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METHOD ANO DEVICE FOR SEPARATION OF AEROSOL 

·cross ·R.efen.-ce To Related Applicatibns 

The present application is a continuation-in-part of U.S. Serial No. 

08/884,294, filed June 27> 1997. The complete disclosure ofU.S. Application 

08/884,294 is incorporated herein by reference. 

Field of the Invention 

The present invention relates to systems and methods for separating 

hydrophobic fluids (such as oils) which are entrained as aerosols, from gas streams 

(for example, air streams). Preferred arrangements also provide for filtration of 

other fine contaminants, for example carbon material, from the gas streams. 

1 S Methods for conducting the separations are also provided. 

20 

Baek.ground of the Invention 

Certain gas streams, such as blow-by gases from diesel engines~ carry 

substantial amounts of entrained oils therein, as aerosol. The majority of the oil 

droplets within the aerosol are generally within the size of 0.1-5.0 microns. 

In addition, such gas streams also carry substantial amounts of fme 

. contaminant, such as carbon contaminants. Such contaminants generally have an 

average particle size of about 0.5-3.0 microns. 

In so~e systems, it is desirable to vent such gases to the atmosphere. 

In general, it is preferred that before the gases are vented to the atmosphere, they be 

25 cleaned of a substantial portion of the aerosol and/or organic particulate 

contaminants therein. 

In other instances, it is desirable to direct the air or gas stream into 

equipment. When such is the case, it may be desirable to separate aerosol and/or 

particulates from the stream during the circulation, in order to provide such benefits 

30 as: reduced negative effects on the downstream equipment; improved efficiency; 

recapture of otherwise lost oils; and/or to address environmental concerns. 

A variety of efforts have been directed to the "bove types of concerns. 

The variables toward which improvements are desired generally concem the 

following: (a) size/efficiency concerns; that is, a desire for good efficiency of 
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separation while at the same time avoidance ofa requirement for a large separator 

system; (b} cost/efficiency; that is, a desire for good or high efficiency without the 

requirement of substantially expensive systems; (c} versatility; that is, development 

of systems that can be adapted for a wide variety of applications and uses, without 

5 significant re-engineering; and, ( d} cleanability/regeneratability; that is, development 

of systems which can be readily cleaned (or regenerated) if such beComes desired, 

after prolonged use. 

Summary of the Invention 

An arrangement for separating a hydrophobic liquid phase from a 

10 gaseous stream comprises a coales~er filter, a housing· construction, a gas flow 

direction arrangement, and a liquid collection arrangeinent. The coalescer filter 

preferably comprises a non;.woven media of fibers .. The housing construction 

defines an interior and has a gas flow inlet and a gas flow outlet The gas flow 

direction arrangement is constructed and arranged to direct gas flow (for example 

15 crankcase blow-by gas flow} through the coalescer filter as the gas is directed into 

and through the housing construction. The liquid collection arrangement is 

positioned within the housing construction and is oriented for receiving liquid 

collected within the coalescer filter and drained therefrom. 

Preferably, the coalescer filter comprises a panel construction 

20 ·removable from, and replaceable in, the arrangement 

25 

Preferably, a liquid drain construction is in fluid communication with 

the liquid collection arrangement. The liquid drain construction is constructed and 

arranged to selectively drain collected hydrophobic liquid from the housing 

construction interior. 

In certain preferred embodiments, the arrangement further includes a 

second filter. Preferably, the second filter is positioned within the housing 

construction and is located downstream from the coalescer filter. The gas flow 

direction arrangement is constructed and arranged to first direct gas flow through the 

coalescer filter and then to secondly direct gas flow through the second filter, as gas 
j 

30 is directed into and through the housing construction. : 
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P:refcfumlyt the coalescer filter has an u-am surface area of no 

more than 25% of lib upstream smface area of the sec0ncf filter. In certain preferred 

embodiments, the coalescer filter bas an upstream surface area of about 0.1 o/.-1 Oo/o, 

typically about 0.5-1 %, and preferably about 0.8%, of an upstream surfilce area of 

the second filter. 

Preferably, the second filter comprises pleatecl mediL In certain · 

ari'allgements, the second filter is removable and teplaceable, and the housing is 

coftStrUCted and arranged with an openable end cover for access to remove the 

second filter without removal or. dismounting of the coalescer filter. The first and 

10 second tilters can be mechanically connected to be replaced as one unit; or, they can 

be-separate constructions to be replaced separately. 

15 

20 

In one preferred embodiment the coalescer filter comprises a non­

woven media of fibers having an average fiber diameter of less than 25 microns, 

typically and preferably within the range of 9-25 microns. 

Brief Description of the Drawinl! 

