfac_e of the cylindets 41a to
41d with coolant, and is formed along an outer periphery of the cylinders 41a to 41d.
Also, an inlet and an outlet, neither of which are shown, are formed in the block-side water

jacket 42.
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[0060]  The inlet of the block-side water jacket 42 is configured such that coolant
is able to be supplied from a water pump, not shown. The coolant that flows in from the
inlet flows sequentially in the direction of arrow VW along the outer periphery of the |
cylinders 41a to 41d, and is discharged from the outlet formed on the outer periphery of the
cylinders 41a to 41d. The coolant that has been discharged from the outlet is able to be
delivered to a radiator, not shown, and heat recovered by the coolant is then released' into
the atmosphere at the radiator.

[0061]  The first oil chamber 43a and the second oil chamber 43b are passages
through which oil that has dripped down from the oil passages 3a-to 3d of the cylinder
head 3 drips down to the oil pan 5 (see FIG. 1) arranged below the cylinder block 4. A
lower oil passage 45 is connected via a converging portion 44, which will be described
later, to below the first oil chamber 43a and the second oil chamber 43b.

[0062] The first oil chamber 43a and the second oil chamber 43b both serve as oil
passages through which oil that drips down from inside the oil passages 3a to 3d drips
down near the position of a lower end of the block-side water jacket 42. As a result, the
oil inside the first oil chamber 43a and the second oil chamber 43b is able to efficiently
undergo heat exchange with the coolant inside the block-side water jacket 42, so the oil can
be sufficiently cooled inside the first oil chamber 43a and the second oil chamber 43b.

[0063] The first oil chamber 43a and the second oil chamber 43b both extend in
the cylinder arrangement direction (direction X) along the block-side water jacket 42.

Also, the first oil chamber 43a and the second oil chamber 43b are both formed in long

| planar shapes in a vertical direction (direction Z; see FIG. 5) compared to a width direction

(direction Y).

[0064]  As shown in FIGS. 4 and 5, a partition wall portion 46 that divides the
first oil chamber 43a from the second oil chamber 43b is formed near a cénter portion of
the first oil chamber 43a and the second oil chamber 43b in the cylinder arrangement
direction (direction X). Also, the first oil chamber 43a and the second oil chamber 43b
have generally line-symmetrical shapes with respect to the partition wall portion 46.

[0065]  The first oil chamber 43a and the second oil chamber 43b are each formed
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such that the width of the oil chambers becomes narrower in the direction in which oil
flows (i.e., downward). That is, the first oil chamber 43a and the second oil chamber 43b
each have a tapered shape that tapers in the direction in which the oil drips down (i.e.,
downward).

[0066]  Next, the structure of the oil passage will be described. As shown in FIG,
5, the oil that has lubricated the lubricated portions drips down onto the upper surface 30
(i.e., the inclined surface 30a and the inclined surface 30b) of the cylinder head 3. The oil
that has dripped down onto the inclined surface 30a first flows toward the outside (i.e., the
side in the direction of arrow X1) along the inclined surface 30a, and then drips down from
the oil passage 3a into the first oil chamber 43a of the cylinder block 4.

[0067] The oil that has dripped down into the first oil chamber 43a flows

- downward along a bc}ttom surface 431a of the 43a. At this time, the temperature of the

oil decreases as a result of heat exchange with the cylinder block 4. Then, the oil that has
dripped down from the oil passage 3a flows to the converging portion 44 between the first
oil chamber 43a and the second oil chamber 43b, while converging with the oil that drips
down from the oil passage 3b. | |

[0068]  Further, the oil that has dripped down onto the inclined surface 30b flows
toward the outside (i.e., the side in the direction of arrow X2) along the inclined surfacé
30b, and then drips down from the oil passage 3d into the second oil chamber 43b of the
cylinder block 4. The oil that has drif)ped down into the second oil chamber 43b flows
downward along a bottom surface 431b of the second oil chamber 43b. At this time, the
temperature of the oil decreases as a result of heat exchange with the cylinder block 4.
Then, the oil that has dripped down from the oil passage 3d flows to the converging
poftion 44 between the first oil chamber 43a and the second oil chamber 43b, while
converging with the oil that drips down from the oil passage 3c.

