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(57) Abstract: A cylinder block (100) of the invention includes a coolant passage (115) that guides coolant inside of a water jacket
(120), inside of an inter-bore partition wall (111). The coolant passage (115) is formed by a head-side drill hole (115a) that opens at
a position away from a center portion of a top surtace of the inter-bore partition wall (111) and is formed inclined with respect to an
extending direction (L2) of an axis of a cylinder bore so as to come closer to the center portion of the inter-bore partition wall (111)
farther away from the top surface, and a jacket-side drill hole (115b) that is communicated with a tip end portion of the head-side
drill hole (115a) and opens into the water jacket (120) and is formed inclined with respect to the extending direction (L2) of the axis
toward the opening so as to gradually come closer to the top surface.



10

15

20

25

WO 2012/120345 PCT/1IB2012/000289

CYLINDER BLOCK AND MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to cylinder block provided with a coolant passage
inside of an inter-bore partition wall that is positioned between adjacent cylinder bores,
and to a manufacturing method of the cylinder block.

2. Description of Related Art

[0002]  An ‘inter-bore partition wall that is positioned sandwiched between
cylinder bores that form combustion chambers is easily affected by combustion heat, and
thus tends to reach a high temperature as an engine operates. Therefore, a cylinder
block in which a coolant passage for guiding some coolant in a water jacket is provided
inside the inter-bore partition wall is known.

[0003] In order to reduce the weight and size of an engine, it is preferable that
each portion of the cylinder block be thin, and that the inter-bore partition walls also be as
thin as possible. The center portion of the inter-bore partition wall where adjacent
cylinder bores ére closest is a portion where cooling is particularly important. However,
the inter-bore partition wall is thin, so if a coolant passage that enables coolant to pass
through this center portion is formed, strength is no longer able to be ensured.
Therefore, if the inter-bore partition wall is made thin in order to reduce the weight and
size of the cylinder block, a coolant passage that passes through the center portion of the
inter-bore partition wall may not be able to be provided.

[0004]  Therefore, a cylinder block described in Japanese Patent Application
Publication No. 9-151784 (JP-A-9-151784) is provided with a coolant passage that is
curved by joining an upper passage that extends away from the center portion toward a
cylinder head side with a lower passage that extends away from the center portion toward
a crankcase side, with the upper end of the lower passage being communicated with the

lower end of the upper passage. Coolant in the water jacket is guided near the center
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portion of the inter-bore partition wall by this curved coolant passage.

[0005] Employing this structure makes it possible to guide coolant near the
center portion without forming a coolant passage that passes through the center portion of
the inter-bore partition wall, so the center portion of the partition wall is able to be cooled
while still ensuring the strength.

[0006] With the cylinder block described in JP-A-9-151784, the upper passage
is formed by drilling a hole at an angle from a portion on the cylinder head side inside the
water jacket toward the center portion side of the inter-bore partition wall. Meanwhile,
the lower passage that communicates the water jacket with the upper passage is formed
by drilling a hole through the water jacket from inside the crankcase toward the cylinder
head side. After the lower passage is formed in this way, the unwanted through-hole
that remains on the crankcase side is blocked off (see paragraph [0014] and FIG 6 in
JP-A-9-151784).

[0007] With the cylinder block described in JP-A-9-151784, an unwanted
througﬁ-hole is formed in the process of forming the coolant passage, so a process to
block off this unwanted through-hole is required.

[0008]  Also, the coolant passage described in JP-A-9-151784 communicates the
upper and the lower portions of the water jacket through the inside of the partition wall,
and circulates coolant from down to up using natural convection that increases as the
temperature of the coolant in the coolant passage rises (see paragraph [0017] in
JP-A-9-151784). Therefore, with the cylinder block described in JP-A-9-151784, even
if a flow is generated in the coolant inside of the water jacket, a flow is not easily
generated in the coolant inside the coolant passage, and thus coolant inside the coolant

passage does not readily circulate.

SUMMARY OF THE INVENTION
[0009]  This invention thus provides a cylinder block provided with a coolant
passage that can be formed without requiring a process of blocking off an unwanted hole

after machining, and that is able to rapidly circulate coolant, and provides a
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manufacturing method of the cylinder block.

