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REDUCED PRESSURE DROP COALESCER 

BACKGROUND AND SUMMARY 

[0001] The invention related to ?brous media coalescers. 

[0002] Fibrous media coalescers are knoWn in the prior art 
for coalescing and separating a medium having tWo immis 
cible phases, namely a continuous phase and a dispersed 
phase. For example: in engine crankcase ventilation sys 
tems, and other air-oil separation systems, the continuous 
phase is air, and the dispersed phase is oil; in fuel-Water 
separation systems, such as fuel ?lters, fuel is the continuous 
phase, and Water is the dispersed phase; in Water-oil sepa 
ration systems, Water is the continuous phase, and oil is the 
dispersed phase. The invention is particularly Well suited for 
engine crankcase ventilation applications, but may be used 
in other separation systems having immiscible ?uids, e.g. 
air-oil, fuel-Water, Water-oil, etc. 

[0003] In designing a coalescer, trade-offs often need to be 
made. For example, to increase ef?ciency by decreasing 
?ber diameter and/ or decreasing porosity and/ or increasing 
thickness, the trade-off may be higher pressure drop and/or 
shorter life and/ or larger package siZe. The present invention 
provides desirable options for more favorable trade-offs, 
including loWer pressure drop. 

BRIEF DESCRIPTION OF THE DRAWING 

[0004] FIG. 1 schematically illustrates coalescence. 

[0005] FIG. 2 is a graph shoWing loading and saturation. 

[0006] FIG. 3 is a perspective vieW of a coalescer in 
accordance With the invention. 

[0007] FIG. 4 is a front elevation vieW of the coalescer of 
FIG. 3, and shoWs a further embodiment. 

[0008] FIG. 5. is like FIG. 4 and shoWs another embodi 
ment. 

[0009] FIG. 6 is like FIG. 4 and shoWs another embodi 
ment. 

[0010] FIG. 7 is like FIG. 4 and shoWs another embodi 
ment. 

[0011] FIG. 8 is like FIG. 4 and shoWs another embodi 
ment. 

[0012] FIG. 9 is like FIG. 4 and shoWs another embodi 
ment. 

[0013] FIG. 10 is like FIG. 4 and shoWs a further embodi 
ment. 

[0014] FIG. 11 is a schematic illustration shoWing ?ber 
orientation angle. 

[0015] FIG. 12 is like FIG. 11 and shoWs another embodi 
ment. 

[0016] FIG. 13 is like FIG. 11 and shoWs another embodi 
ment. 

[0017] FIG. 14 is like FIG. 11 and shoWs another embodi 
ment. 

[0018] FIG. 15 is like FIG. 11 and shoWs another embodi 
ment. 
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[0019] FIG. 16 is like FIG. 11 and shoWs another embodi 
ment. 

[0020] FIG. 17 is like FIG. 11 and shoWs another embodi 
ment. 

[0021] FIG. 18 is like FIG. 11 and shoWs another embodi 
ment. 

[0022] FIG. 19 is like FIG. 11 and shoWs another embodi 
ment. 

[0023] FIG. 20 is like FIG. 11 and shoWs another embodi 
ment. 

[0024] FIG. 21 is like FIG. 11 and shoWs another embodi 
ment. 

[0025] FIG. 22 is like FIG. 11 and shoWs another embodi 
ment. 

[0026] FIG. 23 is a microphotograph of ?brous media 
taken With a scanning electron microscope at 43x magni? 
cation. 

[0027] FIG. 24 is a microphotograph of ?brous media 
taken With a scanning electron microscope at 35x magni? 
cation, at a 90° orientation relative to FIG. 23. 

[0028] FIG. 25 is a schematic illustration of a further 
embodiment shoWing ?ber orientation across a localiZed 
pocket. 

