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INSIDE-OUT FLOW FILTER WITH PRESSURE RECOVERY

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of and priority from Provisional U.S.
Patent Application No. 61/476,903, filed April 19, 2011, incorporated herein by reference.

BACKGROUND AND SUMMARY

[0002] The invention relates to inside-out flow filters.

[0003] Inside-out flow filters are known, and typically include an annular filter
element having a hollow interior receiving fluid flowing axially thereinto through an inlet. The
annular filter element includes filter media for filtering the fluid, and may be a coalescer element.
The fluid flows from the hollow interior radially outwardly through the filter media to an outer
surface of the filter element, and is discharged therefrom as clean filtered fluid.

[0004] The present disclosure arose during continuing development efforts in the

above technology.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Fig. 1 is a perspective view showing an inside-out flow filter.

[0006] Fig. 2 is a sectional view of the filter of Fig. 1 and illustrating the present
disclosure.

[0007] Fig. 3 is a perspective view of a component of Fig. 2.

[0008] Fig. 4 is a perspective view of another component of Fig. 2.

[0009] Fig. 5 is an enlarged view of a portion of the component of Fig. 4.

[0010] Fig. 6 is an enlarged view of another portion of the component of Fig. 4.

[0011] Fig. 7 is a sectional view showing an alternate embodiment of a component
of Fig. 2.

[0012] Fig. 8 is like Fig. 7 and shows another embodiment.

[0013] Fig. 9 is like Fig. 7 and shows another embodiment.
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[0014] Fig. 10 is like Fig. 7 and shows another embodiment.
[0015] Fig. 11 is like Fig. 7 and shows another embodiment.

DETAILED DESCRIPTION

[0016] Fig. 1 shows an inside-out flow filter 20 including a housing 22 closed by
upper and lower lids or ends 24 and 26. Upper lid 24 has an inlet 28 receiving fluid flow
thereinto as shown at arrow 30. Central housing 22 has an outlet 32 for discharging clean
filtered fluid such as air as shown at arrow 34, which discharge may be controlled by a CDR
(Crankcase Depression Regulator) valve 36, as is known, in the case of an automotive
application. Lower lid 26 has a drain outlet 38 for draining separated collected liquid as shown
at arrow 40. The assembly described thus far is known in the prior art.

[0017] The filter includes an annular filter element 42, Fig. 2, having a hollow
interior 44 receiving fluid flowing axially thereinto as shown at arrow 30 through inlet 28. The
annular filter element includes filter media 46 for filtering fluid. The fluid flows from hollow
interior 44 radially outwardly through the filter media as shown at arrows 48 to outer surface 50
of filter element 42, and then is discharged through exit port 52 and CDR valve 36 to outlet 32,
as is known. Liquid contained in the filtered fluid may be coalesced by media 46, which
coalesced separated liquid may drain as shown at arrow 54 through a poppet drain valve 56 as
shown at arrow 58 for discharge at outlet 38 as shown at arrow 40. For further reference
regarding poppet valve 56, applicant notes commonly owned co-pending U.S. Patent Application
No. 12/947,195, filed November 16, 2010, published May 19, 2011, US2011/0113737,
incorporated herein by reference.

[0018] In the present disclosure, a transition pressure recovery member 60, Figs. 2, 3,
is provided at inlet 28 and has structured contoured guide surfaces 62 guiding fluid flow
therealong into hollow interior 44 to minimize transition pressure loss from inlet 28 to hollow
interior 44. The structured contoured guide surfaces include transition flow deceleration surfaces
gradually decelerating flow of fluid into the hollow interior and minimizing pressure drop.

Transition pressure recovery member 60 extends axially as shown at axis 64 into hollow interior
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44. Structured contoured guide surfaces 62 define a flow path which tapers to increasing cross-
sectional areas as transition pressure recovery member 60 extends axially into the hollow
interior, wherein the rate of change of the increasing cross-sectional areas is selected to avoid
abrupt sudden expansion pressure drop. In one embodiment, the taper is selected to have an
included angle in the range 3° to 10°. In another embodiment, the taper is selected to provide a
K factor in the range 0.1 to 0.3 and associated pressure recovery of 70% to 90%. In one
embodiment, a conical diffuser 60 is used for the transition pressure recovery member and is
integrated with a filter endcap as shown at 60a, such that the conical diffuser aligns with inlet 28
of the filter housing when assembled, thus allowing a high velocity jet to enter the diffuser, with
minimal disruption. The diffuser projects inwardly into the filter central core at hollow interior
44, and has a rather substantial axial length to desirably provide a shallow angle for efficiently
converting velocity energy back into static pressure, per Bernoulli's law. As noted, the included
cone angle in one embodiment ranges from 3° to 10°, given the lowest possible K factor, but
may still provide some value up to cone angles approaching 20° and perhaps 30°, though this
would diminish performance. The K factor is a measure of how much of the velocity energy is
lost, i.e. converted to heat instead of recovered as static pressure, when the flow expands from a
small inlet to a larger outlet, as is known. A K factor value of zero would be ideal, but values of
0.1 to 0.3 are more realistic, i.e. 10% to 30% of the velocity energy is lost, or conversely 70% to
90% is recovered. An abrupt full expansion results in substantial or complete loss of such