[0010] A first aspect of the present invention relates to a cylinder block provided
with a water jacket formed surrounding a plurality of cylinder bores, and a coolant
passage that is inside of an inter-bore partition wall positioned between adjacent cylinder
bores and that guides coolant inside of the water jacket without passing through a center
portion that is a thinnest portion of the inter-bore partition wall. The coolant passage is
formed by i) a head-side hole that opens at a position away from a center portion of a top
surface on a cylinder head side of the inter-bore partition wall and is formed inclined with
respect to an axial direction of the cylinder bore so as to come closer to the center portion
farther away from the top surface, and ii) a jacket-side hole that is communicated with a
tip end portion of the head-side hole and opens into the water jacket and is formed
inclined with respect to the axial direction from a portion that is communicated with the
head-side hole toward the opening so as to gradually come closer to the top surface.

[0011] According to this aspect, the jacket-side hole as well as the head-side
hole is also inclined from the cylinder head side toward the crankcase side so as to
gradually come closer to the center portion. Therefore, the head-side hole can be
formed entering from the top surface of the inter-bore partition wall, while the jacket-side
hole can be formed entering from the opening of the water jacket of the cylinder block
upper portion. Therefore, there is no need for a process to block off an unwanted
through-hole after machining a typical cylinder block that involves forming a lower
passage through the water jacket from the crankcase side. That is, according to the
structure described above, the coolant passage can be formed without requiring a process
of blocking off an unwanted through-hole after machining.

[0012]  Also, the coolant passage is open to the water jacket and the top surface
of the inter-bore partition wall that is connected to the cylinder head, so this coolant
passage serves as a passage for circulating coolant between the water jacket on the
cylinder head side and the water jacket formed inside of the cylinder block. Therefore,
a flow corresponding to the pressure difference between the coolant inside the water

jacket on the cylinder head side and the coolant inside the water jacket on the cylinder
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block side is generated in the coolant inside of this coolant passage, so coolant inside the
coolant passage circulates quickly. Thus, a greater cooling effect than that obtained by
the related water jacket that circulates coolant by natural convection is able to be
obtained.

[0013]  That is, according to the structure described above, a cylinder block
provided with a coolant passage that can be formed without requiring a process of
blocking off an unwanted through-hole after machining and that is able to quickly
circulate coolant, is able to be realized.

[0014] A portion near the top surface of the cylinder block that is connected to
the cylinder head, in particular, a portion from the top surface of the inter-bore partition
wall to the height of the top ring when the piston is at TDC, is exposed to
high-temperature, high-pressure combustion gases while the engine is operating.
Therefore, this portion in particular must be intensively cooled.

[0015] In order to intensively cool this portion, the depth of the portion that
communicates the head-side hole with the jacket-side hole may be set based on the height
of the top ring when the piston is at top dead center.

[0016]  With the coolant passage in the cylinder block, the portion where the
head-side hole is connected to the jacket-side hole is a portion that is farthest away from
the top surface of the inter-bore partition wall. Therefore, if the structure described in
the aspect described above is employed, coolant can be intensively circulated to the
portion that is higher than the top ring, while circulating as little coolant as possible to the
portion lower than the position of the height of the top ring when the piston is at top dead
center. As a result, coolant is inhibited from being circulated in an area wider than
necessary, and thus is inhibited from increasing in temperature, so the portion from the
top surface of the inter-bore partition wall to the height of the top ring when the piston is
at top dead center that needs to be intensively cooled is able to be efficiently cooled.

[0017]  If the coolant passage is too close to the center portion that is the thinnest
portion of the inter-bore partition wall, the strength of the inter-bore partition wall is

unable to be ensured.  Also, in many engines, the inner peripheral surface of the cylinder
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bore is formed by a cylinder liner of a different material than the cylinder block main
body. Therefore, more specifically, the tip end portion of the head-side hole may be
located such that the tip end portion of the head-side hole does not interfere with a
cylinder liner that forms an inner peripheral surface of the cylinder bore.

[0018] Employing this structure makes it possible to inhibit the coolant passage
from interfering with the cylinder liner, and the coolant passage can be appropriately
distanced from the center portion. When the cylinder head is mounted to the cylinder
block, a head gasket is sandwiched between the top surface of the cylinder block and the
bottom surface of the cylinder head. Also, a seal portion such as a bead formed on the
head gasket abuts against the peripheral edge portion of the cylinder bore of the top
surface of the cylinder block, and the contact pressure therefrom provides a seal against
combustion gases.

[0019] Here, if the opening of the head-side hole formed in the top surface of
the inter-bore partition wall is formed in a position overlapping with the seal portion of
the head gasket, the area of the seal surface decreases by the amount of the portion that
overlaps with the opening, so an appropriate seal may not be able to be ensured.

