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(57) Abstract: A system for providing air to an internal
combustion engine comprises a crankcase ventilation unit
that receives unrefined blowby gas from a crankcase, separ-
ates oil from the unrefined blowby gas, and discharges re-
fined blowby gas. A conduit delivers the refined blowby gas
to an air cleaner housing. The air cleaner housing comprises
a tirst chamber that receives intake air through a first port, a
second chamber that receives intake air from the first cham-
ber and refined blowby gas from the conduit through a
second port, and a third chamber that receives a mixture of
intake air and retined blowby gas from the second chamber
and discharges the mixture through a third port. A primary
filter element filters the intake air as it passes from the first
chamber to the second chamber. A secondary filter element
filters the mixture as it passes from the second chamber to
the third chamber.
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SYSTEMS AND METHODS FOR CLOSED CRANKCASE
VENTILATION AND AIR FILTRATION
CROSS-REFERENCE TO RELATED APPLICATION
j0001] This application claims the benefit of and priority to LIS, Provisional
Application No. 617683 855, filed Augast 16, 2012, which is hereby incorporated by reference in

Hs entirety.

FIEELD
{0002} The present disclosure relates to closed crankease ventilation systems and air

filtration systems for use with internal combustion engines.

BACKGROUND
{0003} LS. Patent No. 8,146,574, which 13 hereby incorporated by reference in its
entirety, discloses an engine air management system for an intemnal combustion engine
generating blowby gas i a crankease containmng engine o and o1l aerosol. The system ncludes

combinations of two or maore of an air-oil separator, an air filter, and an acoustic silencer,

SUMMARY

jo004) This Summary 15 provided to mtroduce a selection of concepts that are
further described below in the Detatled Description. This Summary is not intended o identify
kev or essential features of the claimed subject matter, nor is it intended to be nsed as an aid
in hmating the scope of the claimed subject matter.

0005 The present disclosure 1s related to a system for providing combustion siv
to an internal combustion engine.  The system comprises a crankcase ventlabon onit that
receives uirefined blowby gas flom a crankcase of the internal combustion engine, that
separates oil from the unrefined blowby gas with an air-oil separator, and that discharges
refined blowby gas. An au cleaner housing has a flowpath therethrough from upstream to

downstream. A conduit connects the crankcase ventilation unit to the air cleaner housing so
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as to dehver the refined blowby gas to the air cleaner housing, thereby forming a closed
crankease ventilation system. The air cleaner housing comprises a first chamber that receives
intake air through a first port, a second chamber downstreamn of the first chamber that recetves

gas from the conduit

pas

intake air from the first chamber and that receives refined blowby
through a second port, and a third chamber downstream of the second chamber that receives a
mixtare of intake air and refined blowby gas from the second chamber and that discharges the
mixture through a third port.  The air cleaner housing further comprises a pumary filter
element that filters the intake atr as # passes from the first chamber o0 the second chamber and
a secondary filter element that filters the mixture as it passes from the second chamber to the
third chamber.

{006} Alzo disclosed s an air cleaney for providing combustion aw to a foreed
induction device located upstream of an nuternal combustion engine.  The air cleaner
comprises a housing defining a flowpath therethrough from upsiream to downstream. A first
chatsber defined by the housing receives intake alr throogh a first port and a second chamber
defined by the housing recetves mtake aw from the first chamber and refined crankcase
blowby gas through a second port. A third chamber downstream of the second chamber
receives a mixture of the intake air and the refined crankcase blowby gas from the second
chamber and discharges the mixtuwre through a third port to the forced induction deviee, A
primary filter element filters the intake air as it passes from the first chamber to the second
chamber and a secondary filter element filters the mixture as it passes from the second
chamber to the third chamber.