Fig. 1 is a schematic view of an engine system using an aerosol 

separator mangement according to the present invention; 

Fig. 2 is a schematic representation depicting application of principles 

. in a separator arrangement according to the present invention; 

Fig. 3 is a perspective view of an arrangement according to the 

present invention; 

Fig. 4 is a side elevational view of the arrangement shown in Fig. 3; 

Fig. 5 is a cross-sectional view taken generally along line 5-5~ Fig. 3, 

and viewed ftom a reverse direction to that shown in Fig. 4; 

25 Fig. 6 is a cross-sectional view taken generally along line 6-6, Fig. 3; 

30 

Fig. 7 is an exploded cross-sectional view of the arrangement shown 

in Fig. S; 

Fig. 8 is a fragmentary, exploded cross-sectional view of a portion of 

the arrangement shown in Fig. 6; 

Fig. 9 is an enlarged perspective view of a coalescer filter depicted in 

Fig. 8; 
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Fig. 10 is ·a cross-sectional view takeJ1 generally along line 10-10, 

Fig. 11 is a top plan view of the arrangem~t shown in Fig. 3; 

Fig~ 12 is a bottom plan view of the arrangement shown in Fig. 3; 

5 Fig. 13 is a side elevational view of the am111gem.ent shown in Fig. 3, 

the view of Fig. 13 being from a side opposite to that shoWll in Fig. 4; 

Fig. 14 is a side elevational view of the ammgement shown in Fig. 3, 

the view of Fig. 14 being analogous to the view ofFig.13 with the device of Fig. 13 

rotated 90° counterclockwise; 

10 Fig. 15 is a view of the arrangement sh<>Wn in Figs. 13 and 14, with 

15 

the view being a side elevational view depicting the devi~ rotated clockwise 90°, 

relative to the viewing angle shown in Fig. 13; 

Fig. 16 is an enlarged, fragmented, cross-sectional view of a seam 

joining the first and second sections, shown in Fig. S; . 

Fig. 17 is a perspective view of a second embodiment of a coalescer 

filter, according to the present invention; 

Fig. 18 is a perspective view of the arrangement of Fig. 17 depicting· 

the opposite side, according to the present invention; · 

Fig. l 9:is a top plan vi~ of the arrangement of Fig. 18 showing a 

20 housing body and with the cover and the first and second stage tilter media removed, 

according to the present invention; 

Fig. 20 is a side-elevational view of the housing body shown in Fig. 

19, according to the present invention; 

Fig. 21 is a cross-sectional, somewhat schematic, view taken along 

25 the line 21-21 of Fig. 19 of the body, according to the: present invention; 

Fig. 22 is a top plan view of the cover depicted in Fig. 18, and 

showing an inside surface of the cover, according to the present invention; 

Fig. 23 is a top plan view of the body holding the second stage filter 

media, according to the present invention; 

30 Fig. 24 is a top plan view of the filter body, analogous to Fig. 23, but 

with the second stage filter media removed, and showing the first stage filter media 

positioned in an inlet region, according to the present invention; 
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·Pig. 25 is a cross*Seetional, somewhat seb.enumc, view taken along 

the line 25-25 of Fig. 29 of the first stage filter media, according to the present 

invention; 

Fig. 26 is a fragmented, cross-sectional, somewhat schematic, view of 

S an adapter member and depicting a bypass valve arrangement, according to the 

present invention; 

Fig. 27 is a schematic, side elevational, view of the second stage tilter 

media, according to the present invention; 

Fig. 28 is a schematic view of an engine system using the filter 

10 arrangement, according to the present invention; 

15 

Fig. 29 is a top plan view of the first stage filter media construction, 

according to the present invention; and 

Fig. 30 is a side-elevational view of the first stage filter media 

construction depicted in Fig. 29, according to the present invention. 

Detailed Description 

L A Typical Application - Engine Crankcase Breather Filter 

Pressure-charged diesel engines often generate "blow-by~' gases, i.e., 

a flow of air-fuel mixture leaking past pistons from the combustion chambers. Such 

"blow-by gases" generally comprise a gasp~ for example air or combustion off 

20 gases, carrying therein: (a) oil or fuel aerosol principally comprising 0.1-5.0 micron 

droplets; and, (b) carbon contaminant from combustion, typically comprising carbon 

particles, a majority of which are about 0.1-10 microns in size. Such "blow-by 

gases" are generally directed outwardly from the engine block, through a blow-by 

vent. 

2S Herein when the tenn "hydrophobic" fluids is used in reference to the 

entrained liquid aerosol in gas flow, reference is meant to nonaqueous fluids, 

especially oils. Generally such materials are immiscible in water. Herein the term 

"gas" or variants th~of, used in connection with the carrier fluid, refers to air, 

combustion off gases, and other carrier gases for the aerosol 
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The gases may carry substantial amounts of other components. Such 

components may include, for example, copper, lead, silicone, aluminum, iron, 

chromium, sodium, molybdenum, tin, and other heavy metals. 

Engines operating in such systems as trucks, farm machinery, boats, 

S buses, and other systems generally comprising diesel engines, may have significant 

gas flows contaminated as described above. For example, flow rates and volumes on 

the order of 0-50 cfin (typically S to 10 cfm) are fairly common. 

