2013176841 AT |1 0000 OO0 OO O

<

W

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2013/176841 Al

28 November 2013 (28.11.2013) WIPO | PCT
(51) International Patent Classification: (74) Agent: OVERBERGER, Erik, J.; Rankin Hill & Clark
FOIM 13/04 (2006.01) LLP, 23755 Lorain Road, Suite 200, North Olmsted, OH
(21) International Application Number: 44070 (US).
PCT/US2013/038632 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: . AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
29 April 2013 (29.04.2013) BZ, CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
13/478,934 23 May 2012 (23.05.2012) Us NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(71) Applicant: HONDA MOTOR CO., LTD. [JP/JP]; 1-1 T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
Minami-aoyama, 2-chome, Minato-ku, Tokyo, 107-8556 M, ZW.
IP). (84) Designated States (uniess otherwise indicated, for every
(72) Inventors; and kind of regional protection available): ARIPO (BW, GH,
(71)  Applicants (for US only): AQUINO, Phillip [US/US]; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
C/o Honda Patents & Technologies, North America, LLC, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
21001 State Route 739, Raymond, OH 43067 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
ODELL, Marc¢ [US/US]; C/o Honda Patents & Technolo- EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
gies, North America, LLC, 21001 State Route 739, Ray- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
mond, OH 43067 (US). HAYASHI, Yasutaka [JP/US]; TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
C/o Honda Patents & Technologies, North America, LLC, ML, MR, NE, SN, TD, TG).
21001 State Route 739, Raymond, OH 43067 (US).
Published:

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

(54) Title: HEAD COVER BAFFLE SYSTEM FOR IMPROVING OIL MIST SEPARATION

A /l \
VN
A\

/S

Y/

4 5‘
7

7

|

(57) Abstract: An engine gas-oil separator for separating oil contents in blow-by gases that are recirculated into an intake system in-
cludes a head cover, a lower plate, and a plurality of baffles. The lower plate attaches to the head cover to define a separation cham -
ber between an upper internal surface of the head cover and a lower internal surface of the lower plate. The separation chamber in -
cludes a blow-by gas inlet, a blow-by gas outlet and at least one oil outlet. The plurality of baftles are disposed in the separation
chamber between the head cover and the lower plate. The plurality of baffles, the upper internal surface and the lower internal sur -
face define a switling flow path through the separation chamber in a longitudinal direction between the blow-by gas inlet in the
blow-by gas outlet. The plurality of baftles are also contigured to direct the blow-by gases in a generally transverse direction.
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HEAD COVER BAFFLE SYSTEM FOR IMPROVING Ol MIST SEPARATION

BACKGROUND

10601] This disclosure relates o an engine gas-oil separator provided in a head
cover for separating off conients in blow-by gases that are recirculated 1o an air intake
system of a normally aspirated engine.

100021 Many gas-oil separation devices exist for separating ol mist from crank case
gases. The crank case gases are recirculated back to an inlake manifold of the engine
for improved emissions. The gas-oil separation typically occurs between the intaske
manifold, which is usually under negalive pressure, and the crank case, which is usually
near atmospheric pressure. In a naturally aspirated engine, the crank case mainiains
near-atmospheric pressure condition because fresh air is supplied from oulside the
engine, usually through an air intake twubhe. The fresh air mixes with combustion gases
that have leaked past the piston rings (hereinafter referred to as blow-by gases). The
resulting mixture is drawn through a positive crank case ventilation (PCV) chamber
where ol mist is separaied from the blow-by gases. ldeally, the separated il drains
back to an oil sump while the blow-by gases are drawn into the infake manifold.

