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(57) Abstract: An oil separating device for separating an oil mist from a blow-by gas is arranged on a flow passage ot the blow-by gas.
The oil separating device includes an oil separator having an inlet formed at one end thereof and an outlet formed at another end thereof
opposite to the one end; a collision wall arranged at a downstream side of the oil separator, and including an uneven portion formed on a
surface thereof to face the outlet of the oil separator; and a filter arranged between the oil separator and collision wall. The oil separator
is formed such that the oil mist in the blow-by gas coalesces together to form a coalesced oil mist, the filter removes the coalesced oil

mist from the blow-by gas, and the collision wall separates a remained oil mist remained in the blow-by gas through the filter.
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Description

Title of Invention: AN OIL SEPARATING DEVICE
Technical Field

The present invention relates to an oil separating device for separating an oil mist
from a blow-by gas.
Background Art

When an internal combustion engine mounted on a vehicle is operated, an unburned
gas is generated in a combustion chamber. The unburned gas is called a blow-by gas,
and the blow-by gas is leaked from a combustion chamber to a crankcase through a
gap between a piston and a cylinder wall. The blow-by gas staying in the crankcases
causes oil degradation in the crankcase. Therefore, generally, a blow-by gas circulation
device is provided to discharge the blow-by gas from the crankcase and to circulate the
blow-by gas to the combustion chamber through an intake path.

However, when the blow-by gas flows into the crankcase, oil stored in the crankcase
becomes an oil mist, and the oil mist is mixed in the blow-by gas. That is, the blow-by
gas leaked into the crankcase contains the oil mist. Then, if the blow-by gas containing
the oil mist flows into the intake path to the combustion chamber, it causes excess oil
supply to the intake path; and due to the excess oil supply, exhaust emissions are
discharged into the intake path; thereby, an inlet valve is blocked and engine oil con-
sumption is increased. Also, if the blow-by gas containing the oil mist is combusted in
the combustion chamber, a white smoke is generated.

Therefore, an oil separating device for separating the oil mist from the blow-by gas is
provided to prevent the oil mist from flowing into the combustion chamber through the
intake path when the blow-by gas is circulated from the crankcase to the combustion
chamber.

As a prior art of the oil separating device, there is, for example, an oil separator
shown in Patent Document 1. The oil separator includes a filter and separation plates.
When the blow-by gas flows in the filter, most of the oil mist contained in the blow-by
gas is caught in the filter, and the oil mist not caught in the filter is discharged toward
the separation plates and collides with the separation plates; thereby the oil mist not
caught in the filter is adhered on a surface thereof, and as a result, the oil mist not
caught in the filter is further removed.

However, the oil mist not caught in the filter has small oil particles, and the
separation plates are arranged to form a meandering flow passage to flow the blow-by
gas toward a gas flow outlet. In the structure of the oil separating device, it is hard to

separate the oil mist having the small oil particles from the blow-by gas. Therefore, oil
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separation efficiency is inefficient.
As another prior art of the oil separating device, there is an apparatus for coalescing

particles and separating oil shown in Patent Document 2. The oil separating device
includes an assembly for coalescing particles of a fluid, and a plurality of ribs arranged
apart from the assembly. When the fluid flows in the assembly, oil mist coalesces
together, and oil droplets are deposited on an inner wall of the assembly; and the oil
droplets are discharged from an outlet thereof with the fluid. The oil droplets
discharged from the assembly collide with the ribs and trapped in grooves formed
between the ribs to form a coating of oil across the ribs. As a result, the fluid is
separated into the oil droplets and air in which the oil droplets have been removed.

However, in the structure of the oil separating device, the oil drops containing large
particulates and small particulates are not efficiently separated from the fluid because
the oil droplets are separated only by colliding with the ribs.

In order to solve the above problems, an oil separating device for effectively
separating an oil mist containing large particulates and small particulates from a blow-

by gas, is provided in the present invention.

Citation List

Patent Literature

Patent Document 1: Japanese Patent Application Publication No. 2010-248935.

Patent Document 2: Japanese Patent Application Publication No. 2015-98024.
Summary of Invention

In a first aspect of the present invention, an oil separating device for separating an oil
mist from a blow-by gas, is arranged on a flow passage of the blow-by gas, and the oil
separating device comprises an oil separator including an inlet formed at one end
thereof and an outlet formed at another end thereof opposite to the one end; a collision
wall arranged at a downstream side of the oil separator, and including an uneven
portion formed on a surface thereof to face the outlet of the oil separator; and a filter
arranged between the oil separator and collision wall. The oil separator is formed such
that the oil mist in the blow-by gas coalesces together to form a coalesced oil mist, the
filter removes the coalesced oil mist from the blow-by gas, and the collision wall
separates an oil mist remained in the blow-by gas passing through the filter.