[0007] A method for providing combustion air to an internal combustion engine i3
also disclosed. The method comprises separating oil from unrefined crankcase blowby gas to
create refined crankcase blowby gas, passing mtake air throegh a primary dilter element,
mixing the intake air with the refined crankcase blowby gas to create a mixture of gas, and
passing the mixture of gas through a secondary filter element. The method further comprises
pressurizing the mixture of gas with a forced induction device and providing the pressurized

mixtare of gas to the internal combustion engine. The refined crankcase blowby gas is mixed

]
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with the intake air downstream of the primary filter element. The secondary filter eloment s

upstream of the forced induction device.

BRIEF DESCRIPTION OF THE DRAWINGS

j0008] Examples of systems and methods for closed crankease ventilation and air
filtration are described with reference to the following figures. The same numbers are used
threughout the figures to reference ke features and like components.

{0009} Fig. 1 iflustrates one embodiment of a closed crankcase ventilation system.

10010} Fig. 2 illustrates one embodiment of an air cleaner housing for use n closed
crankcase ventilation systems such as, for example, those disclosed heremn.

{0011} Fig. 3 illustrates another embodiment of an air cleaner housing for use m
closed crankcease ventilation systens such as, for example, those disclosed herein,

{0012} Fig. 4 schematically illustrates another embodiment of a closed crankcase
ventilation system.

j013] Fig. § illnstrates one example of a method for providing combustion air to an

internal combustion engine according to the present disclosure.

DETAILED DESCRIPTION

0014} Fig. 1 illustrates one embodiment of a system 10 for providing combustion air
to an internal comtbustion engine 12, The systen: comprises a crankcase ventilation unit 14 that
receives unrefined blowby gas from a crankcase 16 of the internal combustion engine 12. The
fow of unrefined blowby gas from the crankease 10 to the crankease ventilation vt 1448 shown
by the arrow 18, The crankcase ventilation unit 14 separates ot from the unretined blowby gas
with an air-oil separator 20 and discharges refined blowby gas, as shown by the arvow 22

{015 in the embodiment shown, the air-oil separator 20 includes a coalescer 24,
The internal combastion engine 12 generates blowby gas in the crankease 16, which containg
engine ol 26 and ol aerosol. The air-oil separator 20 receives blowby gas, as shown by arrow

18, through inlet 28, The blowby gas is unrefined when it enters at the mlet 28 of the air-ail

iy
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separator 20, The vnrefined blowby gas is then passed through the coaglescer 24, which m the
embodiment shown comprises a coalescing filter media element that causes il in the unrefined
blowby gas 1o coalesce withidon the filter media and to drain 1o a lower portion 30 of the air-oil
separator 20, as shown by the arrow 32, After passing through the coalescer 24, the blowby gas
is refined. The refined blowby gas then exits through the outlet 34 of the air-oil separator 20, as
shown by the arrow 22, (il that has collected in the lower portion 30 of the air-oil separator 20
dratns back to the crankcase 16 via drain ine 36,

{0016} Though the atr-oil separator 20 1s shown herefn as comprising a coalescer 24,
it should be understood that many other types of air-oil separators could be provided, such as
those shown and described in UK. Patent Nos. 7614 390; 7690 029; 7 840 841 and 7 870,850,
each of which is mcorporated by reference hevein wm its entivety.  For example, the aiv-oil
separator 20 may comprise an mpactor separator or a centrifugal separator.

{0017} The system 10 further comprises an air cleaner 38 having a housing 40
having a flow path therethrough from upstream as shown at arrow 42 to downstream as shown at
arrow 44, A conduit 46 connects the crankease ventilation unit 14 to the aiv cleaner housing 40
50 as to deliver the refined blowby gas to the air cleaner housing 40, as shown by arrow 48,
thereby forming a closed crankcase ventilation system, as will be described further herein below.

