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(57) Abrege/Abstract:
An oll mist separation mechanism of an internal combustion engine includes an oll mist separation portion being integrally providead
with an internal combustion engine main body at an outer surface thereof, the oll mist separation portion for separating an oll mist
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(57) Abrege(suite)/Abstract(continued):

Included In a blow-by gas sent from the Internal combustion engine main body, and an oll returning portion being connected to the
oll mist separation portion, the oll returning portion returning an oll separated by the oll mist separation portion to an oll stored at a
lower portion of the internal combustion engine main body.
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ABSTRACT
An oil mist separation mechanism of an internal combustion engine includes an oil mist
separation portion being integrally provided with an internal combustion engine main body at
an outer surface thereot, the o1l mist separation portion for separating an oil mist included in a
blow-by gas sent {rom the internal combustion engine main body, and an oil returning portion
being connected to the o1l mist separation portion, the oil returning portion returning an oil
separated by the o1l mist separation portion to an oil stored at a lower portion of the internal

combustion engine main body.



CA 02979032 2017-09-07

OIL MIST SEPARATION MECHANISM OF INTERNAL COMBUSTION ENGINE
TECHNICAL FIELD
[0001] An embodiment of the present invention relates to an o1l mist separation mechanism
of an internal combustion engine.
BACKGROUND ART
[0002]  An oil mist separation mechanism of an internal comb'ustion engine separating an ol
mist included in blow-by gas is known. Such oil mist separation mechanism of the internal
combustion engine is disclosed in, for example, JP2010-159733A.
[0003] [n JP2010-159733A, a lubrication apparatus of the internal combustion engine that
circulates the oil separated from the blow-by gas into an oil pan is disclosed. Such circulation
apparatus of the internal combustion engine includes an oil separator fixed to a lid portion
covering an outer surface of an upper portion of a cylinder block, an oil circulation passage
extending so as to be along an upper surface and a side surface of the cylinder block, and an ol
drain pipe mounted on a bottom end of the oil circulation passage. Accordingly, the oil
separated by the oil separator of the lid portion is returned to oil stored in the oil pan via the oil
circulation passage and the oil drain pipe. Here, in the circulation device of the internal
combustion engine of JP2010-159733A, the oil separator is separately provided relative to the
lid portion.
DOCUMENT OF PRIOR ART
PATENT DOCUMENT
[0004]  Patent document 1: JP2010-159733A
OVERVIEW OF INVENTION

PROBLEM TO BE SOLVED BY INVENTION
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[000S] However, in the circulation apparatus of the internal combustion engine of JP2010-
159733A, because the oil separator is separately disposed relative to the lid portion or the
cylinder block, a problem of the increase of a number of components occurs. In addition, in the
circulation apparatus of the internal combustion engine of JP2010-159733A, because a
manufacturing process for fixing the oil separator to the lid portion is separately required, a
problem of the complication of the manutacturing process occurs.

[0006] The present invention is provided to solve the aforementioned problem, and an
object of the present invention i1s to provide an oil mist separation mechanism of an internal
combustion engine which is able to inhibit an increase of the number of components and a
complication of a manufacturing process.

MEANS FOR SOLVING PROBLEM

[0007] To achieve the above-described object, an oil mist separation mechanism of an
internal combustion engine according to an aspect of the present invention includes an oil mist
separation portion being integrally provided with an internal combustion engine main body at
an outer surface thereof, the oil mist separation portion for separating an oil mist included in a
blow-by gas sent from the internal combustion engine main body, and an oil returning portion
being connected to the oil mist separation portion, the oil returning portion returning an oil
separated by the oil mist separation portion to an oil stored at a lower portion of the internal
combustion engine main body.

[0008]  In the oil mist separation mechanism of the internal combustion engine according to
the aspect of the present invention, as described above, since the oil mist separation portion is
Integrally provided with the internal combustion engine main body on the outer surface thereof,
the increase of the number of components and the complication of the manufacturing process
may be inhibited comparing to a case where the oil mist separation portion is separately

provided from, for example, the engine main body.
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[0009] In the oil mist separation mechanism of the internal combustion engine according to
the aspect of the present invention, favorably, the oil mist separation portion includes an oil
returning hole being connected to the oil returning portion and is integrally provided with the
internal combustion engine main body at an upper surface of the outer surface of the internal
combustion engine main body, and the oil returning portion includes an oil returning passage
having an upper end portion that is connected to the oil returning hole, the oil returning passage
extending downwardly and linearly from the oil returning hole.

[0010] As configured above, since the oil returning passage extends downwardly and
linearly, the oil separated in the oil mist separation portion may be securely moved downwardly
at the oil returning passage by its own weight. Accordingly, the oil may be securely returned to
the oil stored at the lower portion of the internal combustion engine main body. In addition,
since the oil returning passage is formed to extend linearly, the oil returning passage may be
easily formed.

[0011] In the oil mist separation mechanism of the internal combustion engine according to
the aspect of the present invention, favorably, the oil mist separation portion is provided with a
turning structure including a first blow-by gas passage portion sending the blow-by gas in a
first direction, and a second blow-by gas passage portion being connected to the first blow-by
gas passage portion and sending the blow-by gas in a second direction that is opposite to the
first direction. Meanwhile, the first blow-by gas passage portion and the second blow-by gas
passage portion correspond to broad concepts including not only a case where the first blow-by
gas passage portion and the second blow-by gas passage portion linearly extend In
predetermined directions (the first direction and the second direction) but also a case where the

first blow-by gas passage portion and the second blow-by gas passage portion send the blow-by

gas, as a whole, in the predetermined directions while meandering and turning.
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[0012]  As configured above, the length of the passage sending the blow-by gas may be
increased while saving the space of the oil mist separation portion by the turning structure.
Accordingly, the oil mist separation portion may etficiently separate the oil mist from the blow-
by gas while downsizing the o1l mist separation portion.