Fig. 1 illustrates a schematic indicating a typical system in which a 

coalescer/separator arrangement according to the present invention would be 

10 utilized. Referring to Fig. 1, an engine is shown g~y at 10. The engine l 0 may 

generally comprise a diesel engine, although other types of engines are 

contemplated. The .engine 10 gives off a blow-by .gas, which may carry substantial 

amounts of entrained oils therein as aerosol, arid also substantial amounts of fine 

contaminant, such as carbon contaminants. The blow-by gasses are vented through a 

15 connector 12 and through a c~k valve 14. The check valve 14 may also be further 

upstream in the system. Attached to the housing for the check valve 14 is a 
' ' 

connector 16. Downstream of the connector 16 and attaChed thereto is a coalescing 

filter 18. The coalescing filter 18 separates the blow-by gas into two components 

including a liquid component and a partially filtered gas component. A second stage 

20 filter 20 is attached to the coalescing tilter 18 by way of another connector 22. The 

second stage filter 20 acts to further purify the somewhat filtered gas component 

from the coalescer filter. That is, it removes fine particles which may still be 

remaining in the gas component. The purified gas is then directed through a 

connector 24 through a ·pressure regulator 26 and into an engine intake system 28, 

25 such as a turbo. The liquid component from the coalescer filter 18 is directed 

through a line 30 and into an engine sump 32. 

According to the present invention, an arrangement for separating a 

hydrophobic liquid phase from a gaseous stream (sometimes referred to herein as a 

coalescer/separator arrangement) is provided. In operation, a contaminated gas flow 

30 is directed into the coalescer/separator arrangement. Within the arrangement, the 

fine oil phase or aerosol phase (i.e., hydrophobic phase) coalesces. The arrangement 

is constructed so that as the hydrophobic phase coalesces into droplets, it will drain 
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as a liquid such that it can readily be collected and removed fi:om the systeln. With 

; prefetred arrangemdl\ts -is described hereinbelow, the ~atescer or 

coalescerlseparr, especially with the oil phase in part loaded thereon, operates as a 

prefilter for carbon contaminant carried in the gas stream. Indeed, in preferred 

S systemS~ as the oil is drained from the system, it will provide some self-cleaning of 

the coalescer because the oil will carry therein a portion of the trapped carbon- · 

contaminant. In preferred arrangements according to the present invention, the 

coalescer/separator arrangement is constructed with a removable media componen~ 

fot ease of cleaning or regeneration. In some prefened systems at least a single 

10 downstream (or second) filter or polish filter is provided. In other systems, multiple 

downstream filters can be provided. 

The general principles of operation, of a system according to the 

present invention, will be understood by reference to the schematic of Fig. 2.' In 

-Fig. 2, a gas flow to be filtered is shown directed into the system 49 at SO. A 

15 coalescer or coalescer/filter is indicated generally at 51. As the air passes through. 

coalescer 51, two material streams are generated: a somewhat filtered or purified gas 

stream 52; and, a liquid phase 53. The gas stream 52 is shown directed into a second 

stage filter SS for polishing, with gas outflow from the ammgement indicated via 

line 56. At this point; the gas may be directed to downstream equipment or to the 

20 atmosphere. In typical systems such as those shown in Fig. 1, the gases in line 56-

would be directed to an engine intake system. In other typical systems, the gases in 

line 56 would be directed to the atmosphere or exhaust. 

The liquid phase (with any entrained solids) from coalescer 51 is 

shown directed via line 53 to a drain constmction 59. The material is then directed 

25 via line 60 wherever desired. For example, it may be recycled to the crank.case to be 

reused. Alternatively; it may be collected-separately for disposal. 

In general, coalescer Sl comprises material in which the fme oil 

droplets carried within air SO will tend to collect and coalesce into droplets. Useful 

materials and consttuctions for this are described below. 

30 In general~ preferably the support or substrate material in coalescer 51 

is seleeted and configured in a manner such that the combination of coales~er Sl and 

collected oil droplet phase will operate as a prefilter for contaminants (especially 
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carbon particles) also carried in line SO. The contaminants or carbon particles will 

tend to become entrained in the liquid flow, leaving the system through line 53. 

Thus, to some extent, in a system such ~:that described herein, coalescer S l is self­

cleaning. Alternately stated, the continuously collected oil phase will tend to wash 

5 some of the continuously collected carbon particle phase out of coalescer 51. 

For typical~ it is anticipated that the coalescer 51 will be· 

designed such that with a typical gas flow theretbrougb, a substantial life for the 

coalescer S l will, in part, result from the washing effect. However, it is also 

anticipated that the system will not be "tuned" with an effort toward optimal 

10 operation through self-cleaning .. That is,·. it is anticipated that coalescer 51 will, in 

preferred systems, be configured for periodic regeneration resulting from removal of 

filter media or coalescing material positioned therein and either cle~ or· 

replacement. Alternately phrased, it is foreseen that in typical applications the 

material (media) of the coalescer will be chosen with a focus on achievement of 

15 high-efficiency aerosol removal, preferably at least 20%, more preferably at least 25-

50%, by weight in typical use. This will also result in substantial carbon particle 

removal. The carbon particle removal will in part be facilitated by the fact that 

substantial amounts of oil phase will coalesce·within the media, and the oil phase 

will help trap the carbon material~ It is foreseen that if the coalescer material is 

20 selected (tuned) to achieve highest efficiency carbon particle removal, especially ·OD 

the order of about 60%, it might offer too great a restriction to gas flow, to be fully 

desirable as a coalescer filter. 