In the structure of the oil separating device, oil drops containing large particulates
and small particulates, are efficiently separated from the blow-by gas because the filter
is arranged between the oil separator and the collision wall.

In a second aspect of the present invention, the collision wall further comprises a side
wall having a width larger than that of the filter and a height higher than that of the

uneven portion in a direction toward the filter. In the structure, a space is formed by the
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filter, the uneven portion and the side wall, so that the blow-by gas is guided in the

space. Therefore, the oil mist is effectively collected.
In a third aspect of the present invention, the uneven wall includes concave and

convex portions arranged alternately to increase a surface area collided with the blow-
by gas, and each of the concave and convex portions vertically continuously extends in
a direction perpendicular to a flow direction of the blow-by gas. In the structure, the oil
drops adhered on the uneven wall is effectively guided to an oil outlet.

In a fourth aspect of the present invention, the oil separator includes a curved wall
along which the blow-by gas spirals to coalesce together. In the structure, the oil mist
coalesces together, and a coalesced oil mist is formed in the separator to be separated
in the filter and the collision wall. Therefore, collection performances of the filter and
collision wall are improved.

In a fifth aspect of the present invention, the filter is arranged apart from the uneven
wall to form a space therebetween, and the filter has a width larger than the outlet of
the separator such that the blow-by gas in the space is discharged out from the space
through the filter after colliding the blow-by gas with the collision wall. In the
structure, the filter has a size enough to discharge the blow-by gas in the space.
Therefore, the blow-by gas in which the oil mist has been separated by the filter and
collision wall is effectively discharged from the space through the filter.

Brief Description of Drawings

[fig.1]Fig. 1 is a perspective view of an oil separating device in accordance with an
embodiment seen from a front side thereof.

[fig.2]Fig. 2 is a rear view of the oil separating device in accordance with the em-
bodiment.

[fig.3]Fig. 3 is a vertical cross sectional view of the oil separating device in accordance
with the embodiment taken along line 3-3 in Fig. 2, showing an inner structure of the
oil separating device.

[fig.4]Fig. 4 is a horizontal cross sectional view of the oil separating device in ac-
cordance with the embodiment taken along line 4-4 in Fig. 2, showing the inner
structure of the oil separating device.

[fig.5]Fig. 5 is a rear view of a housing of the oil separating device in accordance with
the embodiment.

[fig.6]Fig. 6 is a front view of a cover of the oil separating device in accordance with
the embodiment.

[fig.7]Fig. 7 is a perspective view of a filter of the oil separating device in accordance
with the embodiment.

[fig.8]Fig. 8 is a perspective view of a separator of the oil separating device in ac-
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cordance with the embodiment seen from a front side thereof.

[fig.9]Fig. 9 is a horizontal cross-sectional perspective view of the separator in ac-
cordance with the embodiment seen from a rear side thereof, showing an inner
structure of the separator.

[fig.10]Fig. 10 is a perspective view of an exit tube of the oil separating device in ac-
cordance with the embodiment.

Description of Embodiments

Hereinafter, an embodiment of the present invention will be explained with reference
to Figs 1 to 10.

First of all, an overall structure of an embodiment of the present invention will be
explained with reference to Figs. 1 to 4. However, the overall structure is not limited to
the embodiment described in the description.

Generally, an oil separating device 100 is provided on a flow passage of a blow-by
gas circulated from a crankcase to a combustion chamber.

In Figs. 1 to 4, the oil separating device 100 includes a housing 1, a cover 4 covering
the housing 1, a separator 8 fixed in the cover 4, a filter 7 arranged apart from the
separator 8 in the housing 1, and an exit tube 9 extending outwardly from the housing
1.

Detailed structure of each element will be explained hereinafter.

The housing 1 will be explained with reference to Figs. 3 to 5. The housing 1
includes a plate portion 20, a large swollen portion 30 expanding outwardly from a
front surface of the plate portion 20 to form a space SO thereinside, and a small swollen
plate portion 300 formed below the swollen portion 30 and expanding outwardly from
the front surface of the plate portion 20 to form a space SO' thereinside.