DETAILED DESCRIPTION 

[0029] FIG. 1 shoWs a coalescer 20 for coalescing a 
medium 22 having tWo immiscible phases, namely a con 
tinuous phase 24 and a dispersed phase 26. For example, in 
the case of an engine crankcase ventilation coalescer, the 
continuous phase 24 is air, and the dispersed phase is oil, eg 
in the form of a ?ne mist having droplets 26 of about one 
micron and smaller in diameter. The continuous phase 24 
?oWs from upstream to doWnstream, i.e. left to right in FIG. 
1. The coalescer includes ?brous media 28 capturing drop 
lets of the dispersed phase, coalescingly groWing the drop 
lets into larger drops, for example as shoWn at 30, 32, Which 
further coalesce and groW to form pools such as 34 Which 
drain as shoWn at 36. Within the gas or air stream 24, 
droplets 26 can collide and groW in siZe by drop to drop 
coalescence. Upon entry into coalescer 20, the droplets are 
captured by impaction, interception, diffusion, or electro 
static or other ?ltration mechanisms. Droplets groW in siZe 
as captured and uncaptured droplets coalesce to form larger 
drops. When the drops become large enough and pool at 34 
such that How and/or gravitational forces exceed adhesion 
forces, the enlarged/pooled drops ?oW through the bed of 
?brous media and are released as shoWn at 36. Dispersed 
phase saturation varies Within the coalescer, typically With 
increasing saturation as one approaches the doWnstream face 
(right hand face FIG. 1), due to viscous forces, and With 
increasing saturation at the bottom of the coalescer due to 
gravity. Saturation, like porosity, is a dimensionless number 
representing the fraction or percent of a ?lter media’s void 
space that is occupied by the captured dispersed phase. 
Saturation does not mean that the entire void volume is ?lled 
With the captured dispersed phase such as oil, but rather that 
the element is holding as much oil as it can. At saturation, 
more oil is held at the bottom and right than at the top and 
left in FIG. 1. 
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[0030] In the absence of solid contaminants, the pressure 
drop across a coalescer increases during the loading of the 
coalescer, left side of FIG. 2, and then stabilizes once the 
coalescer becomes saturated, right side of FIG. 2. FIG. 2 is 
a graphical plot of pressure drop, AP, in millimeters of Water, 
verses time in minutes. During loading, the rate of capture 
is greater than the rate of drainage. During saturation, the 
rate of capture equals the rate of drainage. In practice, 
plugging or excessively high pressure occurs due to solid 
contaminants being captured and held by the coalescer 
and/or the rate of capture exceeding the rate of drainage 
from the coalescer. In tWo of the desirable aspects of the 
present disclosure, the solids holding capacity of the coa 
lescer is increased and the rate of drainage of the coalescer 
is increased. The noted saturation pro?le is important in 
coalescer design because increased saturation corresponds 
to decreasing e?fective porosity Within the ?brous media bed 
and increasing restriction. 

[0031] The present disclosure provides a coalescer With 
?brous media adapted to reduce pressure drop thereacross 
by increasing drainage therefrom. This is accomplished in 
various Ways, to be described. 