25 

n. An Example of a Multi-Stage Oil Aerosol Separator. 

Attention is now directed to Figs. 3-15, in which a multi-stage oil 

aerosol separator or coalescer/separator according to the present invention is 

provided. The system is generally referenced herein as "multi-stage" because it not 

only includes an aerosol separator/filter arrangement according to the present 

invention; but, it also includes at least a single, and could include multiple, 

30 downstream or second stage filters, for further purification of the air stream. Oil 

separator or coalescer/separator mangements as generally described herein may, 

alternatively, be utilized in overall assemblies that do not include downstream filters. 
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In Rg. 3, a perspective view of a dual-staje aerosol separator 

assembly 1S is fJIOVided. In general, the first stage of separation, which~ a 

tealescertilter, is indica1:ed generally at 76; and, the second stage, which comprises 

a·polishing filter, is located within the portion of the assembly indicatc:d generally at 

s 77. 

Referring to Fig. 3, the assembly 75 includes a housing 80 having an 

inlet tube construction 81; a canister portion 82; and, an outlet tube construction 83. 

In use, gas flow to be modified is directed into the canister portion 82 via inlet tube 

construction 81. Liquid which coalesces within the first stage 76 drains to a bottom 

10 portion SS of the canister portion 82, from which it is removed as described. below. 

The gas phase is directed through canister portion 82, and a filter element positioned 

therein, and is directed outwardly from the assembly 78 through outlet tube 

construction 83. 

For the assembly 75 shown, the inlet tube construction 81 comprises 

lS a segmented tube construction 88 (Fig. 8). The term "segmented. tube construction'' 

and variants thereof used herein, refers to a tube which comprises at least two 

separable segments mechanically secured together. That is, the segments can be 

readily separated from one another. In the instance of segmented tube construction 

88, two segments are shown comprising a first segment 90 and a second segment 91. 

20 Segment 91 is completely separable from a remainder of the assembly 75, whereas 

segment 90 is integridly formed with a portion of the housing 80. In the 

arrangemen~ shown, the first stage coalescer separator or filter is positioned between 

first segment 90 and second segment 91. Second segment 91 is secured, in fluid 

flow relation, to first segment 90, by clamp arrangement 95. Clamp arrangement 95 

25 comprises oversleeve 96, secured to jo~ in a sealing manner, segments 96 and 91, 

by clamps 97 and 98. Clamps 97, 98 include bands 102, 103 mounted around 

oversleeve 96 and secured with fasteners 137, 138. Thus, second segment 90 can be 

removed and replaced by simply loosening clamp 98. 

Still referring to Fig. 3, housing 80 comprises a first or cover section 

30 104 and a second or bottom section 105. The two sections are joined to one another 

along seam 107 by clamp 108. For the arrangement shown, sections 104 and lOS 
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can be separated from one another, selectively, by simply loosening or releasing the 

clamp 108. This allows access to the interior of housing 80, for servicing. 

Still referring to Fig. 3, for the particular arrangement shown, cover 

section 104 is a molded plastic construction 109; ·and, bottom section 105 is a sheet 

S metal section 110. Although alternate arrangements are possible, advantages from 

constructing the two sections 104 and 105 as described Will be apparent from 

following descriptions. 

In use, assembly 75 can be readily mounted to the framework of a 

vehicle or other equipment. A variety of mounting arrangements can be used, 

10 including mounting band arrangements or a :framework with appropriate retention 

nuts. In some instances molded mounting arrangements may be constructed to 

extend around the outer periphery of cover section 104, to allow for greater choice of 

radial positioning, during mounting. 

Before detailed description of internal components of assembly 75 is 

15 presented, a review of certain other Figs. will be made in order to examine 

outwardly viewable features of the assembly 75; · 

Referring first to Fig. 4, it is noted thai: second or bottom section 105 

has a bowl or funnel.;.shaped lower end or end cover 120 with centrally positioned 

liquid drain 121 therein. The combination of bowl 120 and drain 121 comprises a 

20 collection and drain arrangement for hydrophobic liquid. In use, as liquid coalesces 

within the assembly 75, it will drain downwardly toward end plate or bowl 120, and 

will be funneled to, drain 121. Typically, appropriate drain lines will be secured to 

drain 121, to direct the collected liquid as desired, for example to an oil sump. 