[0020]  Therefore, when setting the position of the opening of the head-side hole,
a shortest length between the opening of the head-side hole in the top surface of the
inter-bore partition wall and the cylinder bore may be set such that the opening does not
overlap with the seal portion of the head gasket.

[0021] Employing this kind of structure makes it possible to appropriately
distance the position of the opening from the seal portion and thereby inhibit the area of
the seal surface from decreasing, which in turn makes it possible to ensure an appropriate
seal.

[0022] If the angle formed by the head-side hole and the jacket-side hole that
intersect inside the inter-bore partition wall and together form the coolant passage is
reduced, the direction of the coolant that flows through the coolant passage greatly -
changes at the portion where the head-side hole connects with the jacket-side hole.

Therefore, coolant will strike the wall surface of the coolant passage at this portion hard,
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creating turbulence. As a result, the coolant flowing through the center of the coolant
passage and the coolant flowing near the wall surface of the coolant passage are agitated,
such that the effect of heat exchange performed via the wall surface of the coolant
passage further increases.

[0023]  Therefore, in order to improve heat exchange efficiency, the angle
between the head-side hole and the jacket-side hole that intersect inside the inter-bore
partition wall and together form the coolant passage may be reduced. Thus, the angle
between the head-side hole and the jacket-side hole may be an acute angle.

[0024] By employing this kind of structure, coolant strikes the wall surface of
the coolant passage hard at the portion where the head-side hole connects with the
jacket-side hole, such that turbulence is generated inside the coolant passage, which
enables the heat exchange efficiency to be increased.

[0025]  In order to efficiently cool the inter-bore partition wall, a plurality of the
coolant passages may be provided in an area that enables the strength of the inter-bore
partition wall to be ensured. For example, a pair of the coolant passages may be formed
in the inter-bore partition wall so as to sandwich the center portion of the inter-bore
partition wall.

[0026] Employing this kind of structure makes it possible to increase the
cooling effect more so than with a structure in which only one coolant passage is
provided, as well as makes it possible to more evenly cool the entire inter-bore partition
wall due to the fact that both of the portions positioned on both sides of a center portion
of the inter-bore partition wall are able to be cooled.

[0027] In the above aspect, the two coolant passages may be provided
axisymmetrical about the center portion inside the inter-bore partition wall.

[0028] In the above aspect, an inclination of an extension line of the jacket-side
hole that extends to outside of the water jacket may be set such that the extension line
does not contact a head bolt boss that forms an outer peripheral side end portion of the
water jacket.

[0029] In the above aspect, the head-side hole and the jacket-side hole may both
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be holes that are in straight lines.

[0030] A second aspect of the present invention relates to a manufacturing
method of a cylinder block provided with a water jacket formed surrounding a plurality
of cylinder bores, and a coolant passage that is inside of an inter-bore partition wall
positioned between adjacent cylinder bores and that guides coolant inside of the water
jacket without passing through a center portion that is a thinnest portion of the inter-bore
partition wall. The manufacturing method includes: forming a head-side hole at an
angle inclined with respect to an axial direction of the cylinder bore so as to come closer
to the center portion farther away from a top surface on a cylinder head side of the
inter-bore partition wall, from a position away from a center portion of the top surface;
and forming a jacket-side hole at an angle inclined with respect to the axial direction
from a wall surface of the inter-bore partition wall that faces the water jacket toward a tip
end of the head-side hole so as to gradually come closer to the top surface, and

communicating the head-side hole with the jacket-side hole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] 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 perspective view of a cylinder block according to an example
embodiment of the invention;

FIG. 2 is an enlarged plan view of a portion near an inter-bore partition wall of the
cylinder block according to the example embodiment; and

FIG. 3 is a sectional view of an inter-bore partition wall portion of the cylinder

block according to the example embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
[0032]  Hereinafter, an example embodiment in which a cylinder block of the

invention is described as a cylinder block 100 of an inline four cylinder engine will be
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described with reference to FIGS. 1 to 3. As shown in FIG. 1, cylindrical cylinder bores

110 that form combustion chambers are formed in an upper portion of the cylinder block
100. Four of these cylinder bores 110 are formed in a line. In addition, a water jacket
120 that surrounds these four cylinder bores 110 is also formed in the cylinder block 100.

[0033]  Also, a coolant inlet 130 that guides coolant discharged from a water
pump into the water jacket 120 is formed in a side surface of the cylinder block 100. A
plurality of bolt holes 140 are formed in a top surface of the cylinder block 100.
Therefore, by inserting and screwing head bolts into these bolt holes 140 when a cylinder
head 200 is mounted to the cylinder block 100, as shown by the broken line in FIG. 1, the
upper surfaces of the cylinder bores 110 become blocked off by the cylinder head 200,
such that the combustion chambers are formed.