j0018] The air cleaner housing 40 comprises a first chamber S0 that receives intake
air through s first port 52 as shown by the arrow 54, The intake air can be provided through an
intake tube (not shown herein} that convayvs air from the atmosphere sarrounding the system 10
to the air cleaner housing 40. The air cleaner housing 40 further comprises a second chamber 36
downstream of the fivst chamber 50 that recetves mtake air from the first chamber, as shown by
arrow 58 and that recetves refined blowby gax from the conduit 46 through a second port 60, as
shown by the arrow 62, The atr cleaner housimg 40 further comprises a third chamber 64
downstream of the second chamber 56 that receives a mixtare of intake air and refined blowby
gas frow the second chamber 56, as shown by the arrow 66 and that discharges the mixture
through a third port 68, as shown by the arrow 70,

0019} The air cleaner housing 40 forther comprises a primary filter element 72 that

e
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fillers the tntake atr as it passes from the first chamber 50 10 the second chamber 56 The
primary filter element 72 may comprise a standard cold air mtake filter. The air cleaner housing
40 further comprises a secondary filter element 74 that filters the mixture gs it passes from the
second chamber 56 to the third chamber 64, The secondary filter element 74 may comprise a
standard air filter, an oleophobic medium, & coalescing flter, a rotating coalescing filter, or foam,
as will be described farther herein below.

{0028} In the embodiment shown in Fig. 1, the systern 10 further comprises a forced
induction device 76 downstream of the air cleaner 38 that receives the mixture of intake aw and
refined blowby gas discharged from the air cleansr housing 40. The forced induction device 76
pressurives the mixture betore # reaches the internal combustion engine 120 The forced
induction device 76 receives the mixture of mtake air that was discharged from the air cleaner
housing 40, as shown by arrow 70, and discharges pressurized atr, as shown by amrow 78, to the
internal combustion engine 12, In one example, the forced induction device 76 can be a
supercharger mechanically driven by a belt, gear, shaft, or chain connected to a crankshaft 15
of the engine 12 {connection not shown}. In another embodiment, the forced indaction device
76 can be a wrbocharger powered by an exhaust-gas driven twrbine. In either embodiment, the
forced mduction device 76 comprises an air compressor with blades that increase the pressure,
temperature, and density of the mixture of intake an and refined blowby gas before delivermmg
the mixture to the internal combustion engine 12,

{0021} The system 10 is considerad a "closed crankcase ventilation system” because
blowby gas is not vented directly to the atmosphere at any point. The primary filter element 72
prevents the refined blowby gas dehivered to the aw cleaner housing 40 from the crankoease
ventilation unit 14 (via conduit 46 and secomd port 60) from venting to the atmosphere unless i
is filterad by the primary filter element 72 first. Additonally, comection of the third chamber 64
to the forced mduction device 76 via the third port 68 assures that the mixture of mtake air and
refined blowby gas s not vented to the atmosphere, but rather retumed to the internal
combustion engine 12 via the forced induction device 76.

0022} Despite the use of crankease emission filtration methods, for example the use
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of an air-cil separator 20, there 18 evidence that some il gerosol n the relined blowby gas still
makes it to the clean air intake ducting before the forced induction device 76, causing the forced
induction device’s compressor blades to be coated with oil.  This reduces the isentropic
efficiency of the forced induction device 76, thereby reducmyg the overall efficiency of the
internal combustion engine 12 and decreasing fuel ethiciency. The location of the secondary
filter elemient 74 as being downstream of the second inlet 62 provides a benelit i that the refined
blowby gas is further filtered by the secondary tilter element 74 prior to being delivered to the
forced mduction device 76, 1o one embodiment, the secondary tilter element 74 further separates
oil from the refined blowby gas to help maintain clean compressor blades within the forced
induction device 76.