Also referring to Fig. 4, further detail concerning clamp 108 is 

25 viewable. The clamp 108 includes a metal band 125 having opposite end brackets 

126 and 127 thereon. Tum key 128 includes handle 129 which can be turned, to 

tighten band 125 by pulling ends 126 and 127 together. By so doing, due to the 

configuration of band· 125 and certain components positioned thereon, discussed 

hereinbelow, housing sections 104 and 1 OS can be sealed together. 

30 Attention is now directed to Figs. 11 and 12. Fig. 11 is a top plan 

view of the arrangement shown in Fig. 3; and, Fig. 12 is a bottom plan view of the 

arrangement. 
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R.efetrin'g to Figs. 11 and 12, it is noted t)u1t the inlet tube 

cmistructkm 11-.is moullted at the center of the housing 1f ,_ Housing' cever section 

1 Q4 bas a generally circular outer wall 132. The circular outer wall defines a circular 

inner wall 133, Fig. 6. In general, inlet tube construction 81 directs air passing 

S therethrough, in the general direction indicated by phantom arrows 135, Fig. 11. 

-In an alternative constmction. the inlet tube may be mounteG with a 

sidewall thereof generally tangential to a circular inside wall of the housing, rather 

than directly toward a center point or axis. A tangential mount of the inlet tube 

relative to the housing will create a tangential airflow path around the element. 

10 Attention is now directed to Fig. 6. Fig. 6 is a cross-sectional view 

taken generally along line 6-6, Fig. 3. As a result of the orientation of view in Fig. 6 

one views the interior construction of cover section 104 and segmented tube 

construction 88. 

Refening to Fig. 6, cover section 104 includes therein ~ircular baffie 

JS member 145. Baftle member 14S is positioned spaced :from outerwall 133, 

generating cyclonic air flow passageway 146 therebetween. Outlet tube 83 includes 

an extension 147 concentricity aligned with baffle member 145, and circumscribed 

thereby. As will be understood from descriptions hereinbelow, between section 147 

and baffle member 145, an end of a filter element (described. in connection with Fig. 

20 5) will typically be positioned in use. Typically baftle member 145 will be a length 

of about 7S%-12So/~ more typically about 110%, of the diameter of the inlet. 

Still referring to Fig. 6, stmctures 150 comprise vanes in bottom 

section 105, discussed below. 

Still referring to Fig. 6, for the particular arrangement shown, 

25 sandwiched between second section 91 and first section 90 of segmented tube 

construction 88 includes coalescer filter 150 therein. Coalescer filter 150 is secured 

within framework 151 tangentially across gas flow passageway 152. Thus, gas that 

is passing from region 153 of tube 90 into region 154, of tube 91, generally passes 

through coalescer filter 150. Of course coalescer filter 150 could be positioned in 

30 other parts ofthe assembly 75; for example in tube section 91 or in cover 104. 

·However; the-arrangement shown is convenient and effective. 
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Coalescer filter 150 comprises a material appropriate for coalescing 

hydrophobic aerosol carried within a gas stream passing through tube 91 into 

housing 80. Preferred materials for coalescer filter 150 will be described below. It 

is foreseen that in typical embodiments coalescer filter 150 will comprise a 

5 nonwoven fibrous bundle. 

Attention is now directed to Fig.· 8. At 160 is a removable and 

replaceable segment 160. Segment 160 includes appropriate framework 161, 162 to 

receive, securely, coalescer filter 150 therein and to position coalescer filter 150 in 

securing relation between first sectjon 90 and second section 91. Coalescer .filter 

10 150 is preferably sealed within the framework 161, 162. The sealing may be 

accomplished by gluing, crimping, heatstaking, ultrasonic welding, or by other 

methods and materials. Preferred constructions are as described below.· 

It is noted that for the arrangement shown in Fig. 8, flow passageway 

153 ·is of about an equal cross-sectional diameter to the cross-sectional diameter of 

15 region 154. In general, it is desirable to maintain a face velocity of about 200-500 

ft/min, preferably, about 350 ft/min across coalescer 150. 

Attention is now directed to Fig. 9 in which an enlarged perspective 

view of coalescer filter 150 within its framework 161, 162 is depicted. Referring to 

Fig~ 9, the coalescer segment 160 is generally cylindrically shaped. It includes an 

20 ·upstream face 155, and a downstream face 156 at an opposite side thereon. 

Referring to Fig. 6, in use, as gas flow is directed through coalescer 

filter 150 from region 153 toward region 154 (and housing 80), hydrophobic liquid 

carried or entrained within the gas flow, as an aerosol, will coalesce within the filter 

150. As the liquid droplets form, they will drain from filter 150 and, due to the gas 

25 flow, will generally flow outwardly from filter 150 in the direction indicated by 

arrows 179. The gas flow will generally cause the liquid flow to enter the housing 

80 and to drain downwardly along inward wall 133 toward an interior of bottom 

cover 1 OS. Eventually the liquid will drain to the bottom of cover 105, along end 

plate 120 toward drain 121, Fig. 4. This liquid flow will include therein some 

30 particulate material, for example, carbon particles, trapped within a liquid in 

coalescer 150. Thus the liquid flow will, to some extent, self-clean filter 150. 
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The g~ flow, on the other hand, will enter ftausing 80 in a.cyclonic 

pattem,~between baftle 145 and inner wall 133. This gas flow is then~ to a 

second stage tilter, described below in connection with Figs. 5 and 7. 

