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COMBUSTION ENGINE

(57)  An oil mist separation device (D) of an internal
combustion engine, the device comprising a filtering as-
sembly consisting of a labyrinth filter (L), a cyclone filter

FIG. 3

DEVICE AND METHOD FOR SEPARATION OF LUBRICANT OIL MIST OF AN INTERNAL

(C) and an impactor separator (W) arranged in sequence
to be flown through by a gas in which the oil mist is dis-
persed.
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Description

Cross-reference to related applications

[0001] This patent application claims priority from ltal-
ian patent application no. 102018000010913 filed on
10/12/2018.

Technical field of the invention

[0002] The invention relates to a device and a method
for the separation of oil mist of an internal combustion
engine, according to the preamble of claim 1, which cor-
responds to document DE10127817A1.

State of the art

[0003] Asitis known, endothermic engines are provid-
ed with a crankcase ventilation circuit, which is designed
to release to the outside of the crankcase itself the so-
called "blow-by" gases, namely those gases that leak
from the cylinders into the crankcase past the sealing
segments of the pistons. The ventilation is necessary
both to prevent the pressure on the inside of the crank-
case from increasing and to make up for volume changes
due to the motion of the pistons. Blow-by gases contain
atomized oil drops as well as other impurities, such as
for example unburnt particles of a carbon nature (partic-
ulate matter). The ventilation circuit can be of an open
type, namely it releases blow-by gases into the atmos-
phere, or it can be of a closed type, namely itis connected
to the intake duct of the internal combustion engine in
order to ensure the complete combustion of the particu-
late matter. In this case, there is a blow-by gas "recircu-
lation".

[0004] Whereas in the first case the oil and the partic-
ulate matter need to be separated from the gases for
evident environment and health protection reasons (the
particulate matter has carcinogenic effects), in the sec-
ond case the oil and the particular matter need to be
eliminated in order not to deteriorate the components of
engine coming into contact with the recirculated flow up
to the combustion chamber. Indeed, oil residues and par-
ticulate matter have a tendency to form residual sedi-
ments. These residues settle on the intake valves and,
in case of supercharged engines, also in the compressor
and in the intercooler, thus jeopardizing the efficiency
thereof due to an aerodynamic disturbance in the first
case and to an increased thermal resistance in the sec-
ond case. Furthermore, in catalytic vehicles, the com-
bustion of the lubricant oil possibly recirculated in the
intake has harmful effects on the exhaust gas after-treat-
mentdevice. Some oils, indeed, generate residues which
cannot be burnt and, therefore, the particulate filter can-
not dispose of them even through active regenerations.
[0005] The oil dragged in the blow-by gases, both re-
circulated and not recirculated, represents a consump-
tion which, given the same volume of the tanks used to
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contain it, typically oil pans, reduces the top-up interval.
In order to obtain the separation of the lubricant oil from
the blow-by gases, it is known to use separation or puri-
fication systems of different types, for example impactor
separators, in which the gas flow is directed, by one or
more nozzles, against a wall, which causes sudden
changes in the direction thereof; separators of this type
have a very high filtering power and/or efficiency com-
pared to other filtering devices, so that they manage to
almost entirely purify the oil mist dispersed in the blow-
by gases; however, they suffer from the drawback of gen-
erally having a relative small duration, since they are sub-
jected to conditions in which they quickly get dirty. Im-
pactor separators can also be relatively large-sized and
have high load losses when they are flown through by
the gases to be filtered.

[0006] The use of a traditional filtering element, gen-
erally a labyrinth filter, combined with an impactor sepa-
rator as proved to be unsatisfactory. Indeed, when the
filter, as a whole, needs to reach a filtering power ex-
ceeding 80%, the impactor separator has to sort out more
than 80% of the total oil dispersed in the form of mist in
the blow-by gases. Therefore, even in this case, signifi-
cantload losses occur and the impactor separator quickly
gets dirty. The cyclone filter, on the other hand, does not
even exceed 50% in terms of filtering power and, there-
fore, its use has been long abandoned.