100031 Many devices exist for separating ot from blow-by gases in the PCV
chamber, such as foam blocks, rotating elements buill into cam shafls, or complex
systems of baffles. Problems arise, however, when the crank case pressure is greater
than the PCV chamber inlake flow pressure such as during high load conditions. Blow-
by gases can be forced cut of the crank case backwards through the path in which fresh
air typically takes enters into the PCV chamber. This siluation can be described as
back-flow, where the excessive blow-by gases that are not drawn in by the PCV
chamber are blown back through the fresh air intake path. This back-flow condition can
carry oif entrained in the blow-by gases, and this oil can collect in the intake manifold,

which can then negatively impact combustion, emissions and marketability.
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SUMMARY

10604] An example of an engine gas-cil separator for separating oil contents in blow-
by gas that can overcome at least one of the aforementioned shortcomings includes a
head cover, a lower plate altached 1o the head cover to define a separation chamber, a
plurality of upper baffles disposed in the separation chamber, and a plurality of lower
baffles disposed in a separation chamber. The lower plate attaches to the head cover
to define the separstion chamber between an upper internal surface of the head cover
and a lower internal surface of the lower plate. The plurality of upper baffles depend
downwardly from the upper internal surface of the head cover. The plurality of lower
baffles exiend upwardly from the lower inlernal surface of the lower plate. The plurality
of upper baffles and the plurality of lower baflles are configured o impart a swirling flow
of blow-by gases in a generally longiludinal direction through the separalion chamber.
106051  Another example of an engine gas-oil separalor for separaling olf contents in
blow-by gases that are recirculaled into an intake system includes a head cover, a lower
plate, and a pluralily of baffles. The lower plaie aftaches 1o the head cover (o define a
separation chamber between an upper inlemnal surface of the head cover and a lower
internal surface of the lower plate. The separation chamber includes a blow-by gas
infel, a blow-by gas outlet and at least one oil outlet. The plurality of baffles are
disposed in the separation chamber between the head cover and the lower plate. The
plurality of baffles, the upper intemal surface and the lower internal surface define a
swirling flow path through the separation chamber in a longiludinal direction between
the blow-by gas inlet and the blow-by gas outlet. The plurality of baffles are also
configured o divect the blow-by gases in a generally transverse direction. The plurality
of bafiles are further configured io reduce a cross-sectional area of the flow path
adjacent where the blow-by gases change direction from the generally transverse
direction to a generally downward direction.

10606] Another example of an engine gas-oil separator for separating oil contents in
blow-by gases thal are recirculated to an intake system includes a head cover, a lower
plate attached to the head cover to define a separation chamber, and a plurality of
bafflas disposed in the separation chamber. The lower plale attaches ¢ the head cover

to define the separation chamber between an upper internal surface of the head cover
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and a lower internal surface of the lower plate. The separation chamber includes a
blow-by gas inlel, a blow-by gas cutlet and at least one ol outlet. The plurality of baffles
are disposed between the head cover and the lower plate. The plurality of baffles, the
upper internal surface and the lower internal surface define a swirding flow path through
the separation chamber in a longitudinal direction between the blow-by gas inlet and the
blow-by gas outlet. The plurality of baffles are also configured o direct the blow-by
gases in a generally transverse direction. The at least one il cutlet is disposed in the

separation chamber generally longitudinaily aligned with the gas inlet.

BRIEF DESCRIFTION OF THE DRAWINGS
10607] FiG. 1is g perspective view of an upper side engine head cover.
10008] FiG. 2 is a perspective view of a lower side of the head cover shown in FIG. 1
having a botiom plate atltached thereto to define a separation chamber for separating oil
contenis in blow-by gases that travel through the separation chamber.
10608] FiG. 3 is a perspective view from an opposile end to that shown in FIG. 2 of a
portion of the head cover and bottom plate shown in FIG. 2.
10010] FiG. 4 is g perspective view from an opposite end shown 1o that shown in
FIG. 2 of a lower side of the head cover shown in FIG. 1 having the bottom plate
removed therefrom.
10641] FIGS. 5A and 5B are each a plan views of the lower side of the head cover
and an upper side of the lower plale.
10612] FIGS. 8A and 6B are each a perspeclive view similar to FIG. 1 with a section
of the head cover shown as transparenti {0 provide a view of baflles disposed in the
separation chamber.
(00431 FIG. 7 schematically depicts a swirling flow of blow-by gases through the
separation chamber along line 7-7 of FiG. 68,
10614] FIG. 8 is a top view of an alternative arrangement of a botlom plate of an
engine gas-oill separator including a funnel for collecling separated oil from the blow-by