[0034] A skirt portion 150 that forms a crankcase in which a crankshaft is
housed is provided below the cylinder block 100. In each inter-bore partition wall 111
positioned between adjacent cylinder bores 110 of the cylinder block 100 are provided
two coolant passages 115 that open to the top surface of the inter-bore partition wall 111,
as shown in FIG. 1.

[0035]  Hereinafter, these coolant passages 115 will be described in detail with
reference to FIGS. 2 and 3.  Also, to simplify the description, portions will be described
in the singular form when possible. As shown in FIG. 2, a portion the inter-bore
partition wall 111 through which the alternate long and short dash line L1 that connects
the center lines of the cylinder bores 110 together passes, i.e., the center portion of the
inter-bore partition wall 111, is the thinnest. The coolant passages 115 are formed, one
on both sides of the center portion of the inter-bore partition wall 111, so as to guide the
coolant inside of the water jacket 120, in the inter-bore partition wall 111, without passing
through the center portion. As shown in FIGS. 2 and 3, the coolant passages 115
positioned on both sides of the center portion of the inter-bore partition wall 111 are
bilaterally symmetrical in shape, so in the description below, only the coolant passage
115 on the right side in FIGS. 2 and 3 will be described. A detailed description of the

coolant passage 115 on the left side in FIGS. 2 and 3 will be omitted.
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[0036] As shown in FIGS. 2 and 3, the coolant passage 115 is formed by a

head-side drill hole 115a that opens to the top surface of the inter-bore partition wall 111,
and a jacket-side drill hole 115b that opens into the water jacket 120. The coolant
passage 115 is bent inside the inter-bore partition wall 111 to connect the top surface of
the cylinder block 100 with the water jacket 120.

[0037] FIG. 3 is a sectional view in the direction along line X — X in FIG. 2.
Also, FIG. 3 shows the cylinder block‘ 100 with the cylinder head 200 mounted to it. As
shown in FIG 3, when the cylinder head 200 is mounted to the cylinder block 100, a head
gasket 300 is sandwiched between the top surface of the cylinder block 100 and the
bottom surface of the cylinder head 200. A water jacket, not shown, is also formed
inside the cylinder head 200, and a head-side coolant passage 210 that guides coolant to
the water jacket on the cylinder head 200 side is formed in the cylinder head 200. An
opening of the head-side drill hole 115a is designed to be communicated with this
head-side coolant passage 210, and a communicating hole 310 is formed in the head
gasket 300, in a position corresponding to a connecting portion of the head-side coolant
passage 210 and the head-side drill hole 115a.

[0038] As a result, as shown in FIG. 3, with the cylinder head 200 mounted, the
coolant passage 115 serves as a passage for guiding coolant inside the water jacket 120 to
the cylinder head 200 side.

[0039] As shown in FIGS. 2 and 3, the opening of the head-side drill hole 115a
is separated from the center portion of the inter-bore partition wall 111 by a distance A.
The alternate long and short dash line L2 in FIG. 3 indicates the direction in which the
axis of the cylinder bore 110 extends, and shows the position of the center portion that is
the thinnest portion of the inter-bore partition wall 111.

[0040] This distance A is set such that the opening of the head-side drill hole
115a is separated from the cylinder bore 110 by a distance E. This distance E is set to
be greater than the width of a seal portion, not shown, of a peripheral edge portion of the
cylinder bore 110 of the head gasket 300. That is, the distance E is a length where the

distance between the opening of the head-side drill hole 115a and the cylinder bore 110 is
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shortest.

[0041] When the cylinder head 200 is mounted to the cylinder block 100, a seal
portion such as a bead formed on the head gasket 300 abuts against the peripheral edge
portion of the cylinder bore 110 of the top surface of the cylinder block 100, and the
contact pressure therefrom provides a seal against combustion gases.

[0042]  Here, when the opening of the head-side drill hole 115a formed in the top
surface of the inter-bore partition wall 111 is formed in a position overlapping the seal
portion of the head gasket 300, the area of the seal surface is reduced by the amount of
the portion that overlaps with the opening of the head-side drill hole 115a, so a suitable
seal may not be able to be ensured.

