wo 2017/040256 A1 | I 0N O OO0 0 AR

(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 2017/040256 A1

9 March 2017 (09.03.2017) WIPO I PCT
(51) International Patent Classification: sin 53705 (US). PARIKH, Chirag D.; 3326 Bradbury
BOI1D 45/12 (2006.01) FOIM 13/04 (2006.01) Road, Madison, Wisconsin 53719 (US). PAN-
B01D 46/00 (2006.01) EERSELVAM, Suryanarayanan; 15 S. Blair St., Madis-
Q1) International Application Number: 01;1, Wisconsin 5?1703 (US). HERMAN(,UPG):ter K.; 1849

) Chapin Ct, Stoughton, Wisconsin 53589 (US).
PCT/US2016/048912 i i
. o1 ) (74) Agents: BROWN, Marshall J. et al.; Foley & Lardner
(22) International Filing Date: 26 August 2016 (26.08.2016) LLP, 3000 K St. NW., Washington, District of Columbia
ugus e 20007 (US).

(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
(30) Priority Dat AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
riority ~ata. BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(71) Applicant: CUMMINS FILTRATION IP, INC HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
[US/US]; 500 Jackson Street, Columbus, Indiana 47201 KZ, LA, LG, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(US). MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(72) Inventors: SCHWANDT, Brian W., W6621 Grogan SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

Road, Fort Atkinson, Wisconsin 53538 (US). HOLM,
Christopher E.; 3909 Plymouth Circle, Madison, Wiscon-

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: ROTATING COALESCING ELEMENT WITH DIRECTED LIQUID DRAINAGE AND GAS OUTLET

(57) Abstract: A rotating coalescer having an ejected coalesced liquid
separating device is described. The separating device prevents re-en-

100~
106
-
j T T
E 112
1501 ] ] MH— 1134
108~ = .
ba, | 132
Attt tio
132
- =
-6
102+ |
] =t
114

trainment of liquid into a stream of filtered gas. The rotating coalescer
includes a rotating filter element or coalescing cone stack positioned
within a rotating coalescer housing. The outer surface of the rotating
filter element or the outlet of the coalescing cone stack is displaced
from the inner surface of the rotating coalescer housing. The gap
between the rotating filter element or the coalescing cone stack and the
rotating coalescer housing allows for ejected coalesced liquid, such as
oil, to accumulate on the inner surface of the rotating coalescer hous-
ing for drainage and allows for filtered gas, such as air, to exit through
a clean gas outlet of the rotating coalescer housing.
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ROTATING COALESCING ELEMENT WITH DIRECTED LIQUID
DRAINAGE AND GAS OUTLET

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/211,538, entitled “ROTATING COALESCING ELEMENT WITH DIRECTED LIQUID
DRAINAGE AND GAS OUTLET,” by Schwandt et al., filed on August 28, 2015 and the

contents of which are herein incorporated by reference in the entirety and for all purposes.
TECHNICAL FIELD
[0002] The present application relates to rotating coalescing elements.
BACKGROUND

[0003] During operation of an internal combustion engine, a fraction of combustion gases can
flow out of the combustion cylinder and into the crankcase of the engine. These gases are often
called “blowby” gases. The blowby gases include a mixture of aerosols, oils, and air. If vented
directly to the ambient, the blowby gases can harm the environment. Accordingly, the blowby
gases are typically routed out of the crankcase via a crankcase ventilation system. The
crankcase ventilation system may pass the blowby gases through a coalescer (i.e., a coalescing
filter element) to remove a majority of the aerosols and oils contained in the blowby gases. The
coalescer includes filter media. The filtered blowby gases (“clean” gases) are then either
vented to the ambient (in open crankcase ventilation systems) or routed back to the air intake
for the internal combustion engine for further combustion (in closed crankcase ventilation

systems).

[0004] Some crankcase ventilation systems utilize rotating coalescers that increase the filter
efficiency of the coalescing filter elements by rotating the filter media during filtering. In
rotating filter cartridges, the contaminants (e.g., oil droplets suspended and transported by

blowby gases) are separated inside the filter media of the filter cartridge through the particle
1
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capture mechanisms of inertial impaction, interception, diffusion, and gravitational forces onto
the fibers. By rotating the filter media, inertial impaction and gravitational forces are enhanced
by the additional centrifugal force. Additionally, the rotation of the filter cartridge can create a
pumping effect, which reduces the pressure drop through the filtration system. Rotating filter

cartridges may include fibrous filters as well as centrifugal separation devices.