The plate portion 20 has a substantially rectangular shape, and includes an outer pe-
ripheral part 21 extending along an outer periphery of the plate portion 20 and
projecting inwardly from a rear surface of the plate portion 20. The outer peripheral
part 21 has flange portions 22 and fixing holes 23 formed in the flange portions 22. In
the embodiment, the outer peripheral part 21 has six flange portions 22, each being
formed at each corner of the plate portion 20 and substantially intermediate portion on
each of upper and lower sides of the plate portion 20; and six fixing holes 23, each
being formed in the flange portion 22. However, the fixing holes 23 may be formed as
required to fix the oil separating device 100. The plate portion 20 further includes an
inner peripheral part 24 arranged inwardly apart from the outer peripheral part 21 to
from a gap G1 therebetween. In the gap G1, a seal member 25 is fit.

The large swollen portion 30 expands outwardly from a center portion of the front

surface of the plate portion 20 to form the space SO thereinside. The large swollen
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portion 30 includes a bottom wall 31, and a peripheral wall 32 integrally formed with
the bottom wall 31 and surrounding the bottom wall 31 to form a recess thereinside,
and in the recess, the space SO is formed. The large swollen portion 30 has an engaging
portion 320 to engage the cover 4 described later, and in the embodiment, the engaging
portion 320 is a projection projecting inwardly and extending substantially along the
peripheral wall 32. However, the engaging portion 320 is not limited to the projection.
The peripheral wall 32 includes an upper peripheral wall 32a, a first side peripheral
wall 32b, a second side peripheral wall 32c and a lower peripheral wall 32d. The upper
peripheral wall 32a has a flat part 32al forming an uppermost part of the peripheral
wall 32, in a vertical direction, and an inclined part 32a2 inclined downwardly from the
flat part 32al. The inclined part 32a2 has an inclined plate 32a21, a detour inclined
plate 32a222 branched from a middle of the inclined plate 32a21 and inclined
downwardly apart from the inclined plate 32a21, and a flat plate 32a223 extending
from one end of the detour inclined plate 32a222 to one end of the inclined plate
32a21. On the flat plate 32a223, an opening 32a23 is formed with an edge part 32a24
shaped into a cylinder. A height of the upper peripheral wall 32a becomes lower in a
direction from the first side peripheral wall 32b toward the second side peripheral wall
32c. The lower peripheral 32d is curved downwardly from the first side peripheral wall
32b and the second side peripheral wall 32¢ toward a flat part 32d1 forming a
lowermost part of the peripheral wall 32. The first side peripheral wall 32b is arranged
to face the second side peripheral wall 32¢, and the first and second side peripheral
walls 32b, 32¢ extend vertically to connect each end of the upper peripheral wall 32a
and the lower peripheral wall 32d.

The large swollen portion 30 further includes a first horizontal partition 33 extending
horizontally in the space SO and connecting the first side peripheral wall 32b and the
second side peripheral wall 32c to partition the space SO into spaces S1 and S2; a
collision wall 34 formed on an inner surface of the bottom wall 31 and extending
vertically from the first horizontal partition 33 toward the flat part 32al of the upper
peripheral wall 32a; a cylindrical member 35 having a semi-cylindrical projection part
35a projecting outwardly from the bottom wall 31 to form the opening 32a21
thereinside on the flat plate 32a223 and a cylindrical connecting part 35b projecting in-
tegrally upwardly from the semi-cylindrical projection part 35a around the opening
32a21 ; a first separating wall 36 projecting inwardly from the inner surface of the
bottom wall 31 and extending vertically from the first horizontal partition 33 toward
the inclined plate 32a222 of the upper peripheral wall 32a to connect the first
horizontal partition 33 and the inclined part 32a2, the first separating wall 36 par-
titioning the space S1 into spaces S11 and S12; and vertical ribs 37 formed on the inner

surface of the bottom wall 31 and extending from the lower peripheral wall 32d toward
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the upper peripheral wall 32a through the first horizontal partition 33.

The first horizontal partition 33 partitions the space SO into spaces S1 and S2, and the
space S1 is arranged above the space S2. In the space S1, the oil mist is separated and
adhered on the collision wall 34 to form oil droplets, and the blow-by gas in which the
oil mist has been removed, flows toward a gas inlet 91a of the exit tube 9. In the space
S2, the oil droplets adhered on the collision wall 34 flow downwardly from the space
S1(S11) to the space S2, and thereafter, in the space S2, the oil droplets flow from the
lower peripheral wall 32d to the flat part 32d1. Therefore, the first horizontal partition
33 has a portion such as a hole or a notch through which the oil droplets flow from the
space 1 to the space 2. In the embodiment, the portion is a notch part 33a, and the
notch part 33a is formed at one corner thereof near the collision wall 34. However, the
portion to flow the oil droplets is not limited to the notch part 33a, and a position of the
notch is not limited to the corner near the collision wall 34. Further, the first horizontal
partition 33 is inclined such that the oil droplets flow toward the notch part 33a. In the
embodiment, the first horizontal partition 33 is inclined downwardly from the second
side peripheral wall 32c toward the first side peripheral wall 32b in a horizontal
direction, and the first horizontal partition 33 is also inclined downwardly from a front
side of the first horizontal partition 33 toward a rear side of the first horizontal partition
33 where the notch part 33a is formed.