[0007] If not specifically excluded by the detailed de-
scription below, the information contained in this part
should be considered as an integral part of the detailed
description itself.

Summary of the invention

[0008] The object of the invention is to offer a lubricant
oil mist separation device for the separation of lubricant
drops from the blow-by gases of the crankcase, said sep-
aration device allowing manufacturers to overcome, in a
simple and economic fashion, the drawbacks arising from
the known purifying devices mentioned above.

[0009] The idea on which the invention is based in that
of implementing a succession of a labyrinth filter, a cy-
clone filter and an impactor separator, which leads to a
corresponding filtering sequence.

[0010] The cyclone filter and the impactor separator
are sized so as to obtain a moderate separation of the
oil mist. This implies that one single cyclone filter is im-
plemented, which is large-sized. In other words, no high
tangential speeds need to be obtained, because only
middle-sized drops need to be recovered. Hence, one
single cyclone filter with low tangential speeds allows for
a limitation of the load loss offered by the separation de-
vice as a whole. Consequently, as far as the impactor
separator following the cyclone filter is concerned, it does
not need to have a filtering power exceeding 70%, so
that low load losses of the filtering assembly, as a whole,
are ensured.

[0011] Therefore, the filtering assembly only includes
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the aforesaid three filters, strictly in this succession.
[0012] The separation device preferably comprises
one single casing, in which three distinct housings are
obtained, which house, respectively, the aforesaid filters;
in particular, said housings can be accessed through one
single common lid.

[0013] The casing comprises at least one inlet and at
least one outlet and comprises a pneumatic path, which
establishes a communication between said at least one
inletand said atleast one outletand crosses the aforesaid
three housings, so that the gases flow through the afore-
said filters according to the sequence described above.
[0014] The pneumatic path preferably is such as to
lead the gas flow along an oscillatory motion towards and
away from a bottom wall of the casing.

[0015] According to another preferred aspect of the in-
vention, which can be combined with the previous ones,
the gas covers, in the separation device, a U-shaped
path: a first part of the path entails flowing through the
aforesaid three filters, whereas the remaining part of the
path is approximately straight.

[0016] According to another preferred aspect of the in-
vention, which can be combined with the previous ones,
the gas covers, in the separation device, a U-shaped
path having an inversion of motion, which is accom-
plished inside a valve body used to adjust the pressure
established inside the crankcase of the internal combus-
tion engine.

[0017] The aforesaid objectis reached by the invention
according to the features set forth in claim 1.

[0018] The dependant claims describe preferred em-
bodiments of the invention, thus forming an integral part
of the description.

Brief description of the figures

[0019] Furtherobjects and advantages ofthe invention
will be best understood upon perusal of the following de-
tailed description of an embodiment thereof (and of rel-
ative variants) and of the accompanying drawings offered
as mere way of non-limiting examples, wherein:

figure 1 shows an example of a device for the sep-
aration of lubricant oil mist in an internal combustion
engine, shown in an exploded view, according to the
invention;

figure 2 is a view from the top of the example of figure
1, with a removed lid;

figure 3 is a longitudinal section according to a sec-
tion plane identified by line 1lI-11l of figure 2, perpen-
dicular to the aforesaid lid;

figure 4 is a view from the top, with a transparent lid,
of the example of figure 1;

figure 5 shows, on a larger scale, a detail of figure 3.

[0020] In the figures, the same numbers and the same
reference letters indicate the same elements or compo-
nents.
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[0021] Forthe purposes of the invention, the term "sec-
ond" component does not imply the presence of a "first"
component. As a matter of fact, these terms are only
used as labels to improve clarity and should not be inter-
preted in a limiting manner.

[0022] The elements and features contained in the dif-
ferent preferred embodiments, drawings included, can
be combined with one another, without for this reason
going beyond the scope of protection of this patent ap-
plication, as described hereinafter.

Detailed description of embodiments

[0023] Figure 1 shows an exploded view of an example
of separation device D according to the invention, ac-
cording to a perspective view with exploded parts.
[0024] The separation device D comprises a casing H
with side walls LW projecting perpendicular to a substan-
tially flat bottom wall F, therefore the casing H substan-
tially is a right and hollow prism.