energy. As noted in Fluid Mechanics, F. White, Fourth Edition, MacGraw-Hill, 1999, page 371,

showing and discussing K factor, cone angles in the range 40° to 140° can actually be worse than
a fully abrupt 180° expansion due to eddy stall and larger skin friction.

[0019] In Fig. 2, the noted taper of the structured contoured guide surfaces 62 of the
transition pressure recovery member are rectilinear. In further embodiments, the transition
pressure recovery member is selected from a group including conical, Fig. 2, stepped as shown at
66 in Fig. 7, radial-annular diffuser as shown at 68 in Fig. 8, inner fairing as shown at 70 in Fig.
9, and internal guide vane as shown at 72 in Fig. 10 and alternately at 74 in Fig. 11.

[0020] Filter element 42 has an endcap 60a at inlet 28. As noted, in one embodiment

4-
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the endcap 60a and the transition pressure recovery member 60 are a single integral component,
Fig. 3. A seal 76, Fig. 2, interfaces between and engages transition pressure recovery member 60
and closure lid 24 in sealing relation. Transition pressure recovery member 60 has a smoothly
rounded entrance 60b receiving fluid flow from inlet 28 and minimizing entrance contraction
losses in transfer from the inlet to the transition pressure recovery member. In one embodiment,
transition pressure recovery member 60 engages the housing at closure lid 24 in sealing relation
along a beveled engagement surface at 76. Transition pressure recovery member 60 has a first
beveled surface 60c. The housing at closure lid 24 has a second beveled surface 24a. The first
and second beveled surfaces mate along a complemental taper. A sealing gasket, e.g. as
provided by an O-ring 78, is sealingly engaged between the first and second beveled surfaces.
Transition pressure recovery member 60 has an annular gasket seat 60d, Fig. 3, along the noted
first beveled surface and capturing sealing gasket 78 and facing the noted second beveled surface
24a.

[0021] In a further embodiment, filter element 42 has first and second identical
members 60 and 80 with respective first and second endcaps 60a and 80a at distally opposite
respective first and second axial ends (upper and lower ends in Fig. 2) of the filter element. First
member 60 is the noted transition pressure recovery member. Second member 80 is identical to
member 60 but is in inverted relation thereto, such that members 60 and 80 face each other in
mirror image relation in hollow interior 44. The provision of identical members 60 and 80,
including endcaps 60a and 80a, is desirable for manufacturing and inventory efficiency, reducing
the number of different parts which must be stocked. In this embodiment, first and second
members 60 and 80 are identical, with respective endcaps 60a and 80a at distally opposite
respective first and second axial ends of filter element 42. First member 60 is the noted
transition pressure recovery member. First and second members 60 and 80 face each other in
mirror image relation in hollow interior 44. First and second members 60 and 80 extend into
hollow interior 44 and have respective inner ends 60e and 80b axially spaced from each other by
an axial gap 82 therebetween. The axial gap 82 should be sized so that the velocity leaving the

diffuser provided by member 60 is not re-accelerated. Accordingly, the area of cylindrical gap
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82 should be greater than or equal to the discharge area of the diffuser. Gap 82 should be sized
so that its axial height is greater than or equal to the diffuser outlet diameter divided by four.