The first separating wall 36 partitions the space S1 into spaces S11 and S12; and the
space S11 is formed at a side where the first side peripheral wall 32b is arranged, and
the space S12 is formed at a side where the second side peripheral wall 32c¢ is
arranged. The spaces S11 and S12 are communicated each other because the first
separating wall 36 projects inwardly only halfway on the first horizontal partition 33.
The space S11 has a size larger than that of the space S12 because the flat part 32al of
the peripheral wall 32 is positioned higher than the inclined part 32a2 of the peripheral
wall 32, and the first horizontal partition 33 is inclined downwardly from the second
side peripheral wall 32c toward the first side peripheral wall 32b; therefore, in the
space S11, enough space is obtained to form the collision wall 34. Also, after the oil
mist has been removed, the blow-by gas smoothly flows toward the exit tube 9 because
the blow-by gas flows in a direction from a large space (S11) to a small space (S12).

In the space S2, the lower peripheral wall 32d is curved downwardly toward the flat
part 32d1 from each side of the first side peripheral wall 32b and the second side pe-
ripheral wall 32c¢ and also inclined downwardly from a front side of the lower pe-
ripheral wall 32d toward a rear side of the lower peripheral wall 32d. The lower pe-
ripheral wall 32d is formed at a position, in a vertical direction, higher than the oil
outlet 63 of the cover 4 described later. Therefore, the oil droplets flowing from the

space S1 to the space S2 are guided to the oil outlet 63 of the cover 4 through the lower
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cylindrical connecting part 35b. The semi-cylindrical projection part 35a projects
outwardly from the bottom wall 31 to form the opening 32a21 thereinside; and the
cylindrical connecting part 35b is formed into a cylindrical shape, and has an opening
formed at one end thereof to insert the exit tube 9 therein, the opening being covered
by a holder 93 of the exit tube 9. However, a shape of the cylindrical member 35 is not
limited to the cylindrical shape. The cylindrical member 35 is integrally formed with
the bottom wall 31 and the upper peripheral wall 32a.

The collision wall 34 is formed on the inner surface of the bottom wall 31. The
collision wall 34 includes an uneven wall 341 formed on the inner surface of the
bottom portion 31 and a side wall 342 enclosing the uneven wall 341.

The uneven wall 341 includes concave portions 341a and convex portions 341b,
arranged alternately, to increase a colliding area of the uneven wall 341 with which the
blow-by gas containing the oil mist collides, and each of the concave portions 341a
and convex portions 341b vertically continuously extends from the front side of the
first horizontal partition 33 toward the flat part 32al of the peripheral wall 32.

The convex portions 341b include large convexes 341bl, each having a height higher
than other convexes in the projecting direction from the inner surface of the bottom
portion 31, as support ribs supporting the filter 7. In the embodiment, the large
convexes 341bl are formed at a center portion and side portions of the uneven wall
341. However, the portions of the large convexes 341b1 are not limited to the center
portion and side portions of the uneven wall 341.

The uneven wall 341 has a size large enough to be collided with the blow-by gas, and
the uneven wall is arranged to adjust a collision angle of the blow-by gas. That is, the
uneven wall 341 has the colliding area having a width larger than that of an outlet
portion 84 of the separator 8 described later, and a length longer than that of the outlet
portion 84 of the separator 8 described later; and the collision angle is adjustable by
inclining the uneven wall 341.

Therefore, the oil mist contained in the blow-by gas is efficiently adhered on the
uneven wall 341 when the blow-by gas collides with the collision wall 34. The oil mist
adhered on the uneven wall 341 is gathered to form the oil droplets, and the oil
droplets flow downwardly, by the gravity, along the concave portions 341a formed
between the convex portions 341b. The oil drops reach the first horizontal partition 33,
and thereafter, the oil drops flow on the first horizontal partition 33 inclining toward
the notch part 33a, and flow into the space 2 through the notch part 33a.

In the embodiment, the uneven wall is arranged substantially perpendicular to the

flow direction of the blow-by gas; however, the uneven wall may be inclined based on
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the preferable collision angle.