[0013] In this case, favorably, the oil mist separation portion includes an oil returning hole
being connected to the oil returning portion and being provided in a vicinity of a returning
portion between the first blow-by gas passage portion and the second blow-by gas passage
portion, and a bottom surface portion being inclined downwardly towards the oil returning hole.
[0014]  As configured above, because the oil separated at the o1l mist separation portion may
be easily gathered at the o1l returning hole by the bottom surface portion inclined downwardly
toward the oil returning hole, the separated oil may be easily returned to the oil via the oil
returning portion. Because the oil returning hole ts provided in the vicinity of the returning
position, at least one of the first blow-by gas passage portion and the second blow-by gas
passage portion may send the blow-by gas in a direction that 1s opposite to the flow of the oil
toward the oil returning hole. Accordingly, because the o1l mist included in the blow-by gas
may be easily absorbed by the oil flowing in the opposite direction, the oil mist may be more
efficiently separated from the blow-by gas.

[0015] In the oil mist separation mechanism of the internal combustion engine according to
the aspect of the present invention, favorably, the internal combustion engine main body is
configured such that a sliding direction of a piston 1s along with a horizontal direction, and the
oil mist separation portion includes a blow-by gas inlet opening downwardly, and a  partition
wall being provided so as to separate a crankshaft and the blow-by gas inlet of the internal
combustion engine main body from each other.

[0016] As configured above, the oil supplied to the crankshaft flies upwardly by the

centrifugal force by the rotation of the crankshaft, and is inhibited from directly entering the oil
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mist separation portion from the blow-by gas inlet opening downwardly by the partition wall
separating the crankshatt and the blow-by gas inlet from each other.

[0017]  In the oil mist separation mechanism of the internal combustion engine according to
the aspect of the present invention, favorably, the oil mist separation portion includes an oil
returning hole being provided in a vicinity of a bottom portion of a bottom surface portion of
the oil mist separation portion and being connected to the o1l returning portion.

[0018]  As configured above, since the liquetied oil may be easily gathered at the oil
returning hole, the o1l may be securely returned to the oil.

[0019]  In this case, favorably, the o1l returning portion includes an upper end portion that is
connected to the oil returning hole and a lower end portion that 1s soaked 1n the oil; and the ol
returning portion includes a diameter ot a passage in which an oil is not sucked up by manifold
vacuuin.

[0020]  As configured above, the oil stored at the lower portion of the internal combustion
engine main body may be inhibited from returning to the oil mist separation portion via the oil
returning portion.

[0021]  In the configuration in which the otl mist separation portion i1s provided with the first
blow-by gas passage portion and the second blow-by gas passage portion, favorab]y, at least
one of the first blow-by gas passage portion and the second blow-by gas passage portion

includes a labyrinth structure.

[0022]  As configured above, the length of the passage in which the blow-by gas flows may
be efficiently increased while saving space ot the oil mist separation portion.

[0023]  In the oil mist separation mechanism of the internal combustion engine according to
the aspect of the present invention, favorably, the internal combustion engine main body is a
stationary type or a movable type.

[0024] As configured above, comparing to an internal combustion engine main body
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mounted on, for example, a vehicle, because the mounted state (for example, inclination) of the
iInternal combustion engine main body may be inhibited from changing in response to the
driving state of the vehicle, the connection portion of the oil returning portion may be inhibited
from exposing upwardly relative to the surface of the oil stored at the lower portion of the
internal combustion engine main body. Accordingly, the internal combustion engine main
body may be used in a state where the blow-by gas is securely inhibited from entering the oil
mist separation portion via the oil returning portion.

BRIEF DESCRIPTION OF DRAWINGS

[0025]  [Fig. 1] 1s a perspective view of an engine according to a first embodiment of the
present imvention;

[Fig. 2] 1s a top view of the engine according to the first embodiment of the present invention;
[F1g. 3] 1s a cross sectional view taken along line 300-300 in Fig. 2;

|[Fig. 4] 1s a top view i1llustrating an oil mist separation portion in a state where a lid is removed
according to the first embodiment of the present invention;

|[Fig. 5] 1s a cross sectional view of the oil mist separation portion taken along line 310-310 in
Fig. 2;

[Fig. 6] 1s a cross sectional view of a cylinder block taken along line 320-320 in Fig. 2;

[Fig. 7] 1s a back view illustrating a cylinder block according to the first embodiment of the
present invention;

[Fig. 8] is a top view of an engine according to a second embodiment of the present invention;
and

[Fig. 9] is a top view illustrating an oil mist separation portion in a state where a lid is removed
according to the second embodiment of the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0026]  [First embodiment]
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(The configuration of an engine)

First of all, an engine 100 according to a first embodiment of the present invention will be
explained with reference to Figs. 1 to 7. Hereinafter, an extending direction of a crankshaft 4
(see Fig. 2) corresponds to a X direction, a direction orthogonal to the crankshaft 4 corresponds
to a Y direction, and an upper and lower direction corresponds to a Z direction.

[0027] The engine 100 according to the first embodiment of the present invention
corresponds to a stationary engine fixedly disposed, and is mainly used in a generator. As
illustrated in Figs. 1 and 2, the engine 100 includes an engine main body 10 being made of an
aluminum alloy and including a cylinder head cover 1, a cylinder block 2 integrally provided
with a cylinder head, and an oil pan 3. The cylinder block 2 of the engine main body 10 is
configured to be molded by molding at a time. Alternatively, the cylinder block 2 may be
separately provided from the cylinder head. The engine 100 and the engine main body 10 are
examples of an internal combustion engine and an internal combustion engine main body of the
present invention, respectively.