[0022] As noted, filter element 42 has first and second members 60 and 80 with
respective first and second endcaps 60a and 80a at distally opposite respective first and second
axial ends (upper and lower ends in Fig. 2) of filter element 42. First member 60 is the noted
transition pressure recovery member. Second member 80 has the noted normally closed
pressure-relief poppet bypass valve 56 which opens in response to a predetermined pressure in
hollow interior 44 overcoming the bias of compression spring 84, whereupon disc 86 moves
downwardly in Fig. 2 away from the valve seat provided by the lower end 80c of member 80, to
allow fluid to flow radially outwardly through the gap therebetween, and then downwardly as
shown at arrow 58 in the case of liquid, or upwardly through passage 88 in the case of air or gas
for flow to exit 52 and outlet 32. Filter element 42 may be a coalescer element, and the noted
second member 80 at second endcap 80a is at the lower end of the coalescer element and has an
upper extension at 80d extending upwardly into hollow interior 44 and defining a reservoir 90
which collects liquid in the fluid prior to separation by coalescer element 42. Second member 80
has the noted valve seat 80c engaged by poppet bypass valve 56 at disc 86. Second member 80
has one or more through-notches 80e, Fig. 5, in valve seat 80c discharging collected liquid from
reservoir 90 in upper extension 80d of second member 80 even when poppet bypass valve 56 is
closed. One or more weep-holes 80f, Figs. 6, 2, are provided in upper extension 80d of second
member 80 and discharges collected liquid from reservoir 90 in second member upper extension
80d into hollow interior 44, to keep reservoir 90 from getting too full. One or more weep-holes
80f may be provided in addition to or in place of one or more through-notches 80e.

[0023] The present disclosure recovers otherwise lost energy, and reduces flow
restriction. By recovering dynamic pressure, flow restriction is reduced. The noted diffuser
enables use of an inlet which may otherwise be too small and would cause excessive pressure
drop in a filter without such diffuser. The disclosure is particularly useful in air-oil coalescing
applications, though it may also be beneficially used for liquid-liquid coalescers, including fuel-

water separators that utilize radially outward flow. In the latter, velocities and dynamic pressure
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may be lower, and the benefit of pressure recovery may be less significant relative to total
allowed restriction.

[0024] In the foregoing description, certain terms have been used for brevity,
clearness, and understanding. No unnecessary limitations are to be inferred therefrom beyond
the requirement of the prior art because such terms are used for descriptive purposes and are
intended to be broadly construed. The different configurations, systems, and method steps
described herein may be used alone or in combination with other configurations, systems and
method steps. It is to be expected that various equivalents, alternatives and modifications are
possible within the scope of the appended claims. Each limitation in the appended claims is
intended to invoke interpretation under 35 U.S.C. §112, sixth paragraph, only if the terms
"means for" or "step for" are explicitly recited in the respective limitation. As used herein, the
term annular in referring to annular filter element includes various shapes including circular or
cylindrical, oval, racetrack shape, oblong, pear shape, triangular, rectangular, and other closed-

loop shapes.
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CLAIMS

What is claimed is:

1. An inside-out flow filter comprising an annular filter element having a
hollow interior receiving fluid flowing axially thereinto through an inlet, said annular filter
element comprising filter media for filtering said fluid, said fluid flowing from said hollow
interior radially outwardly through filter media to an outer surface of said filter element, a
transition pressure recovery member at said inlet and having structured contoured guide
surfaces guiding fluid flow therealong into said hollow interior to minimize transition

pressure loss from said inlet to said hollow interior.

2. The inside-out flow filter according to claim 1 wherein said structured
contoured guide surfaces of said transition pressure recovery member comprise transition
flow deceleration surfaces gradually decelerating flow of fluid into said hollow interior and

minimizing pressure drop.

3. The inside-out flow filter according to claim 2 wherein said transition

pressure recovery member extends axially into said hollow interior.

4. The inside-out flow filter according to claim 3 wherein said structured
contoured guide surfaces of said transition pressure recovery member define a flow path
which tapers to increasing cross-sectional areas as said transition pressure recovery member
extends axially into said hollow interior, wherein the rate of change of said increasing cross-

sectional areas is selected to avoid abrupt sudden expansion pressure drop.

5. The inside-out flow filter according to claim 4 wherein said taper is

selected to have an included angle up to 30°.

6. The inside-out flow filter according to claim 4 wherein said taper is

-8-
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selected to have an included angle up to 20°.

7. The inside-out flow filter according to claim 4 wherein said taper is

selected to have an included angle up to 10°.

8. The inside-out flow filter according to claim 4 wherein said taper is

selected to have an included angle in the range 3° to 10°.

9. The inside-out flow filter according to claim 4 wherein said taper is
selected to provide a K factor in the range 0.1 to 0.3 and associated pressure recovery of 70%

to 90%.

10.  The inside-out flow filter according to claim 4 wherein said taper is

rectilinear.

11.  The inside-out flow filter according to claim 4 wherein said transition
pressure recovery member is selected from a group including conical, stepped, radial-annular

diffuser, inner fairing, and internal guide vane.