{0023} Further, the presence of the secondary filter element 74 prevents or nunimizes
the chances that debris or 1ce will reach the compressor blades of the forced induction device 76
If the forced mduction device’s compressor blades are contacted by debnis or tce, they may be
damaged. Therefore, the presence and location of the secondary filter element 74 provides
additional protection to the compressor blades of the forced mduction device 76 from debris, itce,
and oil asrosol, which may damage or negatively affect the efficiency of the forced mduction
device 76, In one embodiment, the secondary filter element 74 filters ice chips that form from
mixing refatively colder intake air, shown entering the ay cleaner housing 40 at arrow 34, with
relatively hotter refined blowby gas, shown entering the air cleaner housing 40 at arrow 62, from
reaching the forced induction device 76

{0024] Now with reference to Fig 2, an embodiment in which the secondary filter
element 74' compnses a coalescing filter will be described. Cold intake awr enters the air cleaner
housing 40 via the first port 52, as shown by arrow 54, Axr flows through the primary filter
element 72 as shown by arrows 80 and 18 then passed to the second chamber 56, as shown by
arrows 58, The intake awr is then mixed with refined blowby gas that enters the second chamber
56 vig the second port 60 as shown by the arrow 62, The mixture of intake air and refined
blowby gas then passes into the third chamber 64 as shown by the arrows 66, From here, the

mixture of gas flows in an inward-ont (inside-out) manner as shown by the arrows 82 through

G-
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the secondary filter element 74, here comprising 4 coalescing filter, In one embodimeny, the air
cleaner housing 40 comprises a cyhindrical housing baving an annular gap &4 between the
secondary filter eloment 74 and an inner swface 86 of the alr cleaner housing 40, Alter the
mixture flows in the mward-out {inside-ont} direction as shown by the arrows 82, it circulates
within the annular gap 84 and exits via the third port 68 as shown by the arrow 70. Qil contained
in the mixtare coalesces within/on the secondary filter elemnent 74°, here comprising a coalescing
filter, and dratns to g lower portion 91 of the air cleaner housing 40, In this embodiment, a dramn
pott 90 15 provided in the air cleaner housing 40 to allow ol that 18 separated from the refined
crankcase blowby gas to exit the air cleaner housing 40, Such oil could be returned to the

crankcase 16 by drainage of oil through the deain port 90 via a dram line 92 {see Fig. 1)

{0025] Tarming to Fig. 3, in another enthodiment the secondary filter element 747

comprises a rotating coalescing filter. In the emnbodiment shown, the rotating coalescing flter is
coupled 1o a shaft 88 extending @aally into the air cleaner housing 40, The chaft 8 1s driven to
rotate, for example by connection to a drive pulley of the internal combustion engine 12, or by a
fluid motor.  Such a rotating coaleseing filter is for example further described i US. Patemt
Application No. 12/969.735 (1.8, Patent Pablication No. US 2011/0180052), the disclosure of
which is hereby incorporated by reference in its entirety, and will therefore not be described
more fully herein.

0026} As with Fig. 2, 10 Fig 3 cold intake air enters first port 52 as shown by arrow
34, flows through primary filter element 72 as shown by arrows 80, flows nto second chambey
56 as shown by arrows 58, and is mixed with refined blowbv gas entering via second port 60 as
shown by arow 62, The mmxture of intake awr and refined blowby gas then Hows mto third
chamber 64, as shown by arrows 66, Here, the nuixture of intake air and refined blowby gas 15
pumped by the centrifugal force of the rotating coalescing filter in an inward-out Gnside~-out)
direction as shown by the arrows 82. The mixture then exis the rotating coalescing filter and
circulates through the anuular gap 84 until @ eventually exits the air cleaner housing 40 through
third port 68 as shown by the arrow 70, Qi that has coalesced within/on the secondary filter

element 74”, here comprising a rotating coalescing filter, drains to the lower portion 81 of the air
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cleaner housing 40 and exits via dram port 90, 1o be returmed via drain hioe 92 1o the crankease 16
{see Fig. 1)