[0043]  Therefore, with the cylinder block 100 according to this example
embodiment, the opening of the head-side drill hole 115a in the top surface of the
inter-bore partition wall 111 is distanced from the center portion of the top surface of the
inter-bore partition wall 111 by a distance A, as shown in FIG. 2.  Setting the opening to
a position away from the center portion by the distance A in this way ensures the distance
E from the cylinder bore 110 to the opening of the head-side drill hole 115a, so the
opening of the head-side drill hole 115a will not overlap with the seal portion of the head
gasket 300.

[0044]  The head-side drill hole 115a is such that the direction in which it
extends (i.e., the extending direction thereof) is inclined with respect to the axial direction
of the cylinder bore 110 (i.e., the alternate long and short dash line L2). More
specifically, the head-side drill hole 115a is inclined so as to come closer to the center
portion indicated by the alternate long and short dash line L2 farther away from the top
surface of the inter-bore partition wall 111, i.e., farther down in FIG. 3. Also, the
head-side drill hole 115a extends to a position where the distance from the tip end portion
thereof to the center portion of the inter-bore partition wall 111 is a distance B. This
distance B is set such that the coolant passage 115 will not interfere with the cylinder
liner 112 shown by the broken line in FIG. 2, so the strength of the inter-bore partition

wall 111 can be ensured. The cylinder liner 112 is a cylindrical member that is cast
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when the main body of the cylinder block 100 is cast, and forms an inner peripheral
surface of the cylinder bore 110.

[0045] In this way, the jacket-side drill hole 115b that extends from the water
jacket 120 side is communicated with the tip end portion of the head-side drill hole 115a
that extends at an angle from the top surface of the inter-bore partition wall 111. With
the jacket-side drill hole 115b as well, the extending direction thereof is inclined with
respect to the axial direction of the cylinder bore 110 (i.e., the alternate long and short
dash line L2), as indicated by the alternate long and short dash line L4 in FIG. 3. More
specifically, the jacket-side drill hole 115b is inclined upward from the portion that is
communicated with the head-side drill hole 115a toward the opening on the water jacket
120 side so as to gradually come closer to the top surface of the inter-bore partition wall
111.

[0046] The inclination of the jacket-side drill hole 115b that is inclined in this
way is set such that the extended line of the jacket-side drill hole 115b that extends to
outside of the water jacket 120, as shown by the chain double-dashed line L5 in FIG. 3,
does not contact a head bolt boss 160 that forms an outer peripheral side end portion of
the water jacket 120. That is, the inclination in the extending direction of the jacket-side
drill hole 115b is set such that a somewhat large clearance D is able to be ensured
between the extended line of the jacket-side drill hole 115b and the head bolt boss 160, as
shown in FIG. 3.

[0047] This clearance D is set to a size that enables the jacket-side drill hole
115b to be bored without the drill interfering with the head bolt boss 160, by having the
drill enter at angle from the opening of the water jacket 120 when forming the jacket-side
drill hole 115b.

[0048] In this way, with the cylinder block 100 in this example embodiment, the
extending directions of the head-side drill hole 115a and the jacket-side drill hole 115b
are inclined with respect to the extending direction of the axis of the cylinder bore 110, so
the coolant passage 115 is shaped bent at a sharp (acute) angle, as shown in FIG. 3.

[0049]  Also, as shown in FIG. 3, the depth C of the portion where the head-side
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drill hole 115a and the jacket-side drill hole 115b of the coolant passage 115 are

connected is set to match the height where a top ring that is fitted to a piston that is
inserted into the cylinder bore 110 is positioned when the piston is at top dead center
(TDC).

[0050]  The coolant passage 115 designed as described above is formed by
drilling. More specifically, the head-side drill hole 115a is bored by inserting a drill (i.e.,
drilling) at an angle from the top surface of the inter-bore partition wall 111, while the
jacket-side drill hole 115b is bored by drilling at an angle toward the center portion side
of the inter-bore partition wall 111 from the opening of the water jacket 120 as described
above. As a result, the head-side drill hole 115a and the jacket-side drill hole 115b that
have been bored by drilling in this way become communicated with each other inside the
inter-bore partition wall 111, thereby forming the coolant passage 115 that communicates
the water jacket 120 with the head-side coolant passage 210 of the cylinder head 200, as
shown in FIG. 3.

[0051]  Hereinafter, the operation of the coolant passage 115 in the cylinder
block 100 of the example embodiment formed as described above will be described.

[0052]) The coolant passage 115 is open to the water jacket 120 and the top
surface of the inter-bore partition wall 111 that is connected to the cylinder head 200, so
coolant that has circulated through the water jacket 120 flows into the head-side coolant
passage 210 of the cylinder head 200 through this coolant passage 115. That is, this
coolant passage 115 functions as a passage for circulating coolant between the water
jacket on the cylinder head 200 side and the water jacket 120 that is formed inside the
cylinder block 100.