gases.
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DETAILED DESCRIPTION
1601587 FiGS. 1 and 2 depict an engine gas-oil separator 10 for separsting ol
contenis in blow-by gases that are recirculaled to an intake system of an engine {not
shown} of a vehicle. The engine gas-cil separator (hereinafter also referred 1o as
“separator”} includes a head cover 12 and a lower plate 14 {shown in FIG. 2 allached
to the head cover. The separator 10 depicted in FIGS. 1 and 2 is for one cylinder bank
of a V-type six-cylinder engine. The head cover 12 is a casted or molded piece and can
be made from plastic, as well as other materials.
10646] The lower plate 14 attaches {0 the head cover 12 to defineg a separation
chamber 16 (FIG. 4) where oil contents in blow-by gases are separaied. The separaled
oil drains back {0 an oil sump (not shown)}. The blow-by gases are drawn inio an intake
manifold {not shown} of the engine. The separation chamber 16 includes a blow-by gas
infet 18 (FIGS. 2 and 3), a blow-by gas outlet 22 (FIGS. 1 and 2) and at least one oil
outlet 24 (FIGS. 5A and 5B). The lower plate 14 allaches to the head cover 12 to define
the separation chamber 16 between an upper internal surface 30 (FIG. 5A) of the head
cover 12 and a lower internal surface 32 (FIG. SA) of the lower plate 14.
(00177 With reference back to FIG. 1, the head cover 12 includes a longitudinally
axiending twbe 34. The tube 34 defines the blow-by gas outlet 22, which is in
communicalion with the separation chamber 16. With reference o FIG. BA, the head
cover 12 includes a first longitudinal wall 36, a second longitudinal wall 38, and a third
ongitudinal wall 42. Each longitudinal wall 36, 38, 42 exiends between the upper
internal surface 30 and the lower internal surface 32. Each longitudinal wall 36, 38, 42
axtends in a longitudinal direction of the head cover 12; the longitudinal direction being
the direction in which the blow-by gases iravel through the separation chamber 16
between the blow-by gas inlel 18 and the blow-by gas outlet 22.
(00181  The first longitudinal wall 36 defines a longitudinal first inner surface 44, which
further defines the separation chamber 16. The longitudinal first inner surface 44 is
generally planar in the Hlustrated embodiment. The second longitudinal wall 38 is
spaced transversely (perpendicular to the longiludinal direction) from the first
ongitudinal wall 36. The second longitudinal wall 38 defines a longitudinal second inner

surface 46, which further defines the separation chamber 16. The longitudinal second
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inner surface 46 is also generaily planar in the illustrated embodiment. The third
ongitudinal wall 42 is spaced transversely from the first longitudinal wall 36 in a
iransverse direction opposite the direclion in which the second longiiudinal wall 38 is
spaced from the first longitudinal wall 36. The head cover 12 also includes a transverse
end wall 48 interconnecting the first longitudinal wall 36, the second longitudinal wall 38,
and the third longitudinal wall 42. The transverse end wall 48 defines a transverse inner
surface 52, which further defines the separation chamber 16. The transverse inner
surface 52 is also generally planar in the illustrated embodiment.

00181 The first longitudinal wall 386, the second longiudinal wall 38, the third
ongitudinal wall 42, and the transverse end wall 48 are all interconnected forming a
common lower edge, which defines a seat 54. The seat 54 in combination with a gasket
{not shown) allows the lower plate 14 to seal against the head cover 12 {o define the
separation chamber 168, The first longitudinal wall 36, the second longitudinal wall 38,
the third longitudinal wall 42, and the transverse end wall 48 can be inlegrally formed
with the head cover 12 during the casting or molding of the head cover.