12. The inside-out flow filter according to claim 4 wherein said transition

pressure recovery member is a conical diffuser.
13. The inside-out flow filter according to claim 1 wherein said filter
element has an endcap at said inlet, and said endcap and said transition pressure recovery

member are a single integral component.

14.  The inside-out flow filter according to claim 13 wherein said filter

comprises a housing containing said filter element and having a closure lid at said inlet, and a

9.
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seal interfacing between and engaging said transition pressure recovery member and said

closure lid in sealing relation.

15.  The inside-out flow filter according to claim 1 wherein said filter
comprises a housing containing said filter element and having a closure lid having said inlet
supplying fluid flow to said transition pressure recovery member, said transition pressure
recovery member having a smoothly rounded entrance receiving fluid flow from said inlet and
minimizing entrance contraction losses in transfer from said inlet to said transition pressure

recovery member.

16. The inside-out flow filter according to claim 1 wherein said filter
comprises a housing containing said filter element, and wherein said transition pressure

recovery member is in said housing.

17.  The inside-out flow filter according to claim 1 wherein said filter
comprises a housing containing said filter element, wherein said transition pressure recovery

member engages said housing in sealing relation along a beveled sealing engagement surface.

18. The inside-out flow filter according to claim 17 wherein said transition
pressure recovery member has a first beveled surface, said housing has a second beveled

surface, wherein said first and second beveled surfaces mate along a complemental taper.

19. The inside-out flow filter according to claim 18 comprising a sealing

gasket sealingly engaged between said first and second beveled surfaces.

20.  The inside-out flow filter according to claim 19 wherein said transition
pressure recovery member has an annular gasket seat along said first beveled surface and

capturing said sealing gasket and facing said second beveled surface.
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21. The inside-out flow filter according to claim 17 wherein said housing
has a closure lid engaging said transition pressure recovery member and having said inlet
supplying fluid flow to said transition pressure recovery member, wherein said beveled
sealing engagement surface is at the engagement of said closure lid and said transition

pressure recovery member.

22.  The inside-out flow filter according to claim 1 wherein said filter
clement has first and second identical members with respective first and second endcaps at
distally opposite respective first and second axial ends of said filter element, wherein said first

member is said transition pressure recovery member.

23. The inside-out flow filter according to claim 22 wherein said first and

second members face each other in mirror image relation in said hollow interior.

24. The inside-out flow filter according to claim 23 wherein said first and
second members extend into said hollow interior and have inner ends axially spaced from

each other by an axial gap therebetween.

25. The inside-out flow filter according to claim 24 wherein said transition
pressure recovery member is a diffuser having a diffuser outlet diameter at said axial gap, and
wherein said axial gap has an axial height greater than or equal to said diffuser outlet diameter

divided by four.

26. The inside-out flow filter according to claim 1 wherein said filter
element has first and second members with respective first and second endcaps at distally
opposite respective first and second axial ends of said filter element, said first member is said

transition pressure recovery member, said second member has a normally closed pressure-

-11-



WO 2012/145050 PCT/US2012/021467

relief poppet bypass valve which opens in response to a predetermined pressure in said hollow

interior.

27. The inside-out flow filter according to claim 26 wherein said filter
element is a coalescer element, said second member at said second end cap is at a lower end
of said coalescer element and has an upper extension extending upwardly into said hollow
interior and defining a reservoir which collects liquid in said fluid prior to separation by said
coalescer element, said second member has a valve seat engaged by said poppet bypass valve,
and comprising one or more through-notches in said valve seat discharging collected liquid
from said reservoir in said second member upper extension even when said poppet bypass

valve is closed.

28. The inside-out flow filter according to claim 1 wherein said filter
element has first and second members with respective first and second endcaps at distally
opposite respective first and second axial ends of said filter element, said filter element is a
coalescer element, said second member at said second endcap is at a lower end of said
coalescer element and has an upper extension extending upwardly into said hollow interior
and defining a reservoir, and comprising one or more weep-holes in said upper extension of
said second member and discharging collected liquid from said reservoir in said second

member upper extension into said hollow interior.

29.  The inside-out flow filter according to claim 1 wherein said filter
element has first and second members with respective first and second endcaps at distally
opposite respective first and second axial ends of said filter element, said first member is said
transition pressure recovery member, said filter element is a coalescer element, said second
member at said second endcap is at a lower end of said coalescer element and has an upper
extension extending upwardly into said hollow interior and defining a reservoir which collects

liquid in said fluid prior to separation by said coalescer element.

-12-
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