[0069]  The oil that has converged at the converging portion 44 then drips down to
the oil pan 5 via the lower oil passage 45 that extends in a vertical direction (direction Z) |
formed below the converging portion‘ 44,

[0070]  As described above, the cylinder head 3 according to this example
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embodiment is able to yield the effects described below.

[0071]  In the example embodiment, the inclined surface 30a (30b) that is inclined
from one oil passage 3b (3c), of the pair of oil passages 3a and 3b (3¢ and 3d), toward the
other oil passage 3a (3d) is provided on the upper surface 30 of the cylinder head 3, which
is positioned between the pair of oil passages 3a and 3b (3c and 3d), as described above.
Therefore, oil that has dripped down onto the inclined surface 30a (30b) of the cylinder
head 3 runs down from the one oil passage 3b (3c) toward the other oil passage 3a (3d)
along this inclined surface 30a (30b), so the period of time (time) during which the engine
oil contacts the inclined surface 30a (30b) of the cylinder head 3 is able to be longer than it
is when thé upper surface 30 of the cylinder head 3 is not inclined. As a result, the
temperature of the engine oil is able to be reduced by an amount corresponding to the
increase in 'theb period of time (time) during which the engine oil contacts the inclined
surface 30a (30b) of the cylinder head 3.
| [0072]  Also, in this example embodiment, the inclined surface 30a (30b) of the
cylinder head 3, which is positioned between the pair of oil passages 3a and 3b (3¢ and 3d),
is inclined such that the oil flows from the oil passage 3b (3¢) that is positioned on the .
inside, toward the oil passage 3a (3d) that is positioned on the outside, as described above.
Therefore, the period of time (time) during which the engine oil contacts the inclined
surface 30a (30b) of the cylinder head 3 is longer, so more oil is abie to flow through the
oil passage 3a (3d) positioned on the outside that also tends to be cooled by outside air,
while the temperature of the engine oil is reduced.

[0073]  Also, in this example embodiment, of the pair of oil passages 3a and 3b
(3¢ and 3d), the depth of the oil passage 3a (3d) positioned on the outside in the cylinder
arrangement direction is less than the depth of the oil passage 3b (3¢) positioned on the

inside in the cylinder arrangement direction, as described above. Therefore, because the

- depth is less, the oil that flows into the oil passage 3a (3d) positioned on the outside flows

down that much more easily compared with the oil passage 3b (3c) positioned on the inside,
so the oil is able to flow smoothly.

[0074]  Also, in this example embodiment, the inclined surface 30a (30b) of the



10

15

20

25

WO 2014/087239 PCT/IB2013/003019

16
cylinder head 3 is inclined in the axial direction (direction Z) of the oil passages 3a to 3d.
Therefore, the oil that drips down in the axiél direction of the pair of oil passages 3a and 3b
(3¢ and 3d) is able to flow more easily toward the oil passage 3a (3d) along the inclined
surface 30a (30b) of the cylinder head 3. . ‘ |

[0075]  Also, in this example embodiment, the head-side water jacket 37 is not
provided above the exhaust port 32a (32d) on the outside in the cylinder arrangement
direction, as described above. When the head-side water jacket 37 is provided above the
exhaust port 32a (32d), the temperature difference increases by an amount corresponding
to the amount by which the surface area of the exhaust port 32a (32d) on the outside is
larger than the surface area of the exhaust port 32b (32¢) on the inside, because the
temperature of exhaust gas that flows through the exhaust port 32a (32d) on the outside
tends to be lower than the temperature of exhaust gas that flows through the exhaust port
32b (32d) provided on the outside. In contrast, with this example embodiment, the
head-side water jacket 37 is not provided above the exhaust port 32a (32d) that is brovided
on the outside, so the temperature difference between the temperature of exhaust gas that
flows through the exhaust port 32a (32d) on the outside and temperature of exhaust gas
that flows through the exhaust port 32b (32¢) on the inside is able to be reduced.