[0005] The centrifugal forces caused by the rotation tend to eject coalesced liquid droplets
along the entire axial height of the filter media. Depending on the location of ejection and the
speed of rotation, the separated liquid droplets may be re-entrained into the flow stream of
filtered air. Further, the ejected liquid droplets may be collected on a stationary surface of the
coalescer housing at an undesirable area. This increased liquid carry-over of the rotating
coalescer can reduce the efficiency of the filtration system. Further, the increased liquid carry-
over can make it difficult to position a gas flow outlet for the coalescer housing directly
opposite of the rotating coalescer outer diameter due to direct ejection of the coalesced droplets

towards the outlet.
SUMMARY

[0006] One example embodiment relates to a filtration system. The filtration system includes
a filtration system housing having an inlet and an outlet. A rotating coalescer element is
positioned within the filtration system housing and in fluid communication with the inlet and
the outlet. The rotating coalescer element is configured to separate a suspended liquid from a
fluid received through the inlet. The rotating coalescer element includes a first endplate, a
second endplate, and a coalescing device positioned between the first endplate and the second
endplate. The rotating coalescer element further includes a rotating coalescer housing
extending between and coupled to the first endplate and the second endplate. The rotating
coalescer housing is radially displaced from an outer surface of the coalescing device such that
a gap exists between an inner wall of the rotating coalescer housing and the outer surface of the
coalescing device. The rotating coalescer housing includes a clean gas outlet adjacent the first

endplate and a liquid outlet adjacent the second endplate. The rotating coalescer housing
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including a circumferential ring positioned near the gas outlet that prevents separated liquid

accumulated on the inner wall from passing through the clean gas outlet.

[0007] Another example embodiment relates to a rotating coalescer element. The rotating
coalescer element is configured to separate a suspended liquid from a fluid. The rotating
coalescer element includes a first endplate, a second endplate, and a coalescing device
positioned between the first endplate and the second endplate. The rotating coalescer element
further includes a rotating coalescer housing extending between and coupled to the first
endplate and the second endplate. The rotating coalescer housing is radially displaced from an
outer surface of the coalescing device such that a gap exists between an inner wall of the
rotating coalescer housing and the outer surface of the coalescing device. The rotating
coalescer housing includes a clean gas outlet adjacent the first endplate and a liquid outlet
adjacent the second endplate. The rotating coalescer housing including a circumferential ring
positioned near the gas outlet that prevents separated liquid accumulated on the inner wall from

passing through the clean gas outlet.

[0008] These and other features, together with the organization and manner of operation
thereof, will become apparent from the following detailed description when taken in
conjunction with the accompanying drawings, wherein like elements have like numerals

throughout the several drawings described below.
BRIEF DESCRIPTION OF THE FIGURES

[0009] FIG. 1 shows a cross-sectional view of a filtration system is shown according to an

example embodiment.

[0010] FIG. 2 shows a cross-sectional view of the rotating filter element of the filtration

system of FIG. 1.

[0011] FIG. 3 shows a perspective view of the rotating filter element of the filtration system
of FIG. 1.
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[0012] FIG. 4 shows another perspective view of the rotating filter element of the filtration
system of FIG. 1.

[0013] FIG. 5 shows another cross-sectional view of the rotating filter element of the

filtration system of FIG. 1.

[0014] FIG. 6 is a cross-sectional view of a rotating coalescer element according to an

example embodiment.

[0015] FIG. 7 is a cross-sectional view of a rotating filter element according to another

example embodiment.
DETAILED DESCRIPTION

[0016] Referring to the figures generally, a rotating coalescer having an ejected coalesced
liquid separating device is described. The separating device prevents re-entrainment of liquid
into a stream of filtered gas. The rotating coalescer includes a rotating filter element or
coalescing cone stack positioned within a rotating coalescer housing. The outer surface (i.e.,
the clean side) of the rotating filter element or the outlet of the coalescing cone stack is
displaced from the inner surface of the rotating coalescer housing. The gap between the
rotating filter element or the coalescing cone stack and the rotating coalescer housing allows for
ejected coalesced liquid, such as oil, to accumulate on the inner surface of the rotating
coalescer housing for drainage and allows for filtered gas, such as air, to exit through a clean
gas outlet of the rotating coalescer housing. In some arrangements, the rotating coalescer
housing includes a rib that prevents accumulated liquid from flowing through the clean gas
outlet. In further arrangements, the inner surface of the rotating coalescer housing is angled to

assist with drainage of the accumulated liquid.