The side wall 342 extends from the first horizontal partition 33 to enclose the uneven
wall 341 along an outer periphery of the uneven wall 341. The side wall 342 projects
more inwardly than the convex portions 341b (large convexes 341b1) from the inner
surface of the bottom portion 31, and a space S3 is formed between the uneven wall
341 and the filter 7, described later, inside the side wall 342. That is, the filter 7 is fit
inside the side wall 342, and the space S3 is enclosed by the filter 7, the uneven wall
341 and the side wall 342. In the space S3, the blow-by gas flowing through the filter 7
collides with the uneven wall 341, and the blow-by gas in which the oil mist has
removed is filled. The blow-by gas in the space S3 flows out through the filter 7 from
the space S3, and flows toward the gas inlet 91a of the exit tube 9.

The small swollen portion 300 is formed below the large swollen portion 30; and
includes a bottom wall 301, and a peripheral wall 302 surrounding the bottom wall 301
to form a space SO' thereinside. In the space SO', vertical ribs 310 extend in vertical
direction.

At a front side of the housing 1, there are a plurality of ribs 11 formed around the
large swollen portion 30 and the small swollen portion 300 on the front surface of the
plate portion 20. The cover 4 will be explained with reference to Figs. 2, 3 and 6. The
cover 4 includes a plate portion 50 and a swollen portion 60 expanding outwardly from
a rear surface of a lower portion of the plate portion 50 to form a space S4 thereinside.

The swollen portion 60 includes a bottom wall 61 and a peripheral wall 62 integrally
formed with the bottom wall 61 and surrounding the bottom wall 61 to from a recess
thereinside, and in the recess, the space 4 is formed. The peripheral wall 62 includes an
upper peripheral wall 62a, a first side peripheral wall 62b, a second side peripheral
wall 62c and a lower peripheral wall 62d. The swollen portion 60 further includes an
oil outlet 63 formed on the lower peripheral wall 62d. The first side peripheral wall
62b is arranged to face the second side peripheral wall 62c, and the first and second
side peripheral walls 62b, 62c extend vertically to connect each end of the upper pe-
ripheral wall 62a and the lower peripheral wall 62d.

The lower peripheral wall 62d includes a flat part 62d1, and is curved downwardly
toward the flat part 62d1 from lower ends of the first and second side peripheral walls
62b, 62c, and the oil outlet 63 is formed on the flat part 62d1. Therefore, the oil
droplets flowing into the space S4 flow toward the oil outlet 63 along the lower pe-
ripheral wall 62d, and the oil droplets are effectively discharged from the oil separating
device through the oil outlet 63. In the embodiment, the flat part 62d1 and the oil outlet
63 are formed on a center portion of the lower peripheral wall 62d. However, the
positions of the flat part 62d1 and the oil outlet 63 are not limited to the center portion,

and may be formed on a side portion thereof.
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The plate portion 50 has an external shape substantially same as that of the peripheral
wall 32 of the swollen portion 30 to cover the space SO in the swollen portion 30 of the
housing 1. The plate portion 50 includes an outer peripheral part 51 extending along an
outer periphery thereof and projecting inwardly from a rear surface thereof, and an
inner peripheral part 52 arranged inwardly apart from the outer peripheral part 51 to
form a gap G2 therebetween. An engaged portion 501 is formed in the gap G2 to
engage the engaging portion 320 of the housing 1. In the embodiment, the engaged
portion 501 is a recess formed in the gap G2. The engaging portion 320 (projection) of
the peripheral wall 32 is fit into the engaged portion 501 (gap G2) to engage the
housing 1 and the cover 4.

The plate portion 50 further includes a separator fixing portion 53 fixing the
separator 8, described later, therein; a second horizontal partition 54 projecting
inwardly from an upper peripheral wall 62a of the swollen portion 60 and extending
horizontally to have a length substantially same as that of the upper peripheral wall
62a; and a second separating wall 55 projecting inwardly from a front surface of the
plate portion 50 and extending vertically above a center portion of the second
horizontal partition 54.

The separator fixing portion 53 is arranged at a position facing the collision wall 34
when the cover 4 is engaged to the housing 1. The separator fixing portion 53 includes
a fixing member for fixing the separator § to the cover 4. In the embodiment, the
separator fixing portion 53 is formed by an inside rectangular portion 53a and an
outside rectangular portion 53b, the inside rectangular portion 53a inwardly swelling in
a front direction and the outside rectangular portion 53b outwardly swelling in a rear
direction to form a space S5 thereinside in which the separator 8§ is stored. The inside
rectangular portion 53a includes a front surface portion 53al having a front opening
53a2 communicated with the space S5 at a front side thereof, and the outside
rectangular portion 53b includes a rear opening 53b1 communicated with the space S5
at a rear side thereof. The rear opening 53b1 is larger than the front opening 53a2
because the front opening 53a2 is formed on the front surface portion 53a2, and the
rear opening 53bl1 is fully opened at the rear side. Therefore, the separator 8 is inserted
from the rear side to the front side to be stored in the space S5. The front surface
portion 53al includes a pair of elastic pieces 53a3, 53a4 projecting inwardly from
upper and lower edges of the front opening 53a2 into the front opening 53a2 to form
notches at two sides of each of the pair of elastic pieces 53a3, 53a4. The pair of elastic
pieces 53a3, 53a4 projects inwardly, and then curved outwardly in a direction away
from the front opening 53a2 to face each other, to from L-shape. The pair of elastic
pieces 53a3, 53a4 respectively has hook portions 53a31, 53a41 to fit into grooves 841,