[0028]  For example, a valve mechanism (not illustrated) is disposed inside the cylinder head
cover 1. It i1s configured such that an intake air (air-fuel mixture of an outer air, a fuel, and a
blow-by gas) is introduced to a combustion chamber R of the cylinder head cover 1 from one
side (X1 side) of the cylinder head cover 1, and such that an exhaust air from the combustion
chamber R 1s exhausted from the other side (X2 side) of the cylinder head cover 1. Inside the
cylinder block 2 that 1s connected to a rear (Y2 side) of the cylinder cover 1, as illustrated in
Fig. 3, a cylinder 2a in which a piston 11 reciprocates in the Y direction of a horizontal
direction orthogonal to the upper and lower direction, and a water jacket 2b surrounding the
cylinder 2a while having a partition wall therebetween are formed. The water jacket 2b is

configured such that a cooling water (coolant (antifreeze solution)) for cooling the cylinder 2a

circulates.
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[0029] A crank chamber C is formed at a rear portion of the engine main body 10 by the
cylinder block 2 and the oil pan 3 connected to the rear of the cylinder block 2. In the crank
chamber 3, a crank shaft 4 being connected so as to be rotatabie in an A direction via the piston
11 and a connecting rod 12 1s disposed. The crank shaft 4 extends along the X direction. In
addition, an oil reservoir portion S storing oil 1s provided at a lower portion (Z2 side) of the
crank chamber C. The oil in the oil reservoir portion S 1s pumped up from the oil reservoir
portion S by an oil pump (not illustrated) and 1s returned to the otl reservoir portion S aftter
lubricating sliding portions of a valve-type timing member (not illustrated) such as a camshatt
and an outer circumferential surface of the piston 11.

[0030] Gas (blow-by gas) within the combustion chamber R enters into the crank chamber C
via a slight clearance between the cylinder 2a and the piston 11. Here, an o1l mist separation
mechanism M is provided at the engine 10 for separating and returning the oil included in the
blow-by gas to the oil reservoir portion S when the blow-by gas passes through the slight
clearance or in the crack chamber C in a case where the blow-by gas 1s returned to the intake
air. Accordingly, the consumption of the oil may be inhibited from increasing. In addition, the
oil mist separation mechanism M includes an o1l mist separation portion 22 for separating the
oil mist included in the blow-by gas from the crank chamber C of the engine main body 10, and
an oil returning portion 26 returning the oil separated by the oil mist separation portion 22 to
the o1l stored 1n the o1l reservoir portion C at the lower portion of the engine main body 10.
[0031] [Configuration of the o1l mist separation portion]

Here, in the first embodiment, as shown in Fig. 3, the o1l mist separation portion 22 is integrally
provided with the cylinder block 2 at an upper surface 21 ot an outer surface 20 ot the cylinder
block 2 (the engine main body 10). The o1l mist separation portion 22 is integrally molded with

the cylinder block 2 when the cylinder block 2 1s molded. Furthermore, the oil mist separation
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portion 22 is covered by a sheet metal-shaped lid 5 that is separately provided from the engine
main body 5 from upward (Z1 side).

10032]  The oil mist separation portion 22 is provided at a void space of the cylinder block 2
that does not interfere with other components of, for example, the water jacket 2b. Here, in a
case where an o1l mist separation portion i1s provided at a lid, a case where the lid cannot be
mounted on the cylinder block due to the interterence between the oil mist separation portion of
the lid and the outer surface of the cylinder block depending on the configuration change of the
cylinder block may occur. In this case, the configuration of not only the lid but also the oil
returning portion 1s required to change, and as a result, the configuration change of both of the
lid and the cylinder block 1s required. On the other hand, according to the first embodiment,
because the oil mist separation portion 22 is integrally provided with the cylinder block 2 at the
void space of the cylinder block 2, only the configuration of the cylinder block 2 has to be
changed without the change of the configuration of the lid 5.

[0033]  As illustrated in Figs. 4 and 5, the oil mist separation portion 22 includes a bottom
surface portion 23, an outer wall portion 24 extending upward from the bottom surface portion
23 and forming an outer rim portion of the oil mist separation portion 22, and an inner wall
portion 25 extending upward from the bottom surface portion 23 and forming an inner side of

the outer wall potion 24. As tllustrated in Figs. 3 and 5, the bottom surface portion 23 is

formed so as to be inclined downward (Z2 side) by an angle « (for example, approximately 1

or 2 degrees, see Figs. 3 and 5) from a rear (Y2 side) towards a front (Y1 side).
[0034] A blow-by gas inlet 23a passing through (opening downwardly) the cylinder block 2
in the upper and lower direction 1s provided in the vicinity of a corner portion of the bottom

surface portion 23 at the Y2 side and the X1 side. The blow-by gas inlet 23a is provided to

introduce the blow-by gas from the crack chamber C (see Fig. 3) to the oil mist separation

portion 22.
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[0035] As shown in Fig. 4, an oil returning hold 23b passing through the cylinder block 2 in
the upper and lower direction 1s provided in the vicinity of the corner portion of the bottom
surface portion 23 at the Y1 side and the X1 side. The oil returning hole 23b 1s provided to
remove the hiquid oil separated from the oil mist at the oil mist separation portion 22 from the
oil mist separation portion 22. In addition, because the bottom surtace portion 23 is inclined
downward from the Y2 side toward the Y1 side, the o1l returning hole 23b 1s provided in the
vicinity of a bottom portion ot the bottom surface portion 23 of the oil mist separation portion
22.

[0036]  As illustrated in Figs. 2 and 4, a blow-by gas outlet 5a passing through (opening
upwardly) the lid 5 in the upper and lower direction 1s provided in the vicinity of the corner
portion of the lid 5 at the Y2 side and the X2 side. The blow-by gas outlet 5a is provided to
remove the blow-by gas, in which the o1l mist is separated, from the o1l mist separation portion
22. Further, as illustrated in Fig. 5, a hose 6a 1s connected to the blow-by gas outlet 5Sa.
Accordingly, 1t is configured such that the blow-by gas of the oil mist separation portion 22 is
returned to the intake air which is after the blow-by gas of the oil mist separation portion 22
passes through an air cleaner 6 via the hole 6a. As such, because the o1l mist separation portion
22 1s connected to the intake air system, the inside of the o1l mist separation portion 22 includes
a pressure that i1s lower than that of the crank chamber C by manifold vacuum.