100281 As mentionsd above, the lower plate 14 ailaches 1o the head cover 12 to
define the separation chamber 16. The lower internal surface 32 in the depicted
embodiment is generally planar. The upper internal surface 30 is generally arc-shaped
in a cross-section {aken normal to the longitudinal direction (see FIG. 7). With reference
back to FIG. 54, the lower plate 14 further includes a continuous ridge 60 that extends
upwardly from the lower internal surface 32. The continuous ridge 80 maiches the
configuration of the seat 54 formed in the head cover 12. The ridge 60 in combination
with the gasket {not shown) and the seat 54 seals off the separation chamber 16
between the blow-by gas inlet 18 and the blow-by gas outlet 22. The lower plate 14
also includes openings 62 through which ol separated from the blow-by gases can flow
into an oll sump {not shown}.

106211 The engine gas-oil separator 10 further includes a plurality of baffles 72, 74,
76, 78, 82 disposed in the separation chamber 16 between the head cover 12 and the
lower plate 14. The plurality of baffles 72, 74, 76, 78, 82, the upper internal surface 30
and the lower internal surface 32 define a swirling flow path (see FIGS. 58, 6B and 7}
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through the separation chamber 16 in the longiludinal direction between the blow-by
gas inlet 18 and the blow-by gas outlet 22.

10022} in the illustraled embodiment, the pluralily of baffles 72, 74, 76, 78, 82
includes a plurality of upper baffles 72, 74, 76 and 78. With reference to FIG. 5B, the
pluralily of upper baffles 72, 74, 76 and 78 are disposed in the separation chamber 18
and depend downwardly from the upper internal surface 30 of the head cover 12. The
plurality of upper baffles 72, 74, 76 and 78 can be integrally formed with the head cover
12 during the casting or molding of the head cover. kach upper baffle 72, 74, 76 and 78
depends downwardly from the upper internal surface 30 to generally midway between
the upper internal surface 30 and the lower intemal surface 32 in a direclion
perpendicular to both the transverse direction and longitudinal direction.

100231 The plurality of upper baffles 72, 74, 76 and 78 includes a plurality of first
upper baffles 72 and a plurality of second upper baffles 74. As seen in FiG. 5A,
adjacent the first longitudinal wall 36 each first upper bafile 72 is spaced a longitudinal
distance dy from an adjacent downsiream second upper baffie 74. Adjacent the second
longitudinal wall 38, however, each first upper baffle 72 is spaced a longiudinal
distance d; from an adiacent downstream second upper baffle 74. In the illustrated
embodiment, da is less than dy, which reduces the cross-sectional area of the flow path
and increases the velocity of the swirling airflow. This encourages entrained oil droplets
in the swirling airflow 1o drop out of the airflow and onto the lower internal surface 32
defined the by the lower plate 14,

106247  With continued reference to FilG. 5A, each first upper baffle 72 and each
second upper bafle 74 extends in a generally transverse direction through the
separation chamber 16. in the illustrated embodiment, each second upper baffle 74
axtends in a generally transverse direction from a respective first upper baffle 72 toward
the second longitudinal wall 38. A terminal edge 90 of each second upper baffle 74
adjacent the second longitudinal wall 38 is longitudinally spaced from an end 82 of the
first upper baffle 72 from which the respeclive second upper baffle 74 exdiends. As
such, a respective void 84 is provided between the respective second upper baflle 74
and the first upper baffie 72 from which the respective second upper baflle extends.

The void 94 is disposed downstream from the respective second upper baffle 74 and
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upstream from the first upper baffle 72 from which the respeclive second upper baffle
axiends.

10025] Each first upper baffle 72 includes a central section 100, which is centrally
located in the transverse direclion between the first longitudinal wall 36 and the second
ongitudinal wall 38, The central seclion 100 defines a generally planar irailing baffle
surface 102. Each second upper baffle 74 includes a ceniral portion 104, which is also
cenirally located in the transverse direction between the first longitudinal wall 36 and the
second longitudinal wall 38. The central portion 104 defines a generally planar leading
baffle surface 106. The blow-by gases travel between the iralling baffle surfaces 102
and the leading baffle surfaces 106 when traveling through the separation chamber 16
{see FIG. 5B). As ilustrated, each leading baffle surface 106 is orienied more closely to
perpendicular with respect to the longitudinal direction as compared to each trailing
baffle surface 102. This resulls in a reduction of & cross-sectional area of the flow path
through the separation chamber adjacent the second longitudinal wall 38,