842 of the separator 8; thereby, the separator 8 is fixed to the separator fixing portion
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53. In the embodiment, the separator 8 is fixed to the cover 4 by engaging the hook
portion 53a31, 53a41 and the grooves 841, 842 of the separator 8. However, the fixture
is not limited to hooks and grooves, and any fixture may be used to fix the separator 8.

The front surface portion 53al further includes a pair of projecting ribs 53a5, 53a6
projecting inwardly toward the filter 7. The pair of projecting ribs 53a5, 53a6 projects
more inwardly than the pair of elastic pieces 53a3, 53a4 in the projecting direction to
support the filter 7 at a positon apart from the openings 84a, 84b of the separator 8.
Each of the pair of projecting ribs 53a35, 53a6 is curved downwardly from a center
portion toward side portions thereof in a horizontal direction thereof.

An engagement structure of the housing 1 and the cover 4 will be explained with
reference to Fig. 3.

The plate portion 50 of the cover 4 has the external shape substantially same as that
of the large swollen portion 30 of the housing 1; and the housing 1 has the engaging
portion 320, and the cover 4 has the engaged portion 501. The engaging portion 320 of
the housing 1 engages the engaged portion 501 of the cover 4; thereby the housing 1
and the cover 4 are engaged such that the cover 4 covers the space SO in the housing 1.
In the embodiment, the engaging portion 320 is a projection, and the engaged portion
501 is arecess (gap G2), and the projection is fit into the recess.

When the cover 4 is engaged to the housing 1, the second separating wall 55 is
arranged, in the space S11, between the first separating wall 36 and the collision wall
34; therefore, a flow passage of the blow-by gas flowing out from the space S3 is
formed by the first separating wall 36 and the second separating wall 55 such that the
blow-by gas is meandered toward the cylindrical member 35. While the blow-by gas is
meandered in the flow passage, the blow-by gas collides with the first separating wall
36 and the second separating wall 55; thereby, the oil mist is adhered on the first
separating wall 36 and the second separating wall 55. That is, the oil mist is further
separated from the blow-by gas after being removed by the collision wall 34.
Therefore, the oil mist is effectively separated. The oil mist adhered on the first
separating wall 36 and the second separating wall 55 is respectively gathered thereon
to form the oil droplets. The oil droplets flow downwardly by the gravity load to the
first horizontal partition 33.

When the cover 4 is engaged to the housing 1, the second horizontal partition 54 is
arranged under the first horizontal partition 33 to form a gap G3 therebetween.
Therefore, the oil droplets flowing to the first horizontal partition 33 flow further
downwardly along the second horizontal partition 54 inclined from the rear side toward
the front side thereof and flow into the space S2 through the gap G3.

Further, when the cover 4 is engaged to the housing 1, the lower peripheral wall 32d
of the peripheral wall 32 is arranged at a position higher than the oil outlet 63 in a
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vertical direction. Therefore, the oil droplets flowing into the space S2 through the
notch part 33a and the second horizontal partition 54, flow toward the space S4 along
the lower peripheral wall 32d inclined from the front side toward the rear side thereof,
and flow to the oil outlet 63 along the lower peripheral wall 62d inclined toward the
flat part 62d1 where the oil outlet 63 is formed. That is, the oil droplets formed by the
first separating wall 36 and the second separating wall 55 are effectively guided to the
oil outlet 63.

The filter 7 will be explained with reference to Figs. 3, 4 and 7. The filter 7 has a
rectangular parallelepiped shape to fit a shape of the collision wall 34; however, the
shape of the filter 7 is not limited to the rectangular parallelepiped shape.