[0037]  An upper end surtface (an end surface ot the Z side) of the outer wall portion 24 and

an upper end surface of the inner wall portion 25 are formed so as to be positioned at a
substantially the same height in the upper and lower direction. In addition, the upper end
surface of the outer wall portion 24 and the upper end surface of the inner wall portion 25 are

configured so as to be in contact with a bottom surface of the lid 5. Accordingly, a first
passage portion 22a, a second passage portion 22b, and a turning passage portion 22¢ that will

be described later are configured to be partitioned.

10



CA 02979032 2017-09-07

[0038]  As illustrated in Fig. 4, the outer wall portion 24 1s formed in a frame shape, and is
formed in a substantially quadrilateral shape excluding the corner portion at the Y1 side and the
X1 side. The outer wall portion 24 is provided with plural screw holes 24a. Accordingly, as
shown in Fig. 2, the lid 5 is mounted on the o1l mist separation portion 22 by plural bolts 7.
The lid 5 is configured to be able to be removed upwardly from the oil mist separation portion
22 by the removal of the bolts 7. Accordingly, the maintenance such as a cleaning of an inside
of the oil mist separation portion 22 may be easily performed by removing the lid 5 and
confirming a state inside the oil mist separation portion 22 (for example, a state whether the o1l
is blocked) from upward.

[0039]  As illustrated in Fig. 4, the inner wall portion 25 include a first inner wall portion
25a at a substantial center of the engine main body 10 in the X direction, the first inner wall
portion 25a extending from the outer wall portion 24 at the Y2 side towards the Y1 side.
Accordingly, the oil mist separation portion 22 1s provided with a turning structure including
the first passage portion 22a at the X1 side relative to the first inner wall portion 25a, the
second passage portion 22b at the X2 side relative to the first inner wall portion 25a, and the
turning passage portion 22¢ at the Y1 side. The first passage portion 22a and the second
passage portion 22b are examples of a first blow-by gas passage portion and a second blow-by
gas passage portion of the present invention, respectively.

[0040]  Both the first passage portion 22a and the second passage portion 22b extend along
the Y direction at Y2 side relative to the turning passage portion 22c¢. The turning passage
portion 22¢ extends along the X direction so as to connect the first passage portion 22a and the
second passage portion 22b in the vicinity of the outer wall portion 24 at the Y1 side. In
addition, an o1l returning hole 23b is provided at an end portion of the turning passage portion

22¢ at the X1 side.

| ]
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[0041]  The inner wall portion 25 includes plural (two) second inner wall portions 25b at the
first passage portion 22a, the second inner wall portions 25b extending from the outer wall
portion 24 at the X1 side towards the first inner wall portion 25a at the substantially the center
in the X direction, and plural (two) third inner wall portions 25¢ at the first passage portion 22a,
the third inner wall portions 25¢ extending from the first inner wall portion 25a towards the
outer wall portion 24 at the X1 side. The second inner wall portions 25b and the third inner
wall portions 25c¢ are alternately disposed in the Y direction. As a result, the first passage
portion 22a 1s formed in a labyrinth (maze) structure. A blow-by gas inlet 23a 1s provided at
one end portion of the first passage portion 22a, which is formed in the labyrinth structure, at
the Y2 side, and the other end portion at the Y1 side is connected to an end portion of the
turning passage portion 22¢ at the X1 side.

[0042]  Similarly, the inner wall portion 25 includes plural (two) fourth inner wall portions
25d at the second passage portion 22b, the fourth inner wall portions 25d extending from the
outer wall portion 24 at the X2 side toward the first inner wall portion 25a at the substantially
the center in the X direction, and plural (two) five inner wall portions 25¢ at the second passage
portion 22b, the five inner wall portions 25¢ extending from the first inner wall portion 25a
towards the outer wall portion 24 at the X2 side. The fourth inner wall portions 25d and the
fifth inner wall portions 25¢ are alternately disposed in the Y direction. As a resuit, the second

passage portion 22b 1s formed in the labyrinth structure. Meanwhile, a blow-by gas outlet 5a is
provided at one end portion of the second passage portion 22b, which is formed in the labyrinth

structure, at the Y2 side, and the other end portion at the Y1 side is connected to an end portion
ot the turning passage portion 22¢ at the X2 side.

[0043]  Accordingly, the o1l mist separation portion 22 extends serpiginously by the
labyrinth structure and the turning structure of the first passage portion 22a and the second

passage portion 22b. As a result, the fine particle oil mist may be efficiently collected and

[2
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liquetied from the blow-by gas retained in an inner space of the oil mist separation portion 22.
Further, in the oil mist separation portion 22, the o1l mist is separated from the blow-by gas by
an inertia crush relative to the outer wall portion 24 and the inner wall portion 25. By the
bottom surface portion 23 inclined downward from the Y2 side towards the Y1 side, the
separated liquid oil on the bottom surface portion 23 substantially flows towards the Y1 side
within the first passage portion 22a and the second passage portion 22b. The oil is gathered in
the oil returning hole 23b provided 1n the vicinity of the bottom portion of the bottom surface
portion 23 of the oil mist separation portion 22.

[0044] Here, the tlow of the blow-by gas in the oil mist separation portion 22 will be
explained. In the oil mist separation portion 22, the blow-by gas enters from the blow-by gas
nlet 23a provided at the bottom surtace portion 23 at the Y2 side and the X1 side. Then, the
blow-by gas flows serpiginously in the first passage portion 22a in the Y1 direction. The blow-
by gas tlowing to the end portion of the first passage portion 22a at the Y1 side flows in the
turning passage portion 22¢ in the X2 direction. Then, the blow by gas flowing to the end
portion of the turning passage portion 22¢ at the X2 side flows serpiginously in the second
passage portion 22b towards the Y2 direction (opposite direction of the Y1 direction). Then,
the blow-by gas is returned to the intake air via the hose 6a from the blow-by gas outlet 5a of
the 1id 5 provided in the vicinity of the corner portion at the Y2 side and the X2 side. The Y1
direction and the Y2 direction are examples of a first direction and a second direction of the
present invention, respectively.