{0027} As described heretn above, the secondary Hiter element 74, 74, 74" can take
many forms, depending on the result or application desired. The secondary filter element 74 can
comprise a standard air filter (Fig. 1), and in one embodiment could comprise the same material
as the pomary filter element 72.  In another embodiment, the secondary filter element 74
comprises foant. In such an embodiment, the secondary filier element 74 may filter debris
andior we chunks from the mixed intake air and refined blowby gas prior to the mixture being
delivered to the forced mnduction device 76, In such an embodiment, the secondary filter element
74 may need to be accessible from the exterior of the air cleaner housing 40 such that it can be
replaced when it 15 coated with enough oil thar its efficlency has decreased.  In another
embodiment, the secondary filter element 74 comprises an oleophobic medivm that s reststant to
plugging from o1l m the blowby gas.

j0028] In another embodiment, the secondary filter element 74' can comprise a
coalescing filter that further separaies oil from the refined crankease Mowby gas (Fig. 2). {f the
secondary filter element comprises a coalescing filter, the secondary filter element may need o
be accessible for servicing as the useful ife of the coalescing filter decreases. The secondary
filter element 74" may filter debris andfor 1ce chunks from the mixed mtake aw and refined
blowby gas prior to the mixture being delivered to the forced mduction device 76.

{0029} In another embodiment, the secondary filter element 74" can comprise a
rotating coalescing filter (Fig. 3). The rotating coalescing filter may not need 1o be accessible
from the exterior of the air cleaner housing ) for servicing, because oil 18 shed from the rotating
coalescing filter due to centrifugal torce and the useful life of the rotating coalescing filter can
thereby be extended. The secondary filier element 74" may filter debns andior tce chunks from
the mixed intake air and refined blowby gas prior to the mixture being delivered to the forced
induction device 76.

j0030] Now with reference to Fig. 4, a second embodiment of a systems 10 for

providing combustion air 1o an internal combustion engine 12 will be deseribed. As with Fig. 1,
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blowby gas is discharged from the internal combustion engine 12 1o the caankease ventilation
unit 14, as shown by amrow I8, The crankease ventilation unit 14 separates oil from the
unrefined blowby gas with an air-oil separator 20 as descoribed further hercinabove, and
discharges refined blowby gas, as shown by arrow 22, The refined blowby gas is provided 1o air
cleaner housing 40 through a second port 60, as shown by arrow 62. Meanwhile, intake air
enters air cleaner housing 40 through fivst port 52, as showa by arvow 54, Afier passing through
primary filter element 72, the intake air enters second chamber 56, where it is mixed with the
refined blowby gas. This mixture of intake air and refined blowby gas is then passed throogh
secondary filter element 74 to third chamber 64, from where i is then discharged through third
port &R to a forced mduction device 76, as shown by arrow 70.

{0631] 1o the embodiment of Fig. 4. a mass aw flow sensor 94 15 provided swithin the
system 10°. The mass air flow sensor 94 senses the mass flow rate of ai entenng the intemnal
combustion engine 12, A flowpath through the air cleaner housing 40 i¢ defined from upstream
at arrow 42 to downstream at arrow 44, The mass air flow sensor 94 is located downstreant of
the first port 32 and vpstream of the second port 60. The mass air How sensor 94 15 further
located downstream of the primary Glter element 72, Placement of the mass air flow seasor 94
upstream of second port 60 ensures that the mass air flow sensor 94 is not affected by
recircufation of the refined blowby gas entering at second port 60, such as by ot aeresol
contained m the blowby gas. Placement of the mass air flow sensor 94 downstream of the
primary filter element 72 ensures that the mass air flow sensor 94 is not damaged by debris that
might be present in the unfiltered intake air.