The filter 7 is arranged between the collision wall 34 and the separator 8 described
later. More particularly, the filter 7 is arranged apart from the separator 8 in a blow-by
gas flow direction, and the filter 7 is fit inside the side wall 342 to face the uneven wall
341 of the collision wall 34; thereby, the space S3 is formed by the filter 7, the uneven
wall 341 and the side wall 342. The filter 7 is sandwiched between the large convexes
341b1 of the collision wall 34 and the pair of projecting ribs 53a5, 53a6 to fix inside
the side wall 342. In the embodiment, a nonwoven fabric filter, a mesh filter or the like
is used as the filter 7; and the projections 343 are pierced into the filter 7, and the filter
7 is fastened by push nuts. However, any fixture may be used to fix the filter 7 to the
collision wall 34.

The separator 8 will be explained with reference to Figs. 2 to 4, 8 and 9. The
separator 8 includes inlet portions 81, 82 arranged at a top portion and a lower portion
thereof; a spiral flow portion 83 integrally formed with the inlet portions 81, 82 and
connected to the inlet portion 81, 82 at one side thereof; and an outlet portion 84 in-
tegrally formed with the spiral flow portion 83 and connected to the spiral flow portion
83 at the other side opposite to the one side thereof.

The inlet portion 81 includes openings 81a, 81b formed at one end thereof, inner
ends 81c, 81d formed at the other end opposite to the one end thereof, and spaces S61,
562 are formed therebetween. The inlet portion 81 is formed such that the space S61
has a substantially trumpet-shape to decrease a cross-sectional area of the space S61 in
a direction from the opening §1a to the inner end 81c, and the space S62 has a sub-
stantially trumpet-shape to decrease a cross-sectional area of the space S62 in a
direction from the opening 81b to the inner end §1d. Therefore, the blow-by gas from
the crank case is smoothly guided from the openings 81a, 81b to the inner ends 8lc,
81d. The inlet portion 82 has a structure same as the inlet portion §1. Therefore,
detailed explanation of a structure of the inlet portion 82 is omitted.

The spiral flow portion 83 extends vertically to connect the inlet portions 81, 82. The

spiral flow portion 83 includes curved walls 83a, 83b curved to form cylindrical spaces
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S71, S72 thereinside. The spaces S71, S72 are communicated with the spaces formed
inside the inlet portions 81, 82. In the spaces S71, S72, the blow-by gas flows spirally;
thereby, the blow-by gas collides with inner surfaces of the curved walls 83a, 83b, and
the oil mist contained in the blow-by gas coalesces together to form a particle having a
size large enough to be separated by the filter 7 and the collision wall 34.

The outlet portion 84 projects horizontally outwardly from a center portion of the
spiral flow portion 83 between the inlet portions 81, 82 in a direction opposite to the
inlet portions 81, 82. The outlet portion 84 includes openings 84a, 84b formed at one
end thereof, inner ends 84c, 84d formed at the other end opposite to the one end
thereof, and spaces S81, S82 formed between the openings 84a, 84b and the inner ends
84c, 84d. The spaces S81, S82 are communicated with the spaces S71, S72 at the inner
ends 84c, 84d. In the spaces S81, S82, the blow-by gas containing the coalesced oil
mist is guided to discharge from the openings 84a, 84b. The outlet portion 84 further
includes grooves 841, 842 formed on a top surface and a lower surface thereof, and the
hook portions 53a31, 53a41 of the separator fixing portion 53 are fit in the grooves
841, 842. The grooves 841, 842 are formed at center portions of the top surface and the
lower portion of the outlet portion 84 in a projecting direction of the outlet portion 84.
The separator 8 is inserted in the separator fixing portion 53 from the rear side to the
front side thereof, and the separator 8§ is fixed to the cover 4 by engaging the hook
portions 53a31, 53a41 of the separator fixing portion 53 and the grooves 841, 842.

The exit tube 9 will be explained with reference to Figs. 1 and 10. The exit tube 9 is
connected to the cylindrical member 35 of the housing 1. The exit tube 9 includes an
intake portion 91 having a cylindrical shape to be inserted in the cylindrical member 35
and having a gas inlet 91a into which the blow-by gas meandered through the first
separating wall 36 and the second separating wall 55 flows; a connection part 92
connected to the intake portion 91 and having a gas outlet 92a from which the blow-by
gas is discharged outwardly to circulate to the combustion chamber; and a holder 93
having an opening 93a in which the connection part 92 is inserted, and through which
the exit tube 9 is fixed to the cylindrical member 35.

Finally, flow of the blow-by gas and separation of the oil mist will be explained. As
described above, the blow-by gas is circulated from the crank case to the combustion
chamber, and the oil separating device 100 is provided on the flow passage of a blow-
by gas.