10626] The plurality of upper baffles 72, 74, 76 and 78 further includes a plurality of
upper cross baffles 76, 78 interconnecting a respective second upper baffle 74 to an
adjacent first upper baffle 72 upsiream from the respeclive second upper baffle 74. The
plurality of upper cross baffles 76 and 78 includes a plurality of longer cross baffles 76
and a plurality of shorter cross baffles 78. The longer cross baffles 78 are disposed
closer 1o the first longitudinal wall 36. The shorier cross baffles 78 are disposed closer
o the second longitudinal wall 38. The cross baffles 76 and 78 are configured to
preciude airflow between respective first upper baffles 72 and respeciive second upper
bafflas 74 interconnected by the cross baffles 76, 78 as the airflow travels betwesn
respeciive lower bafiles 82 through the separation chamber 16.

1062717 The plurality of first upper baffles 72 each has & generally S-shaped
configuration in plan view (normal {o both the longitudinal direction and the transverse
direction). Each of the second upper bafiles 74 also has a generally S-shaped
configuration in plan view {see FIG. BA). The plurality of lower baffles 74, however,
each have a generally backwards S-shaped configuration in plan view. The lower
baffles 82 depicted in FIG. 3A are generally S-shaped; however, when the lower plate

14 is connected {0 the head cover 12, the orientation is a mirror image of that shown in
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FIG. & When viewed, normal to the longitudinal direction, each first upper baffle 72
terminates adjacent or crosses over a respective lower baffie 82 adjacent the first
longitudinal wall 36, Also, when viewed normal to the longitudinal direction, each first
upper baffle 72 terminates adjacent or crosses over a respeclive lower baffle 82
adjacent the second longitudinal wall 38.

106281  With reference back to FIG. 8A, the plurality of lower bafiles 82 are disposed
in the separation chamber 16 and extend upwardly from the lower internal surface 32 of
the lower plate 82. The pluralily of upper baflles 72, 74, 76 and 78 and the plurality of
lower baffles 82 are configured 1o impart a swirling flow of blow-by gases in the
generally longitudinal direction through the separalion chamber 16, Each lower baffle
82 exiends about midway between the lower internal surface 32 and the upper internal
surface 30 in a direction perpendicular (o both the transverse and longiudingl
directions. The plurality of lower bafiles 82 are configured to direct the blow-by gases in
a generally transverse direction.

106291 FiG. 5B schematically depicts the swirling flow of blow-by gases through the
separation chamber. Arrows with solid lines depict the blow-by gases traveling between
adjacent baffles shown in that particular view. Arrows with dashed lines depict the
blow-by gases traveling between bafiles shown in the other view. Arrows 120 depict
gases flowing belween adjacent upper baffles 72 and 74 and arrows 122 depict gases
Howing between adjacent lower baffles 82.

100301 As discussed above, esach upper baffle 72, 74, 76 and 78 depends
downwardly from the upper internal surface 30 to generally midway between the upper
internal surface 30 and the lower intemnal surface 32 in a direction perpendicular (o both
the transverse direction and longitudinal direction. Also, each lower baffle 82 extends
about midway between the lower internal surface 32 and the upper internal surface 30
in a direction perpendicular to both the fransverse and longitudinal directions. Due to
this construction, the plurality of upper baffles 72, 74, 76 and 78 and the plurality of
fower baffles 82 are configured such that the blow-by gases travel in a swirling flow
defined by a generally upward flow adjacent the first longitudinal wall 36, then a fust
generally transverse flow (depicted by solid arrows 120 in FIG. §) between adjacent

upper baffles 72 and 74 generally toward the second longitudinal wall 38, then a
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generally downwardly flow adjacent the second longitudinal wall 38, and then a second
generally transverse flow {depicted by solid arrows 122 in FIG. 5) belween adjacent
lower baffles 82 toward the first longitudinal wall 36. The upper cross baffles 76, 78
inhibit flow between the first upper baffles 72 and the second upper baifles 74
connected by the cross baffles 78, 78, thus directing the flow between respective lower
bafiles 82 in this region of the separation chamber. This resulls in the desirable swirling
airflow between the blow-by gas inlet 18 and the blow-by gas oullet 22 in the generally
tongitudinal direction.