[0032] With reference to each of Figs. 1-4 above, an air cleaner 38 for providing
combustion air to a forced induction device 76 located upstream of an imtermnal combustion
enging 12 will be deseribed. The alr cleaner 38 comprises a housing 40 defining a flow path
therethrough from upstream {as shown at arrow 42) to downstream {as shown at arrow 44). The
air cleaner 38 further comprises a first chamber 50 detined by the housing 40 that receives intake
air through a first port 32 and a second chamber 36 defined by the housmg 40 that receives

intake air from the first chamber 50 and refined crankcase blowby gas through a second port 60,
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The rehined crankcease blowby gas is delivered 1o the second port 60 from a crankease ventilation

pas from a crankcase 16 of the internal

fas

unit 14 that recetves umefined crankcase blowby
comsbustion engine 12, separates oil from the wnrefined crankcase blowby gas with an air-oil
separator 20, and discharges the refined crankcase blowby gas. The air cleaner 38 further
comprises a third chamber 64 downstream of the second chamber 56 that receives the mixture of
the intake air and refined crankcase blowby gas from the second chamber 56, and discharges the
mixtare through a third port 68 to the forced tnduction deviee 76.

0033} The air cleaner 38 further compnises a prunary filter element 72 that filters the
intake air as is passes from the first chamber 50 10 the second chamber 536 and a secondary filter
clement 74, 74, 74" that filters the mixture as @t passes from the second chamber 56 to the third
chamber 64. In one embodiment, the secondary filier element 74 comprises foant. In one
embodiment, the secondary filter elemwent 74 comprises an oleophobic medium. I some
embodiments, the secondary filter element 74, 74" further separates ol from the refined
crankcase blowby gas.  In one embodiment, the secondary filter element 74 comprises a
coalescing filter (Fig. 2).  In another embodiment, the secondary Blter element comprises a
rotating coalescing filter (Fig. 3. Each embodiment of the secondary filter element 74, 74, 74"
prevents debris from reaching the forced induction device 76 Each embodiment of the
secondary filter element 74, 74, 74" also prevents ice formed from relatively colder mtake air
mixing with relatively hotter refined crankcease blowby gas from reaching the forced induction
device 76,

{0034] The air cleaner 38 mayv further comprise a mass air flow sensor 94 in the
housing 40 downstream of the first port 52 and gpstream of the second port 60, In one
embodiment, the mass air flow sensor 94 18 located downstrean: of the primary filter element 72,

{0035] Now with reference fo Fig. 3, one embodiment of a method for providing
combustion air to an mtemal combustion engine 12 will be described. The method comprises
separating oil from unrefined crankease blowbv gas fo create refined crankease blowby gas, as
shown at box 200, The method further comprises passing intake air through a prmary filter

element 72, as shown at box 202, The method further compnises mixing the intake air with the

-1
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refined crankease blowby gas to creste a mixture of gas, as shown at box 204, In one
embodiment of the method, the vefined crankcase blowby pas s mixed with the intake aw
downstream of the primary filter element 72 and the secondary filter clement 74 is upstream of a
forced mduction device 76, The method further comprises passing the mixture of gas through a

¥

secondary filter element 74, 74, 74", as shown at box 206, The method further comprises
pressurizing the mixture of gas with the forced induction device 76, as shown at box 208, The
method further comprises providing the pressurized mixture of gas o the imternal combustion
engine 12, as shown at box 210,

[0036] According 10 one embodimant of the method, the intake air and the refined
crankcase blowby gas are mired within an air cleaner housing 40, so as to form a closed
crankcase ventilation system. The secondary filter element 74, 74', 74" prevents debris from
reaching the forced indoction device 76, The secondary filter clement further prevents ice
formed from relatively colder intake air mixing with relatively hotter vefined crankcase blowby
gas from reaching the forced induction device 76.