[0032] FIG. 3 shoWs a ?brous media coalescer 40 having 
a holloW interior 42 and providing inside-out ?oW, namely 
incoming ?oW as shoWn at 44 into holloW interior 42, and 
then ?oW from holloW interior 42 outWardly through ?brous 
media 46 as shoWn at arroWs 48. Coalescer 40 has a ?rst 
cross-sectional area Al along a ?rst horizontal plane 50, and 
a second cross-sectional area A2 along a second horizontal 
plane 52. Horizontal plane 52, FIGS. 3, 4, is vertically beloW 
horizontal plane 50. Cross-sectional area A2 is less than 
cross-sectional area A1. Coalescer 40 has a perimeter 54 
having a plurality of chords thereacross, including vertical 
chords such as 56 and horizontal chords such as 58. The 
longest of the chords, eg 56, extends vertically. The hori 
zontal chords include a ?rst horizontal chord, eg 58, along 
horizontal plane 50, and a second horizontal chord 60 along 
horizontal plane 52. Horizontal chord 60 is shorter than 
horizontal chord 58. The drainage pressure on the dispersed 
phase coalesced drops at the bottom of the coalescer, and 
hence the drainage rate at such point, is a function of the 
height of the dispersed phase column, Which is proportional 
to the element height and cross-sectional area. By providing 
the long dimension of the shape along a vertical orientation, 
drainage pressure is maximized. By having the cross-sec 
tional area decrease toWards the bottom of the coalescer, tWo 
bene?ts are obtained. Firstly, the volume of the element that 
is dispersed phase saturated is minimized, Where restriction 
is greatest and contaminated ?uid ?oW rate and removal are 
least. Conversely, the volume of the element is maximized 
Where restriction is least and contaminated ?uid ?oW rate 
and removal greatest. Secondly, a greater proportion of 
element volume is available to capture and hold any solids 
that may plug the coalescer or otherWise cause excessive 
pressure drop. The loWer section is more restrictive and has 
a loWer ?oW rate than the upper section, due to increased 
local saturation relative to the upper section. One Would 
expect removal to also be higher in the loWer section, 
hoWever this is not the case because: (a) since less How goes 
through the loWer section, its contribution to total removal 
by the element is less; and (b) the local velocity in the loWer 
section is relatively high, Which in conjunction With the 
increased saturation, increases re-entrainment of drops, 
Which adversely affects removal. 
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[0033] FIGS. 3, 4, shoW the noted given shape in the 
vertical plane as a holloW racetrack shape. Other given 
shapes in the vertical plane are possible, for example a 
holloW oval shape 62, FIG. 5, a holloW triangle shape 64, 
FIG. 6, a holloW square shape 66, FIG. 7, a holloW trapezoid 
shape 68, FIG. 8, and a holloW circle shape 70, FIG. 9. 
Inside-out How is preferred because ?oW velocity decreases 
With distance into the media, Which minimizes possible 
re-entrainment and carryover of coalesced drops into the 
clean side and reduces the velocity in the portion of the 
coalescer Where saturation is high. This is a particular 
advantage for racetrack and oval shapes because of their 
better space utilization due to the smaller upstream open 
holloW space in the interior of elements of these shapes. 
Outside-in How is also possible. 

[0034] In one embodiment, the ?brous media is provided 
by a plurality of ?bers having a nonrandom dominantly 
vertical orientation, FIG. 4. The ?bers are preferably poly 
meric and preferentially oriented around the periphery of the 
given shape and Where possible parallel to the direction of 
gravity. The ?bers preferably extend dominantly circumfer 
entially tangentially along perimeter 54. The ?bers prefer 
entially extending dominantly circumferentially tangentially 
along perimeter 54 are dominantly vertical and provide 
increasing drainage pressure at loWer regions of the coa 
lescer. The elements are preferably made by electro-spin 
ning or melt-bloWing the ?bers or Wrapping or Winding 
sheets of ?brous media around the element periphery giving 
the ?bers the noted preferred orientation. The preferred 
orientation and alignment of the ?bers reduces the resistance 
of captured drops to How and enhances drainage by forming 
?oW paths and channels parallel to gravity. For ease of 
manufacturability, polymeric ?bers formed by melt-bloWing 
or electro-spinning are preferred, but other materials may 
also be used. 

[0035] In a further embodiment, FIG. 4, vibration or 
oscillation of the coalescer in a vertical direction, particu 
larly in combination With the above noted ?ber orientation, 
is a further Way to enhance drainage, minimize restriction, 
and increase coalescer life. A shaker 72 as shoWn in dashed 
line, Which in one embodiment may be an internal combus 
tion engine or other mechanical component, vibrates or 
oscillates the coalescer in a vertical direction. This move 
ment or vibration in the vertical direction accelerates the 
captured drops, and the sudden reversal in direction causes 
them to shear from the ?bers and drain With minimum 
resistance. In the noted implementation, the normal vibra 
tion of an engine or other equipment facilitates such vibra 
tion, hoWever it may be desirable to provide judicious 
positioning and mounting of the coalescer or by the addition 
of a mechanical vibrator for vibrating the coalescer. 