The blow-by gas from the crank case contains the oil mist, and the blow-by gas flows
into the separator 8§ through the openings 81a, 81b, 82a, 82b. The blow-by gas is
guided by the inlet portions 81, 82 to the spiral flow portion 83. In the spiral flow
portion 83, the blow-by gas spirally flows such that the oil mist contained in the blow-

by gas coalesces together to form a particle having a size large enough to be separated
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by the filter 7 and the collision wall 34, and the blow-by gas containing the coalesced
oil mist is guided to the outlet portion 84. The blow-by gas containing the coalesced oil
mist is guided effectively because the outlet portion 84 is arranged at a middle portion
between the inlet portions 81, 82 in a vertical direction.

The blow-by gas containing the coalesced oil mist is discharged outwardly from the
openings 84a, 84b of the outlet portion 84, and flows into the filter 7 because the filter
7 is arranged at a downstream of the separator 8 in a flow direction of the blow-by gas.
In the filter 7, the coalesced oil mist is primarily removed, and thereafter, the blow-by
gas in which the oil mist has been removed by the filter 7 is guided in the space S3.
The space 3 is a narrow space enclosed by the filter 7, the uneven wall 341, and the
side wall 342. Therefore, in the space S3, the oil mist is effectively collected. The
blow-by gas in the space S3 flows toward and collides with the uneven wall 341
because the uneven wall 341 is arranged at a downstream of the filter 7 in the flow
direction of the blow-by gas; thereby, the oil mist in the blow-by gas is adhered on the
uneven wall 341 to generate the oil droplets. That is, the oil mist is secondarily
removed by the uneven wall 341. Therefore, the oil drops containing large particulates
and small particulates are efficiently separated from the blow-by gas. Thereafter, the
blow-by gas in the space S3 is separated into the oil droplets and the blow-by gas in
which the oil mist has been removed by the filter 7 and the collision wall 7, called as "a
gas without the oil mist" hereafter.

The oil droplets flow downwardly, by the gravity, along the concave portions 341a
formed between the convex portions 341b, and reaches the first horizontal partition 33.
The oil droplets are guided to the notch part 33a in accordance with inclination of the
first horizontal partition 33, and flow into the space S2. In the space S2, the oil droplets
are guided toward the oil outlet 63 of the cover 4 in accordance with arrangement and
inclination of the lower peripheral wall 62d, and then the oil droplets are discharged
from the oil separating device 100 through the oil outlet 63.

The gas from which the oil mist is removed flows out from the space S3 through
filter 7, and flows toward the exit tube 9. In the flow passage to the exit tube 9, the gas
without the oil mist is meandered by the first separating wall 36 and the second
separating wall 55; thereby, the gas without the oil mist collides with the first
separating wall 36 and the second separating wall 55. Therefore, the oil mist remained
in the gas without the oil mist is adhered on the first separating wall 36 and the second
separating wall 55, and the oil droplets are formed thereon. That is, the gas without the
oil mist is separated into the oil droplets and the blow-by gas in which the remained oil
mist has been removed from the gas without the oil mist, called as "a circulated gas"
hereafter.

The circulated gas flows into the exit tube 9, and the circulated gas is discharged
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from the oil separating device 100 to supply to the combustion chamber through an
intake path.

[0063]  While the invention is explained with reference to the specific embodiment of the
present invention, the explanation is illustrative and the invention is limited only by the

appended claims.
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Claims

An oil separating device for separating an oil mist from a blow-by gas,
arranged on a flow passage of the blow-by gas, comprising:

an oil separator including an inlet formed at one end thereof and an
outlet formed at another end thereof opposite to the one end;

a collision wall arranged at a downstream side of the oil separator, and
including an uneven portion formed on a surface thereof to face the
outlet of the oil separator; and

a filter arranged between the oil separator and collision wall,

wherein the oil separator is formed such that the oil mist in the blow-by
gas coalesces together to form a coalesced oil mist, the filter removes
the coalesced oil mist from the blow-by gas, and the collision wall
separates a remained oil mist remained in the blow-by gas passing
through the filter.

An oil separating device according to claim 1, wherein the collision
wall further comprises a side wall having a width larger than that of the
filter and a height higher than that of the uneven portion in a direction
toward the filter.

An oil separating device according to claim 1 or 2, wherein the uneven
wall includes concave and convex portions arranged alternately to
increase a surface area collided with the blow-by gas, and each of the
concave and convex portions vertically continuously extends in a
direction perpendicular to a flow direction of the blow-by gas.

An oil separating device according to claim 3, wherein the oil separator
includes a curved wall along which the blow-by gas spirals to coalesce
together.

An oil separating device according to claim 1, wherein the filter is
arranged apart from the uneven wall to form a space therebetween, and
the filter has a width larger than the outlet of the separator such that the
blow-by gas in the space is discharged out from the space through the
filter after colliding the blow-by gas with the collision wall.
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