[0017] Referring to FIG. 1, a cross-sectional view of a filtration system 100 is shown
according to an example embodiment. The filtration system 100 includes a filtration system
housing 102 having an inlet 104 and an outlet 106. The filtration system housing 102 is a
stationary housing. The inlet 104 receives fluid to be filtered, such as crankcase blowby gases,

and the outlet 106 outputs filtered fluid to a system, such as an internal combustion engine
4
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(e.g., a diesel internal combustion engine). The filtration system 100 includes a rotating filter
element 108. The rotating filter element 108 is a rotating coalescer element. The rotating filter
element 108 includes filter media 110. The filter media 110 shown in FIG. 1 is arranged in a
cylindrical shape. The filter media 110 is a coalescing fibrous filter media. The rotating filter
element 108 includes a first endplate 112 and a second endplate 114. The filter media 110 is
positioned between the first endplate 112 and the second endplate 114. In some arrangements,
the filter media 110 is sealed to the first endplate 112 and the second endplate 114. The
rotating filter element 108 further includes a rotating coalescer housing 116. The rotating
coalescer housing 116 extends between and is coupled to the first endplate 112 and the second
endplate 114. The rotating coalescer housing 116 is radially displaced from an outer surface of
the filter media 110. Generally, the rotating filter element 108 separates a suspended liquid in
the fluid. In arrangements where the filtration system 100 is a crankcase ventilation system, the
rotating filter element 108 separates oils and aerosols suspended in the crankcase blowby gases.
The rotating filter element 108 is described in further detail below with respect to FIGS. 2
through 7.

[0018] Referring to FIGS. 2 through 5, various views of the rotating filter element 108 are
shown. As shown best in FIGS. 2 and 5, the rotating filter element 108 includes a central axis
118. During operation, the rotating filter element 108 rotates about a central axis. Fluid to be
filtered enters the filtration system housing 102 through the inlet 104. The fluid flows through
the filter media 110 as shown by flow arrows 120 in FIG. 5. As the fluid passes through the
filter media 110, liquid droplets dispersed in the fluid are coalesced and separated from the
fluid by the filter media 110. Due to the rotation of the rotating filter element 108 and the
centrifugal force imparted on the separated liquid, the separated liquid may be ejected from the
outlet face of the filter media 110. As noted above, the inner wall of the rotating coalescer
housing 116 is separated from the outlet face of the filter media 110 (e.g., by a distance D).
The separation distance D permits the ejected liquid to accumulate along the inner wall of the
rotating coalescer housing 116 while still providing space for the filtered fluid to flow out of
the rotating filter element 108. As the separated liquid accumulates on the inner wall of the

rotating coalescer housing 16, the separated liquid may form a film of liquid along the inner
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wall of the rotating coalescer housing 116. The separated liquid flows to a drain (as designated
by the drainage arrow 122). The filtered fluid exits the rotating filter element 108 through a
plurality of gas outlets 124 formed between the first endplate 112 and the rotating coalescer
housing 116. The accumulated liquid along the inner wall of the rotating coalescer housing 116
exits the rotating filter element 108 through a plurality of liquid outlets 126 formed in the
rotating coalescer housing 116 and a plurality of drains 128 formed in the second endplate 114.
As shown best in FIG. 3, the liquid outlets 126 are formed near the opposite end of the rotating
coalescer housing 116 from the gas outlets 124. As described in further detail below, the
rotating coalescer housing 116 includes features that assist in preventing the accumulated fluid
from flowing out of the gas outlets 124. In some arrangements, the rotating coalescer housing
116 and the first endplate 112, or at least a portion there of, are formed as a single piece of

injection molded thermoplastic.