[0036] The coalescer has a loWer region, eg at plane 52, 
FIG. 4, of greater dispersed phase saturation and smaller 
volume than an upper region, eg at plane 50, to minimize 
the volume of ?brous media that is saturated With the 
dispersed phase Where restriction is greatest and continuous 
phase ?oW rate least and contaminant removal least, and to 
maximize the volume of the ?brous media Where restriction 
is least and continuous phase ?oW rate greatest and con 
taminant removal greatest. In a further embodiment, FIG. 
10, a loWer media element 74 is provided of greater dis 
persed phase Wettability than ?brous media 46 and in 
contact With the loWer region of coalescer 40 and Wicking 
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coalesced drops from ?brous media 46 at the lower region. 
In one embodiment, ?brous media 46 is non-Wetting With 
respect to the dispersed phase, and loWer media element 74 
is Wetting With respect to the dispersed phase. In preferred 
form, the cosine of the dispersed phase contact angle of 
loWer media element 74 is greater than the cosine of the 
dispersed phase contact angle of ?brous media 46. In the 
above noted internal combustion engine application, the 
purpose of Wicking layer 74 is to draW oil from the coalescer 
and direct it to a collection vessel, such as the engine or a 
sump. In the preferred form of such embodiment, Wicking 
layer 74 is a non-Woven ?lter media, though alternatively it 
could be the Walls of the sump itself or other material With 
suitable Wettability characteristics. 

[0037] The above disclosure provides various means for 
reducing pressure drop across the coalescer, including 
enhancing drainage of the coalesced dispersed phase from 
the coalescer. As shoWn in FIG. 2, the pressure drop across 
the coalescer increases With time until the rate of drainage of 
the coalesced dispersed phase (e.g. oil in the case of crank 
case ventilation ?lters) equals the rate of dispersed phase 
capture. The equilibrium pressure drop can be reduced by 
increasing the drainage rate, Which in turn reduces the 
dispersed phase saturation of the coalescer and increases the 
coalescer’ s e?‘ective porosity. By increasing the porosity, the 
solids loading capacity of the coalescer is increased, as is 
coalescer life. 

[0038] Further to the above disclosed manner for increas 
ing drainage rate, various Ways are available for taking 
further advantage of ?ber orientation. Fibers may be ben 
e?cially oriented With respect to gravity and With respect to 
one another, as above noted. For purposes herein, a ?rst 
dominant ?ber orientation angle 0t is de?ned as the angle of 
?ber extension 76, FIGS. 11-22, relative to horizontal, i.e. 
relative to a direction Which is perpendicular to gravity. In 
FIGS. 11, 18, 20, 0t is 0°. In FIGS. 12, 15, 21, 0t is minus 45°. 
In FIGS. 13, 16, 22, 0t is minus 90°. In FIGS. 14, 17, 19, 0t 
is 45°. Fibers may also be bene?cially oriented With respect 
to the direction of ?oW. For purposes herein, a second 
dominant ?ber orientation angle [3 is de?ned as the angle of 
?ber extension 76 relative to ?oW direction 24. In FIGS. 11, 
15,19, [3 is 0°. In FIGS.12,16,20, [3 is minus 45°. In FIGS. 
13, 17, 21, [3 is minus 90°. In FIGS. 14, 18, 22, [3 is 45°. 
FIGS. 11-22 shoW various exemplary ?oW directions among 
the plurality of ?oW directions from holloW interior 42 
outWardly through ?brous media 46. FIGS. 11-14 shoW a 
?oW direction 24 parallel to horiZontal. FIGS. 15-18 shoW a 
?oW direction 24 at minus 45° relative to horiZontal. FIGS. 
19-22 shoW a ?oW direction 24 at 45° relative to horiZontal. 

[0039] Three forces act on captured and coalesced drops, 
namely: drag forces due to ?uid ?oW; gravity; and adhesion 
or attachment forces due to capillary pressure. The third 
force is controlled by the Wetting characteristics of the 
media and is noted above. Also of signi?cance is the 
interplay betWeen drag and gravity forces. Since it is desired 
to drain drops doWnWardly, it is desired that ?ber orientation 
angle a satisfy the condition that sine 0t is less than Zero, so 
that gravity assists drainage, for example FIGS. 12, 13. If 
sine 0t is greater than Zero, gravity hinders drainage, increas 
ing the equilibrium pressure drop, and reducing life. Accord 
ingly, the ?ber orientation angles 0t in FIGS. 11 and 14 are 
less desirable. It is preferred that 0t be less than 0° and 
greater than or equal to minus 90°. As to ?ber orientation 
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angle [3 relative to ?oW direction 24, drag forces due to ?uid 
?oW decrease as cosine [3 increases. It is preferred that 
cosine [3 be greater than 0.5, i.e. that [3 be less than 60° and 
greater than minus 60°. 