[0045]  {The configuration of the oil returning portion]

As shown 1n Fig. 6, an oil returning portion 26 is provided at the X1 side of the cylinder block
2 (the engine main body 10) of the engine main body 10. One end portion of the oil returning
portion 26 1s connected to an o1l returning hole 23b of the oil mist separation portion 22, and

the other end portion of the oll returning portion 26 is connected to a connection hole 2¢

13



CA 02979032 2017-09-07

provided lower than an otl surface of an oil reservoir portion S of the cylinder block 2.
Accordingly, the oil separated by the oil mist separation portion 22 is configured to be returned
to the oil stored in the oil reservoir portion S provided at the lower portion of the engine main
body 10.

[0046]  Here, in a case where the connection hole 2¢ of the oil reservoir portion S is provided
upper than the oil surface, the blow-by gas may enter the oil mist separation portion 22 via the
oil returning portion 26 due to the manifold vacuum. In such a case, the oil mist may not be
separated sufficiently. On the other hand, in the first embodiment, because the other end
portion of the oil returning portion 26 is connected to the connection hole 2¢ provided lower
than the oil surface of the oil reservoir portion S of the cylinder block 2, the blow-by gas is
securely inhibited from entering the oil mist separation portidn 22 via the o1l returning portion
26.

0047}  Furthermore, in the first embodiment, the oil returning portion 26 consists of a first
returning passage 26a extending along the Z direction, and a second returning passage 26b
extending along the X direction. The first returning passage 26a includes an upper end portion
that 1s connected to the oil returning hole 23b and extends linearly and downwardly (Z2
direction) from the oil returning hole 23b. A lower end portion of the first returning passage
20a 1s connected to the second returning passage 26b. In addition, the first returning passage
26a 1s formed in the vicinity of the outer surface 20 of the cylinder block 2 at the X1 side. The
first returning passage 26a is an example of an oil returning passage portion of the present
invention.

[0048]  The second returning passage 26b is formed lower than the oil surface of the oil
reservoir portion S. The second returning passage 26b extends linearly from the outer surface

20 of the cylinder block 2 at the X1 side toward the X2 side, and the end portion of the second

returning passage 26b at the X2 side is connected to the connection hole 2¢. Furthermore, a
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cap 8 is fitted to the end portion of the second returning passage 26b at the X1 side for
inhibiting the o1l leakage.

[0049]  The first returning passage 26a and the second returning passage 26b are able to be
formed easily by a linear punching process after the cylinder lock 2 is molded by the molding.
[0050] A diameter D1 of the first returning passage 26a and a diameter D2 of the second
returning passage 26b include a size with which the oil cannot be sucked up from the oil
reservoir portion S towards the oil mist separation portion 22 by the manifold vacuum.
Because the manifold vacuum differs by the size and the amount of the intake air of the engine
100, the size of the diameter D1 and the diameter D2 is adjusted so as to correspond to each
mantfold vacuum of the engine 100.

[0051]  [The configuration of a partition wall]

As shown in Figs. 3 and 7, a partition wall 28 is integrally provided with the engine main body
10 at an inner surtace 27 of the cylinder block 2 (the engine main body 10) of the engine main
body 10. The partition wall 28 is provided so as to separate the crankshaft 4 and the blow-by
gas inlet 23a from each other. In particular, as shown in Fig, 7, the partition wall 28 includes a
first partition wall 28a provided at the Z2 side relative to the blow-by gas inlet 23a and
extending toward Y2 side relative to a forming position of the blow-by gas inlet 23a, and a
second partition wall 28b provided at the X2 side relative to the blow-by gas inlet 23a and
extending toward the Y2 side relative to the forming position of the blow-by gas inlet 23a. As
a result, the partition wall 28 is formed in an L-shape when seen from Y2 side.

[00S2]  Here, as illustrated in Fig. 3, the oil supplied to the crankshaft 4 rotating in the A
direction is scattered as a liquid drop in the Z1 direction and in the Y2 direction by a centrifugal
force based on the rotation of the crankshaft 4. However, the oil is inhibited from entering the
blow-by gas inlet 23a directly by blocking the oil scattering by the partition wall 28a that

extends to the Y2 side relative to the forming position of the blow-by gas inlet 23a. Both of the
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first partition wall 28a and the second partition wall 28b are integrally formed with the cylinder
block 2 when the cylinder block 2 1s molded.

(0053] The first partition wall 28a is inclined only by an angle S (for example,

approximately 1 to 2 degrees) downwardly from the Y1 side toward the Y2 side. Accordingly,
even in a case where the ol i1s discharged from the o1l mist separation portion 22 to the upper
surface of the first partition wall 28a via the blow-by gas inlet 23a, the o1l flows on the inclined
upper surface of the first partition wall 28a towards the Y2 side, drops from the end portion of
the first partition wall 28a at the Y2 side, and 1s returned to the oil reservoir portion S.
Accordingly, the oil may be inhibited from accumulating on the partition wall 28.

{0054}  [Eftects of the first embodiment]

[n the first embodiment, the following effects may be obtained.

[00S5] In the first embodiment, as described above, because the o1l mist separation portion
22 is integrally provided with the engine main body 10 at the outer surface 20 of the engine
main body 10, the increase of the number of components and the complication of the
manufacturing process when the oil mist separation mechanism M 1s provided may be inhibited
comparing to a case where the oil mist separation portion 22 is separately provided from the
engine main body 10.

[00S6]  In the first embodiment, the oil mist separation portion 22 is integrally provided with
the engine main body 10 on the upper surface 21 of the outer surface 20 of the engine main
body 10. In addition, the oil returning portion 26 includes the first returning passage 26a that
includes the upper end portion being connected to the oil returning hole 23b of the oil mist
separation portion 22, and that extends downwardly (in the Z2 direction) and linearly from the
oil returning hole 23b. Accordingly, because the first returning passage 26a extends

downwardly and linearly, the oil separated at the o1l mist separation portion 22 may be securely

moved downwardly at the first returning passage 26a by its own weight. Accordingly, the oil
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may be securely returned to the oil stored at the lower portion of the engine main body 10. In
addition, because the first returning passage 26a is formed to extend linearly, the first returning
passage 26a may be easily formed.