[0019] In some arrangements, the inner wall of the rotating coalescer housing 116 includes a
circumferential ring 130 positioned near the gas outlets 124 of the rotating filter element 108.
The circumferential ring 130 prevents the separated liquid from flowing through the gas outlets
124. Due to the rotation of the rotating filter element 108, the film of accumulated liquid that
forms along the inner wall of the rotating coalescer housing 116 can only reach a certain
thickness. The height of the circumferential ring 130 with respect to the inner wall of the
rotating coalescer housing 116 is greater than the maximum thickness of the film of
accumulated liquid thereby preventing the liquid from exiting the rotating filter element

through the gas outlets 124.

[0020] In further arrangements, the rotating coalescer housing 116 may be angled at a draft
angle o away from the gas outlets 124. In such arrangements, the rotating coalescer housing is
narrower at the end adjacent to the gas outlets 124 (i.e., the first endplate 112) and wider at the
end adjacent to the liquid outlets 126 (i.e., the second endplate 114). Thus, the rotating
coalescer housing 116 may be slightly conical, convex, or concave in shape. During rotation,
the centrifugal forces on the accumulated liquid will move the accumulated along angled wall
of the rotating coalescer housing 116 in an axial direction towards the liquid outlets 126 and
away from the gas outlets 124. In some arrangements, the centrifugal forces on the

6
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accumulated liquid in the axial direction are greater than gravity. In such arrangements, the gas
outlet 124 and the liquid outlet can be flipped in the direction of gravity (e.g., as shown in FIG.
7).

[0021] Neglecting viscous and/or shear forces from the flow of gas between the filter media
110 and the rotating coalescer housing 116, the accumulated liquid on the inner wall of the
rotating coalescer housing 116 forms a “near vertical” liquid film, where the equilibrium
surface angle with respect to axis = o (if no drainage occurred and the accumulated liquid were
trapped within the rotating filter element 108) would be approximately tan™ (1/Gradial), where
the Gradial is defined by equation (1) below.

(1)  ©**R = Gradial >~1000

[0022] In equation 1, o is the rotational speed of the rotating filter element 108 during
operation and R is the distance between the central axis 118 and the inside of the rotating
coalescer housing 116. Accordingly, the height of the circumferential ring 130, the draft angle
0, or a combination thereof creates an effective angle greater than tan™'(1/Gradial) to achieve
drainage in the desired direction (i.e., away from the gas outlets 124 and towards the liquid
outlets 126. For example, for a Gradial of approximately 1000, the draft angle 132 is
approximately 0.06 degrees.

[0023] Still referring to FIGS. 1 through 5, in some arrangements, the rotating coalescer
housing 116 includes a plurality of support ribs 132 projecting from the inner surface of the
rotating coalescer housing 116 to the outlet face of the filter media 110. The support ribs 132
provide support to the flexible fibrous media 110 during rotation of the filter element 108 to
prevent excessive deformation of the filter media 110 during high speed rotation. In order to
allow filtered fluid to exit through the gas outlets 124, the support ribs 132 may include a
number of first through-holes that allow the filtered fluid to pass between the support ribs 132.
Alternatively, gas outlets 124 may be positioned between adjacent sets of support ribs 132 and
between the outermost support ribs 132 and the first and second endplates 112 and 114.
Additionally, to allow the accumulated liquid to drain, the support ribs 132 include a number of

second through-holes that allow the accumulated liquid to pass between the support ribs 132.
7
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Alternatively, liquid outlets 126 may be positioned between adjacent sets of support ribs 132
and between the outermost support ribs 132 and the first and second endplates 112 and 114.

[0024] In some arrangements, an axial rib ring extends 134 from the gas outlet end of the
rotating coalescer housing 116 adjacent to the filter media 110. The axial rib ring 134 extends
into the rotating coalescer housing 116 beyond the axial location of the circumferential ring
130, which prevents accumulated liquid from migrating to the gas outlets 124. The axial rib
ring 134 acts as a weir that prevents accumulated liquid exiting the filter media 110 from

ejecting directly to the gas outlets 124.