R.efen:ing to Fig. S, assembly 75 is shown in cross-section. It can be 

S seen from Fig. S that assembly 75 includes a downstream. or second stage filter 

element 170 positioned therein. Preferably element 170 is removable and 

replaceable. Element 170 generally comprises filter media 171 positioned between 

inner and outer liners 172 and 173. A preferred construction, and materials, are 

described below. mement 170 includes a closed end cap 174 and an open end cap 

l 0 175. Open end cap 175 includes a radial sealing portion 176 sized and configured to 

sealingly engage tube section 144 in a radially sealing manner therealong. As a 

result, material in region 176 becomes compressed between tube 147 and other 

portions of element 171, to form the radial seal. 

In use, after gas flow enters cyclenic section 143, it passes 

15 downwardly in the general direction indicated by arrows 176, 177 through filter 

·element 170, and outwardly through outlet tube 83. Filter element 170 generally 

operates as a polishing filter to remove such materials as some aerosol that may get 

past the coalescer, smoke, and hydrocarbons, from the gas flow stream. 

Coalesced liquid flow, from the·coalescer ISO, again, will generally 

20 run downwardly along inner wall 133 into section 105, and downwardly along wall 

surface 183, toward drain 121. Thus, this liquid will generally not be directed into 

filter element 170. 

Attention is now directed to Fig. 10. Fig 10 is a cross-sectional view 

taken generally along line 10-10, Fig. S. From comparison of Figs. 5 and 10, one 

25 can understand that section 105 includes bottom vanes 185 therein. Forthe 

arrangement shown, a plurality (four) vanes 185 are depicted. The vanes 185 meet 

over drain 121 and provide a reinforcing structure in bottom 120 to lightly support 

filter element 170 in compression against surface 186 and- above liquid (which may 

pool on top of end cover 120, during use). In general, vanes 185 separate the filter 

30 element 170 from the oil being collected. The vanes.185 also help to force the 

element 170 into position in the housing and maintain the seal 176 in place. Vanes 

185 also help to ensure that the element 170 does not fall out of the housing during 
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use due to vibration. In the illustrated embodiment, vanes 185 are molded separately 

as a separate piece from the housing, and then connected to the housing by an 

appropriate fastener 122. 

Attention is now directed to Figs. 7 and 16. Cover 104 includes 

S bottom flange 189 with gasket recess 190 therein. Gasket recess 190 is sized and 

configured to receive, partially set therein, o-ring 191. Section 1 OS ·includes mating 

flange 193. When the mangement is assembled, flange 193 is·compressed toward 

flange 189, with o-ring 191 positioned therebetween. The shape of inner surface 197 

of band 195 is configured so that as key 128 is tightened, band 195 compresses 

10 flanges 189and193 together, around o-ring 191, to cause a good seal. To facilitate · 

this, inner surface 197 is a generally shaped like a wave or omega. Fig. 16 shows 

the flanges 189, 193 clamped together by band 195. 

For the particular preferred arrangement shown, it is noted that the 

upstream surface area of coalescer filter 150 is substantially smaller than an 

1 S upstream surface area of second stage filter element 170. Especially if a fluted 

media is used for media 171, this difference may be substantial. It is foreseen that 

using the preferred materials described herein, a system in which the coalescer filter 

1 SO has an upstream surface of about 1-200/0, and no more than 25%, of the 

downstream area of the media 171 will be effective. 

20 Herein the tenn "gas flow direction arrangement" or variants thereof 

25 

30 

will sometimes be used to refer to the portions of arrangements which direct gas 

flow. For arrangement 75, Figs. 3-15, this would include the inlet tube, walls, 

baftles and outlet tube. The "gas flow direction mangement" generally operates to 

ensure proper gas flow, through the filters, in proper order. 

Constructions according to the present invention can be made rather 

small, yet be highly efficient. Materials and dimensions to accomplish this, for a 

variety of systems, are described below. 

m. Some Useful Materials. 

A. Coalescer Media. 

Significant advantage may be obtained by choice of certain preferred 

material for the coalescer media. Preferred materials comprise nonwoven fibrous 
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constructions of fibers of appropriate size, and wt"th appropriate solidity or density, 

to operate as a goocl coaiescer for the types of air streams likelJ to be encountered in 

use. Preferably organic ti~ such as polyester fibers, of a denier of about 1.5 or a 

diameter of about 9·25 micron, typically about 14.5 miQrons, are used to form the 

S material. A preferred material is 8643 available from Kem-Wove, Inc., Chadotte, 

North Carolina 28241. 

10 

The density or percent solidity of the media may be varied, depending 

on a particular use. In general, the percent solidity, free state, is about 1.5-1.8. 