{037} The miethod may forther comprise sensing air flow i the aiv cleaner housing
40 downstreans of the primary filter element 72 and upstream of the secondary filter element 74,
74, 74", The method may further comprise sensing air flow upstream of a port 60 in the an
cleaner housing 40 where the refined crankcase blowby gas enters the air cleaner housing 40.
The method may further comprise further separating oil from the refined crankease blowby gas
with the secondary filier element 74, 74", 74",

{0038 The disclosure hereinabove allows the return pornt (second port 60} for the
crankease ventilation blowby gas to be moved forward in the air intake systern 1), 10" between
the primary filter element 72 and the secondary filter element 74, 74, 74" of the air cleaner 38,
thus achieving further filtration via the secondary filter element 74, 74, 74" The secondary filter
clement 74, 74, 74" provides additional filteation of the crankcase bowby gases, thereby
reducing the amount of oil acrosol that reaches the forced induction device 76, and thereby
reducing the poisoning of the compressor blades in the forced induction device 76, An option

enabled by the present disclosure is to place the return pont for the refined blowby gases {second

~1i-
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b1

port 60} between the primary and secondary filter elements 72, 74, 74°, 747, The return port for
the refined blowby gases (second port 60) is mserted in the space between the primary and
secondary filter elemems 72, 74, 74, 74", This altows the secondary filter slement 74, 747, 74" o
act as a final filiration 1o crankcase ventilation emissions, thereby reducing the amownt of oil
acrosol flowing into the clean air intake system and thereby increasing fuel efficiency.

{0039] in the above description, certam terms have been used for brevity, clanity, and
understanding, No unnecessary Hmitations are 1o be inferred therefrom bevond the requirement
of the prior art becapse soch terms are used for descriptive purposes and are mtended to be
broadiy construed. The different systems and method steps described herein may be used alone
or in combination with other systems and methods. It is to be expected that various equivalents,

alternatives and modifications are possible within the scope of the appended claims.  Each
limitation m the appended claims ts intended to invoke interpretation under 35 U.S.C0 §H12{6),
only if the terms "means for™ or "step for" are explicily recited in the respective hmitation.
While each of the method claims includes a specific series of steps for accomplishing certain
functions, the scope of this disclosare 15 not miended to be bound by the hiteral order or hiteral

content of steps described herein, and non-substantial differences or changes stll fall within

the scope of the disclosure.
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CLAIMS
What is claimed 15
i A system for providing combustion alr 0 an internal combustion

engine, the systam comprising:

a crankcase ventilation unit that receives unretined blowby gas from a
crankcase of the infernal combustion engine, that separates oil from the unretined blowby gas
with an atr-oil separator, and that discharges refined blowby gas;

an air cleaner bousing having a Howpath therethrough from apstteam to
downstreany, and

a conduit that connects the crankease ventilation unit to the air cleaner housing
so as to deliver the refined blowby gas to the air cleaner housing, thereby forming & closed
crantkcase ventilation systemy;

wherein the air cleaner housing comprises:

a first chamber that receives mtake air through a first port;

a second chamber downstream of the first chamber that recetves intake
atr from the fust chamber and that receives refined blowby gas from the conduit
through a second port;

a third chamber downsiream of the second chamber that receives a
mixture of imtake air and refined blowby gas from the second chamber and that
discharges the mixture through a third port;

a primary filter element that filters the intake air as it passes from the
{irst chamber to the second chamber; and

a secondary filter element that filters the wixture gs it passes from the

second chamber to the third chamber,
2. The systent of claim 1, further comprising a forced induction device

downstream of the air cleaner housing that pressurizes the mixture before it reaches the

nternal combustion engine,

~13.



WO 2014/028729 PCT/US2013/055130

N

3 The system of claim 2, wherein the secondary filter element prevents

debris from reaching the forced induction device.

4. The system of claim 3, wherein the secondary filter element prevents
we formed from muxing relatively colder mntake air with relatively botter refined blowby gas

from reaching the forced induction device.

3. The system of claim 1. wherein the secondary filter element further

separates oil from the refined blowby gas.

6. The system of claim 3, wheremn the secondary filter element comprises

a coalescing hilter.

7. The svstem of claim 6, wheremn the secondary filter element comprises

a rotating coalescing filter.