[0025] Referring to FIG. 6, a cross-sectional view of a rotating coalescer element 600 is
shown according to an example embodiment. The rotating coalescer element 600 is similar to
the rotating filter element 108 of filtration system 100. Accordingly, like numbering is used
between the rotating coalescer element 600 of FIG. 6 and the rotating filter element of FIGS. 1
through 5. The only difference between the rotating coalescer element 600 and the rotating
filter element 108 is that the rotating coalescer element 600 does not utilize filter media to
separate a liquid suspended in the fluid flowing through the rotating coalescer element 600.
Rather, the rotating coalescer element 600 utilizes a centrifuge cone stack 602. The centrifuge
cone stack 602 includes a plurality of axially spaced centrifuge cones 604. Each of the cones is
angled with respect to the radial direction. As the gas passes through the space between each of
the axially spaced centrifuge cones 604, the angle of the individual axially spaced centrifuge
cones 604 causes an abrupt change in direction of the gas. The abrupt change of direction

separates the suspended liquid due to the higher inertia of the liquid as compared to the gas.

[0026] FIG. 7 shows a cross-sectional view of a rotating filter element 700 according to an
example embodiment. The rotating filter element 700 is similar to the rotating filter element
108 of filtration system 100. Accordingly, like numbering is used between the rotating filter
element 700 of FIG. 7 and the rotating filter element of FIGS. 1 through 5. As shown in FIG.
7, the rotating filter element 700 is oriented in the opposite direction with respect to gravity 702
than the rotating filter element 108. Accordingly, the accumulated liquid is drained from the

rotating filter element 700 against the force of gravity. The drainage is achieved because the
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centrifugal force on the accumulated liquid is high enough to overcome the force of gravity.
The orientation of the filter element 700 permits a top inlet of the gas-liquid mixture into the
device and a bottom clean gas outlet. Such an arrangement may be preferred for certain

crankcase ventilation applications in which the source of the aerosol laden blowby gas to be

cleaned is above the location of the rotating coalescing device.

[0027] The above-described rotating coalescer and filter elements may be used in crankcase
ventilation systems. In some arrangements, the above-described rotating coalescer and filter
elements are used in high-speed rotating coalescer arrangements in which the radial g-force at
the inner diameter of the rotating coalescer housing 116 is at least 1000 times the force of

gravity.

[0028] The above-described rotating coalescer and filter elements provide a number
advantages in accordance with various embodiments. By changing the shape of the rotating
coalescer housing (e.g., the rotating coalescer housing 116), separated liquid can be directed to
a desired location by harnessing axial and radial components of the centrifugal force created by
the rotation. This allows for an unlimited amount of locations for accumulated liquid to be
ejected from the rotating coalescer housing. This minimizes or eliminates the risk of
accumulated liquid becoming re-entrained into the filtered fluid via the gas outlet. Similarly,
by utilizing the centrifugal forces to move the accumulated liquid, the coalescing element could
be operated at any angle, provided that the outlet liquid ejected from the rotating body is
captured in an area of the stationary housing which directs the ejected liquid away and does not

allow it to recombine with the clean gas outlet.

[0029] It should be noted that any use of the term “example” herein to describe various
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term is not intended to

connote that such embodiments are necessarily extraordinary or superlative examples).

[0030] Asused herein, the term “about” or “approximately” when coupled to a number or a

range means plus or minus five percent of the modified number or range. When a range is
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described as being between two numbers, the range is intended to be inclusive of the two

numbers that define the range.

[0031] The terms “coupled” and the like as used herein mean the joining of two members
directly or indirectly to one another. Such joining may be stationary (e.g., permanent) or
moveable (e.g., removable or releasable). Such joining may be achieved with the two members
or the two members and any additional intermediate members being integrally formed as a
single unitary body with one another or with the two members or the two members and any

additional intermediate members being attached to one another.

2%

[0032] References herein to the positions of elements (e.g., “top,” “bottom,” “above,”
“below,” etc.) are merely used to describe the orientation of various elements in the FIGURES.
It should be noted that the orientation of various elements may differ according to other
example embodiments, and that such variations are intended to be encompassed by the present

disclosure.

[0033] It is important to note that the construction and arrangement of the various example
embodiments are illustrative only. Although only a few embodiments have been described in
detail in this disclosure, those skilled in the art who review this disclosure will readily
appreciate that many modifications are possible (e.g., variations in sizes, dimensions,
structures, shapes and proportions of the various elements, values of parameters, mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter described herein. For example, elements
shown as integrally formed may be constructed of multiple parts or elements, the position of
elements may be reversed or otherwise varied, and the nature or number of discrete elements or
positions may be altered or varied. The order or sequence of any process or method steps may
be varied or re-sequenced according to alternative embodiments. Additionally, features from
particular embodiments may be combined with features from other embodiments as would be
understood by one of ordinary skill in the art. Other substitutions, modifications, changes and
omissions may also be made in the design, operating conditions and arrangement of the various

example embodiments without departing from the scope of the present invention.