[0040] In order to decrease overall saturation of the coa 
lescer, reduce pressure drop, and increase life, it is not 
necessary for all ?bers to exhibit the preferred orientation. 
Rather, most of the ?bers should have the desired orienta 
tion, i.e. have a dominant ?ber orientation or angle. FIG. 23 
is a microphotograph shoWing dominant ?ber orientation 
generally parallel to gravity and perpendicular to ?oW 
direction, as shoWn by the indicated arroWs. FIG. 24 is a 
microphotograph shoWing ?ber orientation relative to grav 
ity, Wherein the direction of ?oW is into the page. In further 
embodiments, su?icient numbers of ?bers may be provided 
having the desired orientation to enhance drainage locally. 
Because the coalesced dispersed phase drains more freely 
from such areas, the loW local dispersed phase saturation and 
pressure drop are maintained, and the net e?‘ective saturation 
of the coalescer is reduced. While it is desirable for all ?bers 
to exhibit 0t less than 0° and greater than or equal to minus 
90° and [3 less than 60° and greater than minus 60°, this may 
not be feasible. Various combinations may also be 
employed. For example, in FIG. 25 if localiZed regions of 
different ?ber orientation are desired other than perpendicu 
lar, localiZed pockets such as shoWn at 78 may be formed in 
the ?brous media, such pockets de?ecting a plurality of 
?bers along other ?ber orientation angles 0t and [3. These 
localized pockets may be provided as shoWn in US. Pat. No. 
6,387,144, incorporated herein by reference, for example by 
needle punching to create such localiZed pockets, depres 
sions, or indentations With ?ber orientation angles 0t and [3 
different than 0° and other than 90° or minus 90°. Other 
means may also be used for forming the localiZed pockets, 
for example the media may be spiked With larger ?bers, 
Wires, nails, brads, or similar structures having a high length 
to Width aspect ratio oriented such that 0t and/or [3 is other 
than 90° or minus 90° as desired. In another alternative, a 
thread-like material may be seWed into the coalescer media 
using a seWing machine or the like, With the threads being 
oriented along an angle of 0° (parallel to ?oW direction), and 
the puncturing needle and thread Would cause the surround 
ing media ?bers to orient at angles other than 90° or minus 
90°. In another alternative, rather than needle punching, the 
localiZed pockets could be created using a heated needle or 
an ultrasonic Welding type process. This Will create a 
saturation gradient causing the coalesced dispersed phase to 
drain from the coalescer. Hence, even though all ?bers do 
not have a desired orientation angle 0t other than 0°, drainage 
Will nonetheless be enhanced compared to having all ?bers 
oriented With 0t equal to 0°. These re?nements introduce 
?bers or structures preferentially oriented With respect to 
?oW in a manner that assists drainage and reduces pressure 
drop. Since it is often impractical to have all ?bers so 
oriented, localiZed pockets having the preferred orientation 
can be created in layered media to reduce pressure drop and 
improve coalescer life. 

[0041] The present system provides a method of increas 
ing the life of a coalescer. The coalescer has a pressure drop 
thereacross increasing With time until the rate of drainage of 
the coalesced dispersed phase equals the rate of capture, 
providing an equilibrium pressure drop. The method 
increases coalescer life by reducing dispersed phase satura 
tion and increasing porosity and solids loading capacity by 
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decreasing equilibrium pressure drop by increasing the rate 
of drainage. The method involves providing ?brous media as 
a plurality of ?bers and dominantly orienting the ?bers 
preferably along a ?rst dominant ?ber orientation angle 0t 
less than 0° and greater than or equal to minus 90° and 
preferably along a second dominant ?ber orientation angle [3 
less than 60° and greater than minus 60°. In one embodi 
ment, the coalescer is vertically vibrated. The method 
involves minimizing the volume of ?brous media that is 
saturated With the dispersed phase Where restriction is 
greatest and How rate and removal least, and maximizing the 
volume of the ?brous media Where restriction is least and 
How rate and removal greatest, by providing the coalescer 
With a loWer region of greater dispersed phase saturation and 
smaller volume than an upper region. In one embodiment, 
the coalesced drops are Wicked aWay from the ?brous media 
at the loWer region of increased dispersed phase saturation. 