B. Downstream Filter Media. 

For the downstream filter, conventional media used in such 

arrangements as diesel engines will be acceptable for typical systems. A preferred 

such media is high surface loading pleated paper. One typical media is a high 

surfilce loading pleated paper having a weight of about 118 +/- 8 lbsJ3,000 square 

15 feet; a permeability of about 34 +/- S.S feet per minute; a thickness at 1.25 psi of 

about 0.05-0.07 inches; a tensile strength of at least 13 pounds per inch; a wet burst 

strength of at least 12 psi; and a cured wet burst strength of no greater than 40 psi. 

Media such as this used in an amngement as described herein achieves an efficiency 

of at least 800/~ by weight 

20 

C. Other Components 

Preferably, the cover section of the housing is constructed from 

plastic, for example, a glass-filled nylon. The bottom section is sheet metal. 

Alternatively, the entire housing could be constructed from all metal or all plastic. 

25 Preferably, the end caps are made from a polyurethane foam. 

Alternatively, the end caps ceula be metal. 

IV. Principles Relating to Size of System 

It is particularly advantapaus that an artangement utilizing principals 

30 described herein can be configttfed in a relatively small package, with highly 

efticient operation. For example, it is foreseen that a system such as tllat shown in 

the Figs. QU1 be configured with an ovetall size of about S inches in diameter and 
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about 12 inches in length, with an overall operation efficiency of greater than 90% 

for gas flow streams such as diesel blow-by combustion aerosol. 

A key component in such systems; of course, is the coalescer. In 

particular, the coalescer is configured to have an upstream surface area of no more 

5 than about 20%, typically no more than about 10%, (usually 0.5 to 1%) of the 

sur&ce area of the downstream filtering media. An example of one usable coalescer 

filter has an upstream surface area of about 3. 75 square inches. The overall volume 

is about 1.875 cubic inches, with a length of about 2.5 inches, a width of 1.5 inches, 

and a thickness of 0.5 inches. The flow rate is typically 5-10 cfin, and the flow 

10 velocity typically about 3.2-6.4 feet per second. Media, such as polyester fibers of a 

denier of about 1.5 and a diameter of about 14.5 microns used in a system such as 

that described herein, achieves an efficiency of aerosol removal ·of at least 25%, by 

weight. 

The downstream filter media, such as that illustrated at 171, may be 

15 configured to have a diameter ·of about 3 .5 inches, and a length of about 7 inches. 

20 

The inner diameter, that is the diameter of the aperture for receiving the outlet tube 

construction, is about 2 inches. The overall cylinder area is about 76 square inches, 

and the surface area is about 390 square inches. A typical flow rate is about 5-10 

cfm, and a typical flow velocity is about 0.03-0.06 feet per second. 

V. An Additional Embodiment 

Attention is now directed to the additional embodiment depicted in 

Figs. 17-30. 

Referring to Fig. 17, a coalescer filter construction is depicted at 

25 reference numeral 200. The coalescer filter construction 200 includes a housing 

203. The housing 203 depicted is generally a rectangular box, which represents a 

convenient shape for certain uses, as characterized below. The depicted housing 203 

has a two piece construction. More specifically, housing 203 comprises cover or 

door 205 mounted on body or shell section 206. 

30 Referring to Figs. 17 and 18, the housing 203 includes the following 

three flow ports: gas flow inlet port 21 O; gas flow outlet port 211; and, liquid flow 
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outlet port or liquid drain 212. As a result, coalescer filter construction 200 is 

configured accotding to the. general schematic of Fig. 2. 

Attention is now directed to Figs. 19-21. At Figs. 19~21, the housing 

body 206 is depicted. The body 206 includes top wall 215 bottom wall 216, first 

5 sidewall 217, second sidewall 218 and backwall 219. Walls 215, 216, 217 and 218 

extend around, and project from, a periphery ofbackwall-219, to form receptacle 

construction 221. In use, various filter arrangements described below are pgsitioned 

within receptacle 221. 

Attention is now directed to Figs. 17 and 19-21. From these Figs. it 

10 can be seen that backwall 219 includes a front side 224~ which forms an interior 

surface of receptacle 221; and, backside 225, which fomiS a rear, external, surface of 

receptacle 221. 

Referring to Figs. 17 and 19-21, the gas flow inlet port 210 is 

positioned to extend into backside 225 ofbackwall 219. More specifically, the gas 

15 flow inlet port 210 is directed into receiver 228 (Fig. 21). 

Receiver 228 defines a volume 230 projecting outwardly from 

selected portions ofbaclcside 225 ofbackwall 219. The volume 230 is sized for 

receiving a coalescer filter 233 (Fig. 29) therein. Inlet port 210 is directed into 

volume 230, in order to direct gas flow entering inner coalescer filter construction 

20 200 through coalescer filter 233, in a manner described below. 