(00311 FiG. 6B also discloses the swirling flow of blow-by gas through the separation
chamber 16. Arrows 120 depict airflow between adjacent upper baffles 72 and 74 and
arrows 122 depict airflow between adjacent lower baffles 82. FIG. 7 depicts the swirling
airflow of the blow-by gases as depicted along lines 7-7 in FiIG. 6B, Arrows having
longer tails and larger heads depict a greater velocity than arrows with smaller heads
and shorter tails in FIG, 7. The plurality of upper baffles 72, 74, 76 and 78 and the
plurality of lower bafiles 82 are configured such that the blow-by gases travel in a
swirling flow in a manner such that a greatest velocity of the swirling flow results during
the generally downward flow adjacent the second longitudinal wall 38, which is
schematically depicted in Fi(G. 7. The reduction in the cross-sectional area of the flow
path induces the increased velocily adjacent the second longitudinal wall 38. The
reduction in the cross-sectional area due to the curvalure and shape of the upper
baffles 72 and 74 allows for the greatest velocity of the swirling flow o resull during the
generally downward flow adjacent to second longitudinal wall 38. Oi mist entrained in
the blow-by gases is directed toward the second longitudinal wall 38 due o the
configuration of the upper bafiles 72, 74, 76 and 78. Due to the centrifugal force and
the oil droplets contacting the second longitudinal wall 38, the entrained oil drops out of
the swirling flow of the blow-by gases. The oil that has been separaied from the airflow
can travel along the lower surface 32 of the separation chamber 16 toward the oil outlet
24. The flow between the lower baffles 82, which generally directs swirling airflow from
the second longitudinal wall 38 toward the first longitudinal wall 36, can further direct the
oil droplets that have fallen oul of the swirling airflow toward the oif oullet 24. The oil

separaior 10 can also be mounted on the engine in a canted configuration, such as that
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shown in FIG. 7, so that gravity can also direct the separated oil droplets toward the oil
outlet 24. The oil cutlet 24 can be disposed in the separation chamber 16 generally
aligned with gas inlst 18,

166327  With reference to FIG. 8, the engine gas-cil separator can further include a
funnel 130 for collecting ol separated from the blow-by gases. With reference o FIG. §,
the funnel 130 includes an upper wall 132 spaced from the lower surface 32 of the
separation chamber 16. The funnel 130 is positioned in the separation chamber 16
adjacent the first longitudinal wall 36 and between adjacent lower baffles 82 that direct
blow-by gases toward the first longitudinal wall 36, For example, a plurality of funnels
could be provided bstween adjacent lower baffles 82 that have a solid arrow 122
disposed therebetween in FIG. 5B. The upper wall 32 spans belween adjacent lower
baffles 82 that direct airflow transversely toward the funnel 130 (and thus transversely
toward the first longitudinal wall 36). Each funnel 130 includes a pipe 134 that extends
through the first longitudinal wall 36. This pipe 134 can also define the oil outlet 24 for
the separation chamber 16. A leading edge 136, which can define an inlet of the funnel
136, can be located transversely spaced from the first longitudinal wall 38 toward the
second longitudinal wall 38 and adjacent where the generally transverse flow paraliel
with the lower surface 32 transitions toward a generally upward flow adjacent the first
fongitudinal wall 36.

106331 An engine gas-oil separator has been described above with particularity.
Madifications and allerations will cccur to those upon reading and understanding the
preceding detailed description. The invention, however, is now limited to only the
embodiments described above.  Insiead, the invention is broadly defined by the

appended claims and the equivalents thereof.