[0057]  In the first embodiment, the oil mist separation portion 22 is provided with the
turning structure including the first passage portion 22a sending the blow-by gas in the Y
direction, and the second passage portion 22b connected to the first passage portion 22a via the
turning passage portion 22¢ and sending the blow-by gas in the Y2 direction. Accordingly, the
length of the passage sending the blow-by gas may be increased while saving the space of the
o1l mist separation portion 22. Accordingly, the oil mist separation portion 22 may efficiently
separate the oil mist from the blow-by gas while downsizing the oil mist separation portion 22.
[0058]  In the first embodiment, the oil mist separation portion 22 includes the oil returning
hole 23b connected to the oil returning portion 26 and provided. in the vicinity of the turning
position (the turning passage portion 22c¢) of the first passage portion 22a and the second
passage portion 22b, and the bottom surface portion 23 inclined downwardly towards the oil
returning hole 23b. Accordingly, because the oil separated at the oil mist separation portion 22
may be easily collected to the oil returning hole 23b by the bottom surface portion 23 inclined
downwardly toward the oil returning hole 23b, the separated oil may be easily returned to the
oil via the oil returning portion 26. Because the oil returning hole 23b is provided in the‘
vicinity of the returning position (the turning passage portion 22c¢), the second passage portion
22b may send the blow-by gas in the Y2 direction that is opposite to the flow of the oil in the
Y 1 direction toward the oil returning hole 23b. Accordingly, because the oil mist included in
the blow-by gas may be easily absorbed by the oil flowing in the opposite direction, the oil mist
may be more efficiently separated from the blow-by gas.

[0039]  In the first embodiment, the sliding direction of the piston 11 is along a horizontal

direction (Y direction). The oil mist separation portion 22 includes the blow-by gas inlet 23a
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opening downwardly. In addition, the partition wall 28 is provided so as to separate the crank
shaft 4 and the blow-by gas inlet of the engine main body 10 from each other. Accordingly, the
oil supplied to the crankshaft 4 flies upwardly by the centrifugal force by the rotation of the
crankshaft 4, and is inhibited from flowing directly to the oil mist separation portion 22 from
the blow-by gas inlet 23a opening downwardly by the partition wall 28 separating the
crankshatt 4 and the blow-by gas inlet 23a from each other.

[0060]  In the first embodiment, because the oil returning hole 23b of the oil mist separation
portion 22 1s provided in the vicinity of the bottom portion of the bottom surface portion of the
oil mist separation portion 22, the liquefied o1l may be easily collected to the oil returning hole
23b, thereby the oil may be securely returned to the oil.

[0061]  In the first embodiment, the diameter D1 of the first returning passage 26a and the
diameter D2 of the second returning passage 26b are formed to include the size with which the
oil cannot be sucked up from the oil reservoir portion S towards the oil mist separation portion
22 by the manifold vacuum. Accordingly, the oil stored in the oil reservoir portion S at the
lower portion of the engine main body 10 may be inhibited from returning to the oil mist
separation portion 22 via the first returning passage 26a and the second returning passage 26b.
[0062]  In the first embodiment, because the first passage portion 22a and the second passage
portion 22b both include the labyrinth structure, the length of the passage in which the blow-by
gas tlows may be efficiently increased while saving space of the oil mist separation portion 22.
[0063] In the first embodiment, because the engine 100 corresponds to a stationary engine,
comparing to an engine mounted on, for example, a vehicle, the mounted state (for example,
inclination) of the engine may be inhibited from changing in response to the driving state of the
vehicle, and thereby the connection portion 2¢ between the oil returning portion 26 and the oil

reservolr portion S may be inhibited from exposing upwardly relative to the surface of the oil.

Accordingly, the engine 100 may be used in a state where the blow-by gas is securely inhibited
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from entering the oil mist separation portion 22 via the oil returning portion 26.

[0064] In the first embodiment, because the oil mist separation portion 22 and the oil
returning portion 26 are integrally provided with the engine main body 10, the positioning of
the oil returning hole 23b and the oil returning portion 26 (the first returning passage 26a) of
the o1l mist separation portion 22 does not have to be performed comparing to a case where an
oil mist separation portion fixed on a lid is disposed on the cylinder block (in a case of JP2010-
159733A). Accordingly, the manufacturing process in which the lid and the cylinder block 3
are fixed to each other may be inhibited from being complicated. :

[0065] [A second embodiment]

Next, a second embodiment will be explained with reference to Figs. 6, 8, and 9. In the second
embodiment, an example in which a configuration of a blow-by gas passage portion ot an oil
mist separation portion 122 is different from that of the blow-by gas passage portion of the oil
mist separation portion 22 of the first embodiment will be explained. In the figures, the same
configuration as that of the first embodiment includes reference numerals that are marked with
the same reference numerals as those described in the first embodiment.

[0066] An o1l mist separation mechanism Ma of an engine 200 according to the second
embodiment of the present invention includes the o1l mist separation portion 122 and the oil
returning portion 26 (see Fig. 6). The o1l mist separation portion 122, as shown in Fig. 8, is
integrally provided with a cylinder block 102 on the upper surface 21 of the outer surtace 20 of
the cylinder block 102 of the engine main body 10. The oil mist separation portion 122 is
covered with a sheet metal-shaped lid 105 from upward (Z1 side). The engine 200 and an
engine main body 110 are examples of an internal combustion engine and an internal
combustion engine main body of the present invention, respectively.

[0067] [A configuration of the o1l mist separation portion ]

As shown In Fig. 9, the oil mist separation portion 122 includes the bottom surface portion 23,
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the outer wall portion 24, and an inner wall portion 125 formed inside the outer wall portion 24.
The blow-by gas inlet 23a is provided in the vicinity of the corner portion of the bottom surface
portion 23 at the Y2 side and the X1 side. The oil returning hole 23b is provided in the vicinity
ot the corner portion of the bottom surface portion 23 at the Y1 side and the X1 side.