[0025] The casing H further comprises a lid LD, which
is distinct from the remaining parts and is designed to
operatively come into contact with the side walls so as
to close the casing H, thus preventing the gas to be fil-
tered from leaking into the atmosphere before the dis-
persed oil mist is recovered by means of the filtering as-
sembly contained in the casing H.

[0026] The casing H has a substantially oblong shape
along an axis Z; the filtering assembly consists of a lab-
yrinth filter L, a cyclone filter C and an impactor separator
W, in the same order as listed, arranged along the axis
Z. Therefore, the gas flowing through the separation de-
vice D, at first, is purified from large-sized oil drops by
means of the labyrinth filter and, then, it is further purified
by means of the cyclone filter C, which, as it is known,
uses a centrifugal acceleration to force the remaining
drops of oil towards and along the walls of the filter. Fi-
nally, the gas is led through the impactor separator W.
[0027] The axis Z of the separation device D is parallel
to the bottom wall F.

[0028] Advantageously, the coexistence ofthe cyclone
filter C and of the impactor separator W, downstream of
the labyrinth filter L, allows for low load losses of the
filtering assembly as a whole.

[0029] The labyrinth filter L is preferably designed so
as to only eliminate macro-drops and to offer, for exam-
ple, afiltering power up to 5%. However, generally speak-
ing, labyrinth filters can offer a filtering power or efficiency
up to 40%.

[0030] The cyclone filter C is preferably designed so
as to have afiltering power up to 30%. However, gener-
ally speaking, cyclone filters C can offer a filtering power
or efficiency up to 60%.

[0031] Finally, the impactor separator W is designed
so as to have a filtering power of 70% - 75%. However,
generally speaking, impactor separators can reach a fil-
tering power or efficiency up to 90%.

[0032] Therefore, the overall filtering power exceeds
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80%; indeed, in the example indicated above: 1 x 0.95 x
0.7 x0.25=0.166, wherein 0.166 represents the fraction
of oil mist flowing through.

[0033] Hence, the solution suggested herein consists
of three filtering stages in series, the first stage to which
the flow is subjected being defined by the labyrinth filter
L, second stage by the cyclone filter C and the third stage
by the impactor separator W. This arrangement allows
for a progressive reduction of the oil drops, namely for a
reduction of the number and/or dimensions of the drops,
stage after stage. Indeed, the filtering power increases
from the first to the second stage and, then, from the
second to the third stage.

[0034] Therefore, the quantity of oil reaching the third
filtering stage, which is defined by the impactor separator,
is progressively reduced by the two preceding filtering
stages, sothatthe degree of dirt of the impactor separator
W is significantly more limited compared to known solu-
tions, in which this last type of filter is used alone, without
previous filtering stages.

[0035] Thanks to this relatively low degree of dirt, the
solution suggested herein has a relatively long duration,
for example a duration corresponding to approximately
300,000 km covered by the vehicle, so that it basically
needs no maintenance or replacements.

[0036] At the same time, the overall efficiency of the
filtering assembly is extremely high, especially thanks to
the third stage defined by the impactor separator W.
[0037] Furthermore, the solution suggested herein is
relative compact, despite the presence of three filtering
stages in series.

[0038] The impactor separator W comprises a cham-
ber, preferably with a parallelepiped shape flattened
alongthe axis Z, havinganinletland an outlet U arranged
in opposite points of the chamber so as that the gas flow-
ing through it is subjected to two relevant deflections of
approximately 90°.

[0039] According to figure 5, the inlet | is defined by at
least one nozzle arranged in a position such as to direct
a corresponding flow along an axis A towards an impact
wall P, which is arranged orthogonally to the axis A. The
axis A preferably is parallel to the axis Z. In particular,
the outlet U is obtained on the wall P and has an axis B,
which is parallel to and spaced apart from the axis A. In
other words, the inlet | and the outlet U are spaced apart
from one another along the axis A and along an axis Y,
which is orthogonal to the axes A and B. Specifically, the
axis Y is orthogonal to the bottom wall F.