10
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CLAIMS:
1. An engine gas-cil separator for separating oil contents in blow-by gases that are
recirculated o an intake system, the separator comprising:

a head cover;

a lower plate attached 1o the head cover to defing a separation chamber batween
an upper internal surface of the head cover and a lower intermnal surface of the lower
plate;

a plurality of upper baffles disposed in the separation chamber and depending
downwardly from the upper internal surface of the head cover; and

a plurality of lower baffles disposed in the separation chamber and extending
upwardly from the lower internal surface of the lower plate, wherein the plurality of
upper baffles and the plurality of lower baflles are configured {o impart a swirling flow of

blow-by gases in a generally longitudinal direction through the separation chamber.

2. The separator of claim 1, further comprising:

a first longitudinal wall extending belween the upper internal surface and the
lower internal surface, the first ongitudinal wall defining a longitudinal first inner surface,
which further defines the separation chamber;

a second longitudinal wall extending between the upper internal surface and the
lower internal surface and spaced from the first longitudinal wall, the second longitudinal
wall defining a longitudinal second inner surface, which further defines the separation
chamber,

wherein the plurality of upper baffles includes a plurality of first upper baffles and
a plurality of second upper bafiles,

wherein adjacent the first longitudinal wall each first upper baffle is spaced a
longitudinal distance d, from an adjacent downsiream second upper bafile,

wherein adjacent the second longitudinal wall each first upper bafile is spaced a
fongitudinal distance d, from an adjacent downstream second upper baffle, wherein dyis

loss than dq.

11
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3. The separator of claim 2, wherein each second upper baffle exiends in a
generally transverse direction from a respective first upper baffle toward the second
longitudinal wall, wherein a terminal edge of each second upper baffle adjacent the
second longitudinal wall is longitudinally spaced from an end of the first upper bafile
from which the respective second upper baffle exdends and a respective void is
provided belween the respeclive second upper baffle and the first upper bafile from

which the respeclive second upper baffle extends.

4. The separator of claim 2, wherein each first upper baffle includes & central
section defining a generally planar trailing baffle surface and each second upper bafile
includes a central portion defining a generally planar leading baffle surface, wherein the
blow-by gases lravel between the trailing baffle surface and the leading baffle surface
and the leading bafile surface is oriented more closely 1o perpendicular with respect o

the longitudinal direction as compared to the trailing baffle surface.

5. The separator of claim 2, wherein the plurality of upper baffles includes a plurality
of upper cross baffles interconnecting a respeclive second upper bafile 1o an adjacent

first upper bafile upsiream from the respective second upper bafile.

8. The separator of claim 1, wherein the plurality of upper batfles includes a plurality
of first upper baffles having a generally S-shaped configuration and the plurality of lower
baffles each have a generally backwards S-shaped configuration.

7. The separator of claim 6, further comprising:

a first longitudinal wall extending belween the upper internal surface and the
lower internal surface;

a second longitudinal wall extending between the upper internal surface and the
ower internal surface and spaced from the first longitudinal wall,

wherein when viewed in a plane normal to the longitudinal direction each first
upper baffle terminates adjacent or crosses over a respective lower baffle adjacent the

first longitudinal wall.

12
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8. The separator of claim 7, wherein when viewed normal {o the longitudinal
direction each first upper baffle terminates adjacent or crosses over a respective lower

baffle adjacent the second longitudinal wall.

9. The separator of claim 1, further comprising a funnel for collecting oil separated

from the blow-by gases.

16, The separaior of claim 8, wherein the funnel includes an upper wall spaced from
the lower internal surface toward the upper intemnal surface and spanning between

adjacent lower bafiles.

11, An engine gas-oil separator for separating oil contents in blow-by gases that are
recirculated to an intake system, the separator comprising:

a head cover;

a lower plate attached to the head cover to define a separation chamber between
an upper intemnal surface of the head cover and a lower internal surface of the lower
plate, the separation chamber having a blow-by gas inlet, a blow-by gas outlet and at
ieast one oil outlel; and

a plurality of baffles disposed in the separation chamber between the head cover
and the lower plate, wherein the plurality of baffles, the upper internal surface and the
lower internal surface define a swirling flow path through the separation chamber in a
longitudinal direction between the blow-by gas inlet and the blow-by gas cutlel, whereain
the plurality of baffles are also configured to direct the blow-by gases in a generally
transverse direction, wherein the plurality of baffles are further configured to reduce a
cross-sectional area of the flow path adjacent where the blow-by gases change