[0042] It is recognized that various equivalents, alterna 
tives and modi?cations are possible Within the scope of the 
appended claims. 

What is claimed is: 
1. A coalescer for coalescing a medium having tWo 

immiscible phases, namely a continuous phase and a dis 
persed phase, said continuous phase ?oWing from upstream 
to doWnstream, said coalescer comprising ?brous media 
capturing droplets of said dispersed phase, coalescingly 
groWing said droplets into larger drops Which further coa 
lesce and groW to form pools that drain, said ?brous media 
being adapted to reduce pressure drop thereacross by 
increasing dispersed phase drainage therefrom. 

2. The coalescer according to claim 1 Wherein said 
coalescer has a ?rst cross-sectional area along a ?rst hori 
zontal plane, and a second cross-sectional area along a 
second horizontal plane, said second horizontal plane being 
vertically beloW said ?rst horizontal plane, said second 
cross-sectional area being less than said ?rst cross-sectional 
area. 

3. The coalescer according to claim 2 Wherein said 
coalescer has a perimeter de?ning a given shape in a vertical 
plane, said perimeter having a plurality of chords there 
across, including vertical chords and horizontal chords. 

4. The coalescer according to claim 3 Wherein the longest 
of said chords extends vertically. 

5. The coalescer according to claim 3 Wherein said given 
shape in said vertical plane is selected from the group 
consisting of a racetrack shape, an oval shape, a triangle 
shape, a square shape, a trapezoid shape, and a circle shape. 

6. The coalescer according to claim 3 Wherein said given 
shape in said vertical plane has a holloW interior. 

7. The coalescer according to claim 6 Wherein ?oW 
direction is selected from the group consisting of: inside-out, 
namely from said holloW interior outWardly through said 
?brous media; and outside-in, namely inWardly through said 
?brous media into said holloW interior. 

8. The coalescer according to claim 1 Wherein said ?brous 
media comprises a plurality of ?bers having a nonrandom 
dominantly vertical orientation. 

9. The coalescer according to claim 8 Wherein said 
coalescer has a perimeter, and said ?bers extend dominantly 
circumferentially tangentially along said perimeter. 

10. The coalescer according to claim 9 Wherein said 
perimeter de?nes a given shape in a vertical plane, said 
perimeter having a plurality of chords thereacross, the 
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longest of said chords extending vertically, said ?bers 
extending dominantly circumferentially tangentially along 
said perimeter being dominantly vertical and providing 
increasing drainage pressure at loWer vertical regions of said 
coalescer. 

11. The coalescer according to claim 10 Wherein said 
coalescer has a ?rst cross-sectional area along a ?rst hori 
zontal plane, and a second cross-sectional area along a 
second horizontal plane, said second horizontal plane being 
vertically beloW said ?rst horizontal plane, said second 
cross-sectional area being less than said ?rst cross-sectional 
area, said plurality of chords include vertical chords and 
horizontal chords, said horizontal chords including a ?rst 
horizontal chord along said ?rst horizontal plane, and a 
second horizontal chord along said second horizontal plane, 
said second horizontal chord being shorter than said ?rst 
horizontal chord. 

12. The coalescer according to claim 8 comprising a 
shaker vertically vibrating said coalescer. 

13. The coalescer according to claim 1 Wherein said 
coalescer has a loWer region of greater dispersed phase 
saturation and smaller volume than an upper region, to 
minimize the volume of said ?brous media Where restriction 
is greatest and continuous phase ?oW rate least, and to 
maximize the volume of said ?brous media Where restriction 
is least and continuous phase ?oW rate greatest. 