[0053] Also, a flow corresponding to the pressure difference between the
coolant inside the water jacket on the cylinder head 200 side and the coolant inside the
water jacket 120 on the cylinder block 100 side is generated in the coolant inside of the
coolant passage 115, so the coolant inside of the coolant passage 115 circulates quickly.

[0054]  The coolant passage 115 is bent at a sharp (acute) angle inside the

inter-bore partition wall 111 such that the angle created between the head-side drill hole
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115a and the jacket-side drill hole 115b is small. Therefore, the direction of the coolant

that flows through the coolant passage 115 changes greatly at the portion where the
head-side drill hole 115a is connected to the jacket-side drill hole 115b. Accordingly,
coolant strikes the wall surface of the coolant passage 115 at this portion hard, creating
turbulence. As a result, the coolant flowing through the center of the coolant passage
115 and the coolant flowing near the wall surface of the coolant passage 115 are intensely
agitated inside the coolant passage 115.

[0055] In this way, the upper portion of the inter-bore partition wall 111 that
tends to rise in temperature due to the effect of combustion heat is cooled by the coolant
circulating through this coolant passage 115 formed inside the inter-bore partition wall
111.

[0056] The effects described below are able to be obtained by the example
embodiment described above.

[0057] (1) The jacket-side drill hole 115b is able to be formed by inserting a
drill from the opening of the water jacket 120 of the upper portion of the cylinder block
100, which obviates the need for the process to block off an unwanted through-hole after
machining a typical cylinder block that involves forming a lower passage through the
water jacket from the crankcase side. That is, the coolant passage 115 can be formed
without requiring the process of blocking off an unwanted through-hole after machining.

[0058] (2) A flow corresponding to the pressure difference between the
coolant inside the water jacket on the cylinder head 200 side and the coolant inside the
water jacket 120 on the cylinder block 100 side is generated in the coolant inside of the
coolant passage 115, so the coolant inside of the coolant passage 115 circulates quickly.
Accordingly, a greater cooling effect ,thelm that of a typical water jacket that circulates
coolant using natural convention is able to be obtained.

[0059] (3) A portion near the top surface of the cylinder block 100 that is
connected to the cylinder head 200, in particular, the portion from the top surface of the
inter-bore partition wall 111 to the height of the top ring when the piston is at TDC, is

exposed to high-temperature, high-pressure combustion gases while the engine is
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operating. Therefore, this portion in particular must be intensively cooled.

[0060] Hence, in order to intensively cool this portion, the depth of the lower
end portion of the coolant passage 115 may be set based on the height of the top ring
when the piston is at TDC.

[0061] The coolant passage 115 of the cylinder block 100 is such that the
portion where the head-side drill hole 115a is connected to the jacket-side drill hole 115b
is a portion that is farthest away from the top surface of the inter-bore partition wall 111,
i.e., is the lower end portion of the coolant passage 115. Regarding this, in the cylinder
block 100 in the example embodiment described above, the depth C of the lower end
portion of this coolant passage 115 matches the height of the top ring when the piston is
at TDC. As a result, coolant is able to be intensively circulated to the portion that is
higher than the height of the top ring while circulating as little coolant as possible to the
portion lower than the position of the height of the top ring when the piston is at TDC.
Therefore, coolant is inhibited from being circulated in an area wider than necessary, and
thus is inhibited from increasing in temperature, so the portion from the top surface of the
inter-bore partition wall 111 to the height of the top ring when the piston is at TDC that
needs to be intensively cooled is able to be efficiently cooled.

[0062] (4) If the coolant passage 115 is too close to the center portion that is
the thinnest portion of the inter-bore partition wall 111, the strength of the inter-bore
partition wall 111 is unable to be ensured. Therefore, with the cylinder block 100 of this
example embodiment, the distance B between the center portion and the portion of the
coolant passage 115 nearest the center portion is set such that the coolant passage 115
does not reach the cylinder liner 112.

[0063]  Therefore, the coolant passage 115 is inhibited from interfering with the
cylinder liner 112, and the strength of the inter-bore partition wall 111 can be ensured by
appropriately distancing the coolant passage 115 from the center portion.