[0076] The example embodiments disclosed herein are in all respects merely
examples and should in no way be construed as limiting. The scope of the invention is
indicated not by the foregoing description but by the scope of the claims for patent, and is
intended to include all modifications that are within the scope and meanings equivalent to
the scope of the claims for patent.

[0077]  For example, in the example embodiment described above, an example is
described in which the cylinder head according to the invention is applied to an in-line four
cylinder engine, but the invention is not limited to this. That is, the invention may also be
applied to an engine having a number of cylinders other than four in-line cylinders.

[0078]  Also, in the example embodiment described above, an example is

described in which the inclined surface that is inclined from inside to outside is provided

on the upper surface of the cylinder head, but the invention is not limited to this. For
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example, the inclined surface may also be inclined from outside to inside.

[0079] Also, in the example embodiment described above, an example is
described in which the inclined surface of the cylinder is formed linearly, but the invention
is not limited to this. For example, the inclined surface of the cylinder head may also be
formed by a curved shape or the like.

[0080]  The invention may be used for a cylinder head, and more particularly, for a
cylinder head configured such that outlets of exhaust ports corresponding to a plurality of

cylinders converge inside the cylinder head.
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CLAIMS:

1. A cylinder head comprising:

a plurality of exhaust ports provided corresponding to a plurality of cylinders, and
configured to converge outlets of the exhaust ports inside the cylinder head, at least one of
the exhaust ports not being provided with a water jacket there above; and

a pair of oil passages arranged so as to sandwich the at least one of the exhaust ports
above which the water jacket is not provided, wherein

an inclined surface provided on an upper surface of the cylinder head and positioned
between the pair of oil passages, the inclined surface being inclined from one oil passage,

of the pair of oil passages, toward the other oil passage.

2. The cylinder head according to claim 1, wherein
one oil passage, of the pair of oil passages, is positioned on an inside, in a cylinder
arrangement direction, of the cylinder head;
the other oil passage, of the pair of oil passages, is positioned on an outside in the
cylinder arrangement direction; and
the inclined surface of the cylinder head is positioned between the pair of oil passages,
and is inclined such that oil flows from the oil passage positioned on the inside toward the

oil passage positioned on the outside.

3. The cylinder head according to claim 1, wherein

one oil passage, of the pair of oil passages, is positioned on an inside, in a cylinder
arrangement direction, of the cylinder head; énd

the other oil passage, of the pair of oil passages, is positioned on an outside in the
cylinder arrangement direction, and |
- the inclined surface of the cylinder head is positioned between the pair of oil passages, the
inclined surface corresponding to the oil passage positioned on the inside is in a position

higher than a position of the inclined surface corresponding to the oil passage positioned
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on the outside.

4. The cylinder head according to claim 2 or 3, wherein
a length of the oil passage, of the pair of oil passages, positioned on the outside in the

cylinder arrangement direction is shorter than a length of the oil passage positioned on the

. inside in the cylinder arrangement direction.

5. The cylinder head according to any one of claims 1 to 4, wherein the inclined
surface of the cylinder head is positioned between the pair of oil passages and the inclined

surface is inclined in an axial direction of the oil passages.

6. The cylinder head according to any one of claims 1 to 5, wherein

of the exhaust ports corresponding to the plurality of cylinders, a length of the
exhaust port provided on an outside in a cylinder arrangement direction is made longer
than a length of the exhaust port provided on an inside in the cylinder arrangement
direction, and the at least one of the exhaust ports above which the water jacket is not

provided is an exhaust port provided on the outside in the cylinder arrangement direction.
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