14. The coalescer according to claim 1 Wherein said 
coalescer has a loWer region of increased dispersed phase 
saturation, and comprising a loWer media element of greater 
dispersed phase Wettability than said ?brous media and in 
contact With said loWer region of said coalescer and Wicking 
said coalesced drops from said ?brous media at said loWer 
region. 

15. The coalescer according to claim 14 Wherein said 
?brous media is nonWetting With respect to said dispersed 
phase, and said loWer media element is Wetting With respect 
to said dispersed phase. 

16. The coalescer according to claim 1 Wherein said 
coalescer has a loWer region, and comprising a loWer media 
element in contact With said loWer region of said coalescer, 
and Wherein the cosine of the dispersed phase contact angle 
of said loWer media element is greater than the cosine of the 
dispersed phase contact angle of said ?brous media. 

17. The coalescer according to claim 1 Wherein said 
?brous media comprises a plurality of ?bers having a 
dominant ?ber orientation angle 0t de?ned as the angle of 
?ber extension relative to horizontal, and Wherein 0t is less 
than 00 and greater than minus 90°. 

18. The coalescer according to claim 1 Wherein said 
?brous media comprises a plurality of ?bers having a 
dominant ?ber orientation angle [3 de?ned as the angle of 
?ber extension relative to How direction, and Wherein [3 is 
less than 60° and greater than minus 60°. 

19. The coalescer according to claim 1 Wherein: 

said ?brous media comprises a plurality of ?bers having 
a ?rst dominant ?ber orientation angle 0t de?ned as the 
angle of ?ber extension relative to horizontal; 

said plurality of ?bers have a second dominant ?ber 
orientation angle [3 de?ned as the angle of ?ber exten 
sion relative to How direction; 

Wherein in combination 0t is less than 0° and greater than 
or equal to minus 90°, and [3 is less than 60° and greater 
than minus 60°. 
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20. The coalescer according to claim 1 comprising a 
plurality of localized pockets formed in said ?brous media, 
said pockets de?ecting a plurality of ?bers along desired 
?ber orientation angles (X and [3, ?ber orientation angle (X 
being de?ned as the angle of ?ber extension relative to 
horizontal, ?ber orientation angle [3 being de?ned as the 
angle of ?ber extension relative to How direction. 

21. A method of increasing the life of a coalescer coa 
lescing a medium having tWo immiscible phases, namely a 
continuous phase and a dispersed phase, said continuous 
phase ?oWing from upstream to doWnstream, said coalescer 
comprising ?brous media capturing droplets of said dis 
persed phase, coalescingly groWing said droplets into larger 
drops Which further coalesce and groW to form pools that 
drain, said coalescer having a pressure drop thereacross 
increasing With time until the rate of drainage of said 
dispersed phase equals the rate of capture, providing an 
equilibrium pressure drop, said method comprising increas 
ing coalescer life by reducing dispersed phase saturation and 
increasing porosity by increasing said rate of drainage. 

22. The method according to claim 21 comprising pro 
viding said ?brous media as a plurality of ?bers and domi 
nantly orienting said ?bers along a dominant ?ber orienta 
tion angle (X less than 0° and greater than or equal to minus 
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90°, Where (X is de?ned as the angle of ?ber extension 
relative to horizontal. 

23. The method according to claim 21 comprising pro 
viding said ?brous media as a plurality of ?bers and domi 
nantly orienting said ?bers along a dominant orientation 
angle [3 less than 60° and greater than minus 60°, Where [3 
is de?ned as the angle of ?ber extension relative to How 
direction. 

24. The method according to claim 21 comprising verti 
cally vibrating said coalescer. 

25. The method according to claim 21 comprising mini 
mizing the volume of said ?brous media Where restriction is 
greatest and How rate least, and maximizing the volume of 
said ?brous media Where restriction is least and How rate 
greatest, by providing said coalescer With a loWer region of 
greater dispersed phase saturation and smaller volume than 
an upper region. 

26. The method according to claim 21 comprising pro 
viding said coalescer With a loWer region of increased 
dispersed phase saturation, and Wicking said coalesced 
drops aWay from said ?brous media at said loWer region. 