direction from the generally ransverse direction 1o a generally downward direction.
12.  The separator of claim 11, wherein the plurality of baffles define a plurality of

trailing baffle surfaces and & plurality of leading baffle surfaces, wherein the blow-by

gasses iravel in the generally transverse direction between each trailing bafile surface
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and a respective adjacent leading baffle surface while traveling through the separation
chamber, wherein a longitudinal distance between each trailing baffle surface and the

raspective adjiacen! leading baffle surface decreases in the longitudinal direction.

13.  The separator of claim 11, wherein the plurality of baffles includes a plurality of
upper baffles disposed in the separation chamber and depending downwardly from the
upper internal surface of head cover and a plurality of lower baflles disposed in the
separation chamber and exitending upwardly from the lower internal surface of the lower

plate.

14.  The separator of claim 13, further comprising:

a first longitudinal wall extending between the head cover and the lower plate,
the first longitudinal wall defining a longitudinal first inner surface, which further defines
the separsation chamber, and

a second longitudinal wall extending between the head cover and the lower plate
and spaced transversely from the first longitudinal wall, the second longitudinal wall
defining a longiludinal second inner surface, which further defines the separation

chamber.

15.  The separator of claim 14, wherein the plurality of upper baffles and the plurality
of lower baffles are configured such thal blow-by gases travel in the swirling flow
defined by a generally upward flow adjacent the first longitudinal wall, then a first
generally transverse flow belween adjacent upper baffles generally toward the second
ongitudinal wall, then a generally downward flow adjacent the second longitudinal wall,
and then a second generally transverse flow between adjiacent lower haffles toward the

first longitudinal wall.

168.  The separalor of claim 15, wherein the plurality of upper baffles and the plurality
of lower batfles are configured such that blow-by gases travel in the swirling flow in a
manner such that a greatest velocity of the swirling flow resulis during the generally

downward flow adjacent the second longitudinal wall.

14
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17.  The separator of claim 14, further comprising a funnel for collecting oil separated
from the blow-by gases, whersin the funnel includes a leading edge defining an inlet to

the funnel, the leading edge being spaced transversely from the first longitudinal wall.

18. An engine gas-oil separator for separaling oil contents in blow-by gases that are
recirculated 10 an intake system, the separator comprising:

a head cover;

a lower plate attached 1o the head cover to define a separation chamber batween
an upper internal surface of the head cover and a lower inlermnal surface of the lower
plate, the separation chamber having a blow-by gas inlst, a blow-by gas outlet and at
teast one oil outlet; and

a plurality of bafiles disposed in the separation chamber between the head cover
and the lower plate, wherein the plurality of baffles, the upper internal surface and the
lower internal surface define a swirling flow path through the separation chamber in a
longitudinal direction between the blow-by gas inlet and the blow-by gas outlet, wherein
the plurality of baffles are also configured o direct the blow-by gases in a generally
fransverse direction, wherein the at least one oil oullet is disposed in the separstion

chamber generally longitudinally aligned with the gas inletl.

19. The separator of claim 11, wherein the plurality of baffles includes a plurality of
upper baffles disposed in the separation chamber and depending downwardly from the
upper internal surface of head cover and a plurality of lower baffles disposed in the
separation chamber and extending upwardly from the lower internal surface of the lower

plate.

20.  The separator of claim 13, further comprising:
a first longitudinal wall extending belween the head cover and the lower plals,
the first longitudinal wall defining a first inner surface, which further defines the

separation chamber; and

15
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a second longitudinal wall extending between the head cover and the lower plate
and spaced from the first longitudinal wall, the second longitudinal wall defining a
sacond inner surface, which further defines the separation chamber, wherein the
plurality of upper batffles and the plurality of lower baffles are configured such that blow-
by gases travel in the swirling flow in a manner such that a greatest velocity of the
swirling flow resulis during the generally downward flow adiacent the second

longitudinal wall.
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