[0068] A blow-by gas outlet 105a passing through (opening upwardly) the lid 105 in the
upper and lower direction is provided in the vicinity of the corner portion of the lid 105 at the
Y1 side and the X2 side. In addition, the blow-by gas outlet 105a is provided in the vicinity of
direct above of the o1l returning hole 23b and is connected to a hose (not illustrated).

[0069]  The inner wall portion 1235 includes a first inner wall portion 125a being provided at
a posttion displaced to the Y2 side, and extending from the outer wall portion 24 at the X1 side
towards the X2 side. Accordingly, the oil mist separation portion 122 is provided with the
turning structure including a first passage portion 122a at the Y2 side relative to the first inner
wall portion 125a, a second passage portion 122b at the Y1 side relative to the first inner wall
portion 125a, and a turning passage portion 122c at the X2 side. Both of the first passage
portion 122a and the second passage portion 122b extend along the X direction at the X1 side
relative to the turning passage portion 122c¢. The turning passage portion 122c¢ extends along
the Y direction so as to connect the first passage portion 122a and the second passage portion
[22b with each other in the vicinity of the outer wall portion 24 at the X2 side. The first
passage portion 122a and the second passage portion 122b are examples of the first blow-by
gas passage portion and the second blow-by gas passage portion of the present invention.
[0070]  The first passage portion 122a linearly extends along X direction. That is, the first
passage portion 122a is not formed in the labyrinth structure. The blow-by gas inlet 233 is
disposed at one end portion of the first passage portion 122a at the X1 side, and an end portion

of the turning passage portion 122c¢ at the Y2 side is connected to the other end portion of the

first passage portion 122a at the X2 side.
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0071}  The inner wall portion 125 includes plural (tive) second inner wall portions 125b
extending from the outer wall portion 24 at the Y1 side towards the first inner wall portion
125a at the Y2 side, and plural (five) third inner wall portions 125¢ extending from the first
inner wall portion 125a towards the outer wall portio.n 24 at the Y1 side. The second inner wall
portions 125b and the third inner wall portions 125¢ are disposed alternately in the X direction.
As a result, the second passage portion 122b is formed in the labyrinth structure. The oil
returning hole 23b and the blow-by gas outlet 105a are disposed at one end portion of the
second passage portion 122b which is formed in the labyrinth structure at the X1 side, and the
other end portion of the second passage portion 122b at the X2 side is connected to an end
portion of the turning passage portion 122c¢ at the Y1 side.

[0072]  Accordingly, the oil mist separation portion 122 extends serpiginously by the first
passage portion 122a, the labyrinth structure of the second passage portion 122b, and the
turning structure. Other configurations of the engine 200 according to the second embodiment
are the same as those of the aforementioned first embodiment.

[0073]  [Ettects of the second embodiment]

In the second embodiment, the following effects may be obtained.

[0074]  In the second embodiment, because the oil mist separation portion 122 is integrally
provided with the engine main body 110 at the outer surface 20 of the engine main body 110,
the increase of the number of components, and the complication of the manufacturing proceés
when the o1l mist separation mechanism Ma is provided may be inhibited which is the same as
the first embodiment.

[0075]  In the second embodiment, because the blow-by gas outlet 105a is provided in the
vicinity of direct above of the oil returning hole 23, the flow of the blow-by gas flowing
towards the blow-by gas outlet 105a may be used as a driving force for sending the oil

separated at the o1l mist separation portion 122 towards the oil returning hole 23b. Accordingly,
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the separated oil may be eastly collected to the oil returning hole 23b. Other effects of the
second embodiment are the same as those of the first embodiment,

[0076] [Modified example]

The embodiments disclosed here should be thought as examples in all respects and be not
limited thereto. The scope ot the present invention is disclosed by the scope of the claim and is
not described by the explanation of the aforementioned embodiment, and includes the scope of
the claim and the meaning of the equivalents, and any modification (modified examples) within
the scope.

[0077] For example, in the first and second embodiments, examples in which the oil mist
separation mechanism M(Ma) 1s used in the stationary engine 100 (200) fixedly mounted are
disclosed, however, the present invention is not limited thereto. In the present invention, the oil
mist separation mechanism of the present invention may be applied to an internal combustion
engine main body of other than the stationary engine. For example, an oil mist separation
mechanism of the present invention may be applied to a movable internal combustion engine
main body that can be carried when not in use while being fixedly mounted by being placed on
a ground when 1n use. The o1l mist separation mechanism of the present invention is especially
favorable for the internal combustion engine main body fixedly mounted when at least in use.
In addition, the oil mist separation mechanism of the present invention may be applied to an
internal combustion engine main body of a vehicle and a vessel that travel.

[0078]  Examples in which the first passage portion 22a and the second passage portion 22b
are formed in the labyrinth structure in the aforementioned first embodiment, and the second
passage portion 122b is formed in the labyrinth structure in the aforementioned second
embodiment are disclosed, however, the present invention is not limited thereto. In the present
convention, neither the first blow-by gas passage portion nor the second blow-by gas passage

portion may be formed in the labyrinth structure. The oil mist separation portion of the present
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Invention has only to be integrally provided with the engine main body at the outer surface of
the engine main body, and the structure for separating the oil mist from the blow-by gas is not
specifically limited.

[0079]  In the aforementioned first embodiment, an example in which the L-shaped partition
wall 28 is disposed 1s disclosed, however, in the present invention, is not limited thereto. In the
present invention, the partition wall has only to separate the crankshaft and the blow-by gas
Inlet from each other, and does not have to be formed in the L-shape. For example, the
partition wall may be formed so as to extend perpendicularly to separate the crankshaft and the
blow-by gas inlet from each other.

[0080] In the first and second embodiments, an example in which the oil returning portion
26 1ncludes the first returning passage 26a extending along the Z direction and the second
returning passage 260b extending along the X direction is disclosed, however, the present
invention 1s not limited thereto. In the present invention, the oil returning portion may be
configured only with the first o1l returning passage extending along the Z direction by forming
the oil reservoir portion to be positioned directly below the oil returning hole. Accordingly,

because the second o1l returning passage does not have to he provided, the number of linear

drilling process may be reduced.