8. The system of clatm 1, wherein the secondary filter element comprises
foam.
9. The system of claim 1, wheremn the secondary filter element comprises

an oleophobic medium.
10, The systemy of claim I, wherem the air cleaner housmg farther
comprises a mass air flow sensor located downstream of the first port and upstream of the

second port,

11, The system of claim 10, wherein the mass air flow sensor is located

<14
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downstream of the primary filter element,

120 An air cleaner for providing combustion air to a forced sduction
device located upstream of an mternal combustion engine, the aw cleaner comprising:

a housing defining a flowpath therethrough from upstream to downstreany;

a first chamber defined by the housing that receives mtake air through a first
port;

a second chamber defined by the housing that receives mtake air from the first
chamber and refined crankcase blowby gas through a second port;

g third chamber downstream of the second chamber that receives 8 mixture of
the intake air and the refined crankcase blowby gas from the second chamber and discharges
the mixture through a third port to the forced mduction device;

a primary filter element that filters the intake aw as it passes from the frst
chamber to the second chamber; and

a secondary filter element that fiters the mixture as # passes from the second

chamber 1o the third chamber.

13, The air cleaner of claim 12, wherein the refined crankease blowby gas
15 delivered 1o the second port from a crankease ventilation onit that receives unrefined
crankcase blowby gas from a crankease of the mternal combustion engine, separates oil from
the unrefined crankcase blowby gas with an air-oil separator, and discharges the refined

crankcase blowby gas.

14, The awr cleaner of clan 13, wherein the secondary filter element

further separates oil from the refined crankcase blowby gas.

15, The aw cleaner of claim 14, wherein the secondary filter element

comprises a coalescing filter.
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16, The air cleaner of claim 135, wherein the secondary filter elament

comprises g rotating coalescing filter,

17.  The air cleaner of claim 12, whereln the secondary filter clement

comprises foam.

1

o

The air cleaner of claim 12, wheremn the secondary filter element

comprises an oleophobic medium.

18, The aw cleaner of clamm 12, wherein the secondary filter element

prevents debris from reaching the forced induction device.

20, The air cleaner of ¢laim 19, wherein the secondary filter elememt
prevents ice formed from relatively colder mtake air mixing with relatively hotter refined

crankcase blowby gas from reaching the forced induction device.,

21, The air cleaner of clamm 12, further comprising a mass air flow sensor

i the housing downstream of the first port and upsiream of the second port.

22, The air cleaner of claim 21, wherein the mass apr flow sensor is

downstream of the primary filter element.

23, A method {for providing combustion air o an mmternal combustion
engine, the method comprising:

separating oil from unrefined crankcase blowby gas 1o create refined crankcase
blowby gas;

passing intake air through a primary filter element;

~ 16
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mixing the wtake air with the refined cravnkease blowby gas to create a mixiure
of gas;

passing the mixture of gas through a secondary filter clement;

pressurizing the mixture of gas with a forced induction device; and

providing the pressurized mixture of gas to the internal combustion engine;

wherein the refined craskease blowby gas s mixed with the intake aw
downstream of the primary filter element; and

whereins the secondary Blter element is upstream of the forced induction

device.

24, The method of claim 23, wherein the intake air and the vefined
crankcase blowby gas are puxed within an air cleaner housing, 50 as to form a closed

crankcase ventifation system,

25 The method of claim 24, wherein the secondary filter element prevents

debris from reaching the forced induction device.

26, The method of claim 25, wherein the secondary filter element prevents
we formed from relatively colder itake air mixing with relatively hotler refined crankcase

blowby gas from reaching the forced mduction device.

27 The method of claim 24, further comprising sensing ar flow m the air
cleaner housing downstrean: of the primary filter element and upstrean: of the secondary filter

clement.
28, The method of claim 28, fnther comprising sensing air flow apstream

of a port in the air cleaner housing where the refined crankcase blowby gas enters the aw

cleaner housing.

~17-
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29, The method of claim 23, further comprising further separating ot from

the refined crankcase blowby gas with the secondary filter element.

~18-
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FIG. 1
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