[0040] In particular, according to figure 1, the inlet | is
defined by two nozzles spaced apart from one another
along a direction, which is orthogonal to the axis A and
to the direction Y.

[0041] The nozzles defining the inlet | are preferably
shaped so as to accelerate the flow, namely the converge
towards the wall P.

[0042] Inside the chamber and axially in front of the
inlet | there preferably is a coalescent material mat M.
The mat M is supported in a fixed position by the wall P,
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so that it is axially spaced apart from the nozzles.
[0043] Therefore, the flow is directed by the nozzles
towards the mat M, so that the oil drops hit the mat M (or
the wall P, if there is no mat M) and merge through coa-
lescence, while the gases are deflected by approximately
90° along the axis Y so as to reach the outlet U, which
is also indicated by the flow line shown in figure 3.
[0044] In the specific example, the outlet U is obtained
on the outside of the perimeter of the mat M. According
to a variant which is not shown herein, the outlet U is
obtained on the inside of the perimeter of the mat M.
[0045] The oil recovered by the three filters slides
downwards, namely towards the bottom F, due to the
weight force and is collected in a recovery duct (not
shown), which leads the oil back to the oil pan of the
internal combustion engine through a return pipe (not
shown).

[0046] If necessary, a non-return valve is arranged
along the return pipe.

[0047] The separation device D preferably further com-
prises a regulating valve V. It is arranged downstream of
the filtering assembly so as to allow the gas to be drained
to the outside in case of overpressure or so as to choke
the recirculation of the blow-by gases, in order to maintain
a pressure, in the crankcase of the internal combustion
engine, within a predetermined pressure range. It is ev-
ident that the possibly released gas is purified from oil
mist.

[0048] The housings, which respectively house the
three filters of the filtering assembly, and the regulating
valve V are aligned along the axis Z of the casing H.
[0049] In the valve body of the regulating valve V, the
gas reverses its motion, thus flowing back in an opposite
direction compared to the one used to flow through the
filtering assembly.

[0050] Therefore,the gasfollowsaU-shaped path hav-
ing a first portion, upstream of said inversion, and a sec-
ond portion, downstream of said motion inversion; the
first portion entails the crossing of the filtering assembly,
while the second portion is approximately straight.
[0051] This U-shaped path is particularly clear with ref-
erence to figure 2, which shows the pneumatic path of
the gas to be filtered by means of thick arrows, wherein
the pneumatic path preferably starts from a firstinlet IN1,
which is obtained in a side wall of said casing H, and from
a second inlet IN2, which is obtained in said bottom wall
F, towards one single outlet OUT, which is arranged on
the other side wall of the casing H, opposite the side wall
where the first inlet IN1 is obtained.

[0052] Figure 3 shows, in a longitudinal section, the
separation device D, perpendicular to the bottom wall F
and to the lid LD. The lid LD is parallel to the bottom wall
F at least over a relative portion. Figure 3 shows the first
portion of the U-shaped path, which entails the crossing
of the filtering assembly.

[0053] With reference to figure 3, the first portion of the
U-shaped path has an oscillatory motion towards and
away from a bottom wall F of the casing.



7 EP 3 667 038 A1 8

[0054] With reference to figure 5, the heights Q1 and
Q2, according to a direction that is perpendicular to the
bottom wall F, namely parallel to the axis Y, of the cyclone
filter C and of the impactor separator W, respectively, are
differentfrom one another and, in particular, Q1 is greater
than Q2.

[0055] This fact forces the gas to make the aforesaid
movement towards the bottom wall F, in an area between
the filters C and W.