[0064] (5) The distance A between the opening of the head-side drill hole 115a
in the top surface of the inter-bore partition wall 111 and the center portion of the top

surface of the inter-bore partition wall 111 is set such that the opening does not overlap



10

15

20

25

WO 2012/120345 PCT/1IB2012/000289
15

with the seal portion of the head gasket 300. Accordingly, the position of the opening is
appropriately distanced from the seal portion, which inhibits the area of the seal surface
of the head gasket 300 from decreasing, and thus enables a sufficient seal to be ensured.

[0065] (6) If the angle formed by the head-side drill hole 115a and the
jacket-side drill hole 115b that intersect inside the inter-bore partition wall 111 and
together form the coolant passage 115 is reduced, the direction of the coolant that flows
through the coolant passage 115 greatly changes at the portion where the head-side drill
hole 115a connects with the jacket-side drill hole 115b. Therefore, coolant strikes the
wall surface of the coolant passage 115 at this portion hard, creating turbulence. As a
result, the coolant flowing through the center of the coolant passage 115 and the coolant
flowing near the wall surface of the coolant passage 115 are agitated, such that the effect
of heat exchange performed via the wall surface of the coolant passage 115 further
increases.

[0066] Regarding this, with the cylinder block 100 of the example embodiment
described above, the angle formed by the head-side drill hole 115a and the jacket-side
drill hole 115b is an acute (i.e., a sharp) angle, so coolant strikes the wall surface of the
coolant passage 115 hard at the portion where the head-side drill hole 115a connects with
the jacket-side drill hole 115b. Accordingly, turbulence is generated inside the coolant
passage 115, so the heat exchange efficiency is increased.

[0067] (7) Two coolant passages 115 are formed inside the inter-bore partition
wall 111, and the two coolant passages 115 are provided sandwiching the center portion
of the inter-bore partition wall 111. As a result, the cooling effect is greater than it is
with a structure in which only one coolant passage 115 is provided. Also, both of the
portions dn both sides of the center portion of the inter-bore partition wall 111 are cooled,
so the entire inter-bore partition wall 111 is able to be cooled more evenly.

[0068)] The example embodiment described above may also be suitably
modified as described below.

[0069] - In the example embodiment described above, a structure is described in

which the depth C of the lower end of the coolant passage 115 is set such that the position
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of the lower end of the coolant passage 115 is at a depth equal to the height of the top ring

when the piston is at TDC. However, the position of the lower end of the coolant
passage 115 does not necessarily have to be at a depth equal to the height of the top ring.

[0070]  That is, coolant can be more intensively circulated to those portions in
particular that require cooling, by positioning the lower end of the coolant passage 115
closer to the height of the top ring when the piston is at TDC. However, the upper
portion of the inter-bore partition wall 111 is able to be cooled even if the position of the
lower end of the coolant passage 115 is offset from the height of the top ring, so the
position of the lower end of the coolant passage 115 does not necessarily have to be equal
to the height of the top ring.

[0071] - In the example embodiment described above, an example in which the
invention is the cylinder block 100 of an inline four cylinder engine is described.
However, the invention may be applied not only to an inline four cylinder engine, but
also to an engine with another cylinder layout, such as a V-type six cylinder (V-6) engine
or a V-type eight cylinder (V-8) engine or the like. In this case, the coolant passage 115
need simply be provided, similar to this example embodiment, in the inter-bore partition
walls in each cylinder back.

[0072] - In the example embodiment described above, a structure is described in
which two coolant passages 115 are provided, one on each side of (i.e., sandwiching) the
center portion of the inter-bore partition wall 111. However, a structure in which one
coolant passage 115 is formed in only one of the portions sandwiching the center portion
of the inter-bore partition wall 111 may also be employed.

[0073] - Also, a structure in which three or more coolant passages 115 are
provided may also be employed.

[0074] - Furthermore, the way in which the coolant passages 115 are arranged in
the inter-bore partition walls 111 may be different. For example, a structure in which
the coolant passages 115 are not provided in some of the inter-bore partition walls 111, or
a structure in which the number of coolant passages 115 provided in each inter-bore

partition wall 111 differs appropriately, may be employed.
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[0075] - In the example embodiment described above, the coolant passage 115 is
formed by a drill hole, but the coolant passage 115 is not limited to being a hole formed
by a drill. In this case, the head-side drill hole 115a and the jacket-side drill hole 115b

may not be holes that are in straight lines.
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CLAIMS:

1. A cylinder block (100) provided with a water jacket (120) formed surrounding a
plurality of cylinder bores (110), and a coolant passage (115) that is inside of an
interfbore partition wall (111) positioned between adjacent cylinder bores (110) and that
guides coolant inside of the water jacket (120) without passing through a center portion
that is a thinnest portion of the inter-bore partition wall (111), characterized in that:

the coolant passage (115) is formed by i) a head-side hole (115a) that opens at a
position away from a center portion of a top surface on a cylinder head (200) side of the
inter-bore partition wall (111) and is formed inclined with respect to an axial direction of
the cylinder bore (110) so as to come (closer to the center portion farther away from the
top surface, and ii) a jacket-side hole (115b) that is communicated with a tip end portion
of the head-side hole (115a) and opens into the water jacket (120) and is formed inclined
with respect to the axial direction from a portion that is communicated with the head-side
hole (115a) toward the opening so as to gradually come closer to the top surface.

2. The cylinder block (100) according to claim 1, wherein a depth (C), in the axial
direction from the top surface of the inter-bore partition wall (111), of a portion where the
head-side hole (115a) is communicated with the jacket-side hole (115b) is set based on a

height of a top ring when a piston is at top dead center.

3. The cylinder block (100) according to claim 1 or 2, wherein the tip end portion of
the head-side hole (115a) is located such that the tip end portion of the head-side hole
(115a) does not interfere with a cylinder liner (112) that forms an inner peripheral surface

of the cylinder bore (110).

4. The cylinder block (100) according to any one of claims 1 to 3, wherein a shortest

length (E) between an opening of the head-side hole (115a) in the top surface of the
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inter-bore partition wall (111) and the cylinder bore (110) is set such that the opening
does not overlap with a seal portion of a cylinder bore peripheral edge of a head gasket

(300).

5. The cylinder block (100) according to any one of claims 1 to 4, wherein an angle

between the head-side hole (115a) and the jacket-side hole (115b) is an acute angle.

6. The cylinder block (100) according to any one of claims 1 to 5, wherein a pair of
the coolant passages (115) is formed in the inter-bore partition wall (111) so as to

sandwich the center portion of the inter-bore partition wall (111).

7. The cylinder block (100) according to claim 6, wherein the two coolant passages
(115) are provided axisymmetrical about the center portion inside the inter-bore partition

wall (111).

8. The cylinder block (100) according to any one of claims 1 to 7, wherein an
inclination of an extension line (L5) of the jacket-side hole (115b) that extends to outside
of the water jacket (120) is set such that the extension line (L5) does not contact a head

bolt boss (160) that forms an outer peripheral side end portion of the water jacket (120).

9. The cylinder block (100) according to any one of claims 1 to 8, wherein the
head-side hole (115a) and the jacket-side hole (115b) are both holes that are in straight

lines.

10. A manufacturing method of a cylinder block (100) provided with a water jacket
(120) formed surrounding a plurality of cylinder bores (110), and a coolant passage (115) |
that is inside of an inter-bore partition wall (111) positioned between adjacent cylinder
bores (110) and that guides coolant inside of the water jacket (120) without passing

through a center portion that is a thinnest portion of the inter-bore partition wall (111),
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characterized by comprising:

forming a head-side hole (115a) at an angle inclined with respect to an axial
direction of the cylinder bore (110) so as to come closer to the center portion farther away
from a top surface on a cylinder head (200) side of the inter-bore partition wall (111),
from a position away from a center portion of the top surface; and

forming a jacket-side hole (115b) at an ar;gle inclined with respect to the axial
direction from a wall surface of the inter-bore partition wall (111) that faces the water
jacket (126) toward a tip end of the head-side hole (115a) so as to gradually come closer
to the top surface, and communicating the head-side hole (115a) with the jacket-side hole

(115b).

11. A cylinder block comprising:

a plurality of cylinder bores (110);

a water jacket (120) formed surrounding the plurality of cylinder bores (110);

an inter-bore partition wall (111) positioned between adjacent cylinder bores (110);

a coolant passage (115) that guides coolant inside of the water jacket (120) without
passing through a center portion that is a thinnest portion of the inter-bore partition wall
(111),

wherein the coolant passage (115) is formed by i) a head-side hole (115a) that opens
at a position away from a center portion of a top surface on a cylinder head (200)'side of
the inter-bore partition wall (111) and is formed inclined with respect to an axial direction
of the cylinder bore (110) so as to come closer to the center portion farther away from the
top surface, and ii) a jacket-side hole (115b) that is communicated with a tip end portion
of the head-side hole (115a) and opens into the water jacket (120) and is formed inclined
with respect to the axial direction from a portion that is communicated with the head-side

hole (115a) toward the opening so as to gradually come closer to the top surface.
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