[0081]  In addition, in the first and second embodiments, examples in which the oil returning

portion 26 is provided at the cylinder block 2 (102) are disclosed, however, the present

invention 1s not limited thereto. In the present invention, the oil returning portion may be
conﬁgured by a hose that i1s separately provided from the cylinder block. Accordingly,
comparing to a case where the complicated process is required for the integral configuration of
the o1l returning portion with the cylinder block, because the oil returning portion may be
formed only by attaching the hose to the cylinder block, the manufacturing process of the oil

mist separation mechanism may be simplified.
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[0082] In addition, in the aforementioned first and second embodiments, examples in which
the otl mist separation portion 22 (122) 1s integrally provided with the cylinder block 2 (102),
however, the present invention 1s not limited thereto. In the present invention, the o1l mist
separation portion may be provided at the engine main body other than the cylinder block. For
example, the o1l mist separation portion may be provided at a cylinder head cover or an oil pan.
[n a case where the cylinder block is separately provided from the cylinder head, the oil mist
separation portion may be provided at the cylinder head.

[0083] In addition, in the first and second embodiments, an example in which the first
(second) blow-by gas passage portion is formed to extend in the horizontal direction, however,
the present invention 1s not limited thereto. In the present invention, the first (second) blow-by
gas passage portion may extend in the upper and lower direction. The first blow-by gas
passage portion and the first (second) blow-by gas passage portion may be stacked in the upper
and lower direction, and the turning passage portion may be formed to extend in the upper and
lower direction so as to connect the first blow-by gas passage portion and the second blow-by
gas passage portion.

[0084]  In the o1l mist separation portion 22 (122) of the first and second embodiments, an
absorbent absorbing the oil may be disposed on the top surface portion 23. Accordingly, the oil
separated from the o1l mist may be securely collected. As the absorbent, an absorbing mat, a

metal scrubbing brush, and a perforated metal may be used.

EXPLANATION OF REFERENCE NUMERALS

[0085] 10, 110: engine main body (internal combustion engine main body), 20: outer
surface, 21: upper surface, 22, 122: oil mist separation portion, 22a, 122a: first passage portion
(first blow-by gas passage portion), 22b, 122b: second passage portion (second blow-by gas

passage portion), 23b: oil returning hole, 26: oil returning portion, 26a: first oil returning
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passage portion (oil returning passage), 100, 200: engine (internal combustion engine main

body), M, Ma: o1l mist separation mechanism
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CLAIMS

What i1s claimed is:

1. An oil mist separation mechanism of an internal combustion engine, comprising:

an oil mist separation portion being integrally provided with an internal
combustion engine main body at an outer surface thereof, the oil mist separation portion for
separating an oil mist included in a blow-by gas sent from the internal combustion engine main
body; and

an oil returning portion being connected to the oil mist separation portion, the oil
returning portion returning an oil separated by the oil mist separation portion to an oil stored at
a lower portion of the internal combustion engine main body, wherein

the o1l mist separation portion ts provided with a turning structure including a first
blow-by gas passage portion sending the blow-by gas in a first direction, and a second blow-by
gas passage portion being connected to the first blow-by gas passage portion and sending the
blow-by gas 1n a second direction that 1s opposite to the first direction,

the first blow-by gas passage portion includes an inlet of the blow-by gas
disposed at an end portion of an upstream 1n a flow dircction of the blow-by gas, and
the second blow-by gas passage portion includes an outlet of the blow-by gas
disposed at an end portion of a downstream in the flow direction of the blow-by gas;

and

in an upper portion of the internal combustion engine main body, the first
blow-by gas passage portion and the second blow-by gas passage portion are

arranged side by side on an outer surface of the engine main body.

2. The o1l mist separation mechanism of the internal combustion engine according to

claim 1, wherein:

the oil mist separation portion includes an oil returning hole being connected to
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the oil returning portion and is integrally provided with the internal combustion engine main
body at an upper surface of the outer surface of the internal combustion engine main body; and

the oil returning portion includes an oil returning passage having an upper end
portion that is connected to the oil returning hole, the oil returning passage extending

downwardly and linearly from the oil returning hole.

3. The oil mist separation mechanism of the internal combustion engine according to
claim 1, wherein the o1l mist separation portion includes:

an oil returning hole being connected to the oil returning portion and being
provided in a vicinity of a returning portion between the first blow-by gas passage portion and
the second blow-by gas passage portion; and

a bottom surface portion being inclined downwardly towards the oil returning

hole.

4. The oil mist separation mechanism of the internal combustion engine according to
any one of claims 1 to 3, wherein
the internal combustion engine main body is configured such that a sliding

direction of a piston is along with a horizontal direction; and
the o1l mist separation portion includes:
a blow-by gas inlet opening downwardly; and
a partition wall being provided so as to separate a crankshaft and the

blow-by gas inlet of the internal combustion engine main body from each other.

5. The o1l mist separation mechanism of the internal combustion engine according to
any one of claims 1 to 4, wherein the oil mist separation portion includes an oil returning hole

being provided in a vicinity of a bottom portion of a bottom surface portion of the oil mist
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separation portion and being connected to the oil returning portion.

6.  The oil mist separation mechanism of the internal combustion engine according to
claim 5, wherein

the oil returning portion includes an upper end portion that is connected to the oil
returning hole and a lower end portion that 1s soaked in the oil; and

the oil returning portion includes a diameter of a passage in which an oil 1s not

sucked up by manifold vacuum.

7. The oil mist separation mechanism of the internal combustion engine according to
claim 1 or 3, wherein at least one of the first blow-by gas passage portion and the second blow-

by gas passage portion includes a labyrinth structure,

8. The oil mist separation mechanism of the internal combustion engine according to
any one of claims 1 to 7, wherein the internal combustion engine main body 1s a stationary type

or a movable type.

28
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FIG.3
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FIG. 4 ¥
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FIG.6

Cross-sectional view
taken in line 320-320
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