[0056] The separationdevice D described hereinis de-
signed to be associated with an internal combustion en-
gine with one or two banks. Therefore, the inlet IN2 ob-
tained in the bottom wall F of the casing H can be absent.
[0057] The bottom wall F is going to be operatively hor-
izontal, namely parallel to the ground, so as to operatively
convey the collected oil in a return pipe (not shown),
which is connected to the oil pan of the internal combus-
tion engine. The regulating valve V comprises a movable
fan Vs, which is kept in position by a helical retaining
spring S, which is arranged perpendicular to the bottom
wall F, as it is shown in figure 3. In case of overpressure
of the blow-by gas, the movable fan Vs moves against
the effect of the retaining spring S and, hence, allows the
gas to flow through an outlet Vout of the valve (figure 1),
which is obtained in the lid LD. Vice versa, in case of
depression, the movable spring VS moves in an opposite
direction so as to adjust the flow of blow-by gas, thus
adjusting the pressure on the inside of the crankcase of
the internal combustion engine.

[0058] Therefore, thelid LD forms a portion of the valve
body V.
[0059] Figure 4 shows a view from the top of the sep-

aration device D, namely a view that is perpendicular to
the bottom wall F, where, though, the lid is transparent.
[0060] Another aspect of the invention that plays a sig-
nificant role is the modular character of the separation
device D. Indeed, the three filters define respective mod-
ules engaging the respective housings in the casing H
and distinct from one another, so that they can be mount-
ed independently of one another. The three filters can
preferably be removed from their housings and, hence,
be replaced independently of one another. Furthermore,
the U-shaped pneumatic path is accomplished regard-
less of the presence, in the relative housings, of all three
filters.

[0061] The non-limiting example described above can
be subjected to variations, without for this reason going
beyond the scope of protection of the invention, compris-
ing all embodiments that, for a person skilled in the art,
are equivalent to the content of the claims.

[0062] When reading the description above, a skilled
person can carry out the subject-matter of the invention
without introducing further manufacturing details.

Claims

1. Anoil mist separation device (D) of an internal com-
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bustion engine, said device comprising a filtering as-
sembly consisting of a preliminary filter, a cyclone
filter (C) and a further filter to be flown through by a
gas in which said oil mist is dispersed; said cyclone
filter (C) being arranged in sequence after said pre-
liminary filter; said further filter being arranged in se-
quence after said cyclone filter;

characterized in that said preliminary filter is a lab-
yrinth filter (L) and said further filter is an impactor
separator.

The device according to claim 1, comprising one sin-
gle casing (H), in which three housings are provided,
the housings being engaged, respectively, by said
filters, and wherein the casing has at least one inlet
(IN; IN1, IN2) and one single outlet (OUT) and a
pneumatic path, which interconnects said at least
one inlet to said one single outlet through said three
housings.

The device according to claim 2, wherein said casing
has the shape of aright prism with respect to a bottom
wall (F), and wherein said pneumatic path is such
as to induce the gas flow along an oscillatory motion
towards and away from said bottom wall.

The device according to any one of the preceding
claims, comprising a regulating valve (V) suitable to
maintain a pressure in the crankcase of the internal
combustion engine within a predefined pressure
range; wherein said valve is arranged downstream
of said filtering assembly.

The device according to claim 4, wherein said pneu-
matic path, according to a projection on said bottom
wall (F), has a U shape, and wherein an inversion of
direction is accomplished within a valve body of said
regulating valve (V).

The device according to claim 5, wherein said U
shaped path comprises a first portion, upstream of
said inversion, and a second portion, downstream
of said inversion, and wherein said first portion of the
path entails the crossing of said filtering assembly,
while the second portion is approximately rectilinear.

The device according to any one of the claims 3 to
6, wherein a first inlet (IN1) is provided in a side wall
of said casing and a second inlet (IN2) is provided
in said bottom wall.

Aninternal combustion engine comprising an oil mist
separation device (D) according to any one of the
preceding claims 1 to 7.

A method for separation of oil mist of an internal com-
bustion engine, comprising afiltering procedure con-
sisting in sequence of a first filtering by means of
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labyrinth filter (L), a second filtering by means of cy-
clone filter (C) and a third filtering by means of an
impactor separator (W).

Aland vehicle comprising aninternal combustion en-
gine according to claim 8.
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