10
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WHAT IS CLAIMED IS:

1. A filtration system comprising:

a filtration system housing having an inlet and an outlet,

a rotating coalescer element positioned within the filtration system housing and in fluid
communication with the inlet and the outlet, the rotating coalescer element configured to
separate a suspended liquid from a fluid received through the inlet, the rotating coalescer
element including:

a first endplate,

a second endplate,

a coalescing device positioned between the first endplate and the second
endplate, and

a rotating coalescer housing extending between and coupled to the first endplate
and the second endplate, the rotating coalescer housing radially displaced from an outer surface
of the coalescing device such that a gap exists between an inner wall of the rotating coalescer
housing and the outer surface of the coalescing device, the rotating coalescer housing including
a clean gas outlet adjacent the first endplate and a liquid outlet adjacent the second endplate,
the rotating coalescer housing including a circumferential ring positioned near the gas outlet
that prevents separated liquid accumulated on the inner wall from passing through the clean gas

outlet.

2. The filtration system of claim 1, wherein the coalescing device includes a fibrous filter

media.

3. The filtration system of claim 1, wherein the coalescing device includes a coalescer

cone stack.

4. The filtration system of claim 1, wherein the rotating coalescer housing is narrower at a

first end adjacent to the gas outlet and wider at a second end adjacent to the liquid outlet.

11
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5. The filtration system of claim 4, wherein the accumulated liquid is drained from the

rotating coalescer element against the force of gravity.

6. The filtration system of claim 1, wherein the rotating coalescer element is a high-speed
rotating coalescer element that creates a radial g-force at the inner wall of the rotating coalescer

housing of at least 1000 times the force of gravity.

7. The filtration system of claim 1, wherein the fluid is crankcase blowby gas received

from an internal combustion engine.

8. The filtration system of claim 1, wherein the second endplate comprises a plurality of
drains.
9. The filtration system of claim 1, wherein the rotating coalescer housing comprises a

support rib projecting from the inner wall to provide support to the coalescing device.

10. The filtration system of claim 9, wherein the support rib comprises a through-hole

configured to allow filtered fluid to pass through the support rib.

11. A rotating coalescer element configured to separate a suspended liquid from a fluid, the
rotating coalescer element comprising:

a first endplate,

a second endplate,

a coalescing device positioned between the first endplate and the second endplate, and

a rotating coalescer housing extending between and coupled to the first endplate and the
second endplate, the rotating coalescer housing radially displaced from an outer surface of the
coalescing device such that a gap exists between an inner wall of the rotating coalescer housing
and the outer surface of the coalescing device, the rotating coalescer housing including a clean

gas outlet adjacent the first endplate and a liquid outlet adjacent the second endplate, the

12
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rotating coalescer housing including a circumferential ring positioned near the gas outlet that
prevents separated liquid accumulated on the inner wall from passing through the clean gas

outlet.

12.  The rotating coalescer element of claim 11, wherein the coalescing device includes a

fibrous filter media.

13.  The rotating coalescer element of claim 11, wherein the coalescing device includes a

coalescer cone stack.

14. The rotating coalescer element of claim 11, wherein the rotating coalescer housing is
narrower at a first end adjacent to the gas outlet and wider at a second end adjacent to the liquid

outlet.

15.  The rotating coalescer element of claim 14, wherein the accumulated liquid is drained

from the rotating coalescer element against the force of gravity.

16.  The rotating coalescer element of claim 11, wherein the rotating coalescer element is a
high-speed rotating coalescer element that creates a radial g-force at the inner wall of the

rotating coalescer housing of at least 1000 times the force of gravity.

17. The rotating coalescer element of claim 11, wherein the fluid is crankcase blowby gas

received from an internal combustion engine.

18. The rotating coalescer element of claim 11, wherein the second endplate comprises a

plurality of drains.

19.  The rotating coalescer element of claim 11, wherein the rotating coalescer housing
comprises a support rib projecting from the inner wall to provide support to the coalescing

device.

13
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20. The rotating coalescer element of claim 19, wherein the support rib comprises a

through-hole configured to allow filtered fluid to pass through the support rib.

14
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