In general, it is foreseen that pressures within interior 236 of 

coalescer filter construction 200 may, in use; be in the order of about under 1 psi, 

typically about 1/3 psi (about 10-15 inches of water). In addition, due to the nature 

and properties of the diesel blow-hy gases, a mist of entrained oils results, which 

25 may have a tendency to try to seep from filter construction 200. Thus, a goed, 

secure construction retaining door 205 on body 206 is used. Attention is directed to 

Figs. 18 and 22 with respect to this. 

Referring to Fig. 22, door 205 includes hinge tab 240 and 241 fonned 

integrally thereon The hinge tabs 240 and 241 are sized to be received within 

30 receivers 243 and 244 (Fig. 23) respectively, when door 205 is mounted on body 

206. ·Receivers '243 and 244 allow tabs 240 and 241 respectively to pivot, as door 

205 is·swungbetween an open and closed position. When door 205 is in a closed 
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position of Figs. 17 and 18, receivers 243 and 244 secure binge tabs 240 and 241 

snugly, so· that along edge 247 (Fig. 22) the door 205 cannot readily separate from 

body 206 even under internal pressures of the blow-by gases on the order of 0.5 to 

l.O psL The internal pressure of the blow-by gases results in rather substantial 

5 forces on the door 205, in the order of about 10-40 psi, often about 35 psi (about 

3,700 Pa.). 

Door 205 includes an opposite side edge 248, from edge 247. Along 

this edge, door 205 includes retaining tabs 250 and 251 aligned with retaining tabs 

253 and 254 respectively in body 206. Retaining tabs 250 and 2S 1 include apertures 

10 . 256 and 257 respectively therein, overlying analogous apertures 253a and 254a and 

tabs 253 and 254 respectively.·. Preferably apertures include threaded metal inserts, 

to prevent wear and stripping of the threads. To secure door 205 closed, coalescer 

filter construction 200 includes thumb bolt 260 and 261 (Fig. 18) extending through 

apertures 256 ·and 257 respectively. After door 205 is appropriately positioned, it 

15 can be secured closed-by threading thumb bolts 260 ancf 261 for tabs 253 and 254 

until the thumb boltsi260'and.261 bottom out. 

··A gas flow seal between door 205 and body 206 is provided by a 

gasket 265, Figs. 23 and 27, as described below. 

Still referring to Figs. 17, 19, and 20, note that bottom wall 216 of 

20 housing 203 is somewhat funnel shaped downwardly toward central, bottom, liquid 

drain 212. Also note that gas flow outlet port 211 extends outwardly from door 205 

(Figs. 18 and 22). Note that gas flow outwardly through outlet port 211 is directed 

generally orthogonal to the direction of inlet flow through inlet port 210. Although 

alternate constructions may be used, this is preferred for certain embodiments 

25 because it is convenient and minimizes the space occupied by housing 203. 

In certain preferred embodiments, drain 212 includes a 1-way valve 

to permit the draining of liquid, but not the intake of liquid. 

In reference again to Fig. 17, note that backwall 219 defines apertures 

301, 302, 303, 304 therein, located at each respective corner of body 206. 

30 Preferably, apertures 301-304 include threaded metal inserts to prevent wear and 

stripping of the threads. Apertures 301-304 are provided to allow tilter construction 

200 to be secured in a convenient location, for example, on an engine. Filter 
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construction 200 lends itself to be very flexible in its location. ·For exmnple, housing 

203'may be remotefy tilounted from the engine crank~at locations anywhere to 

which· a hose can be led For example1·housing 203 may be mounted on a firewall, 

or on a thlme, and should be mounted above the oil sump. Preferably, housing 203" 

S is mounted no more than 15 feet away ftom the engine. 

Still in reference to Fig. 17, note that body 206 is coDs1ructed and 

arranged to receive an adapter construction 31 (}. Adapter construction 310 includes 

a tilter housing 311 and a valve housing 312. Projecting outwardly from filter 

·housing 311 is an inlet tube 313, generally circumscribing gas flow inlet port 210. 

l O Each of .tilter housings 311 and 312 comprise circular members extending outwardly 

ftom a surrounding flange member 315. Adapter construction 310 is securely 

received by body 206 and attached to backside 225 ofbackwall 219. Methods such 

as ultrasonic welding secure adapter construction 310 to body 206. Valve housing 

312 is for holding a bypass valve construction 285 therein, as described further 

15 below. 

In general, housing 203 includes, enclosed therein, two filter 

constructions: an upstream coalescer filter 233 and a downstream panel filter 268. 

In some embodiments, coalescer filter 233 and panel filter 268 will comprise 

separate pieces which are separately positioned within housing 203. In other 

20 embodiments, coalescer filter 233 and panel filter 268 can be constructed adjoined to 

one another so that both are inserted and removed from housing 203 in a single, 

simultaneous operation. In the embodiment shown, coalescer filter 233 and panel 

filter 268 are separate, independent members or constructions. 

Referring to Figs. 23 and 27, panel filter 268 comprises pleated media 

25 270, positioned in a generally rectangular configuration. Media 270 is 

circumscribed by outer~ rectangular gasket 265. Panel filter 268 includes a front 

liner or screen 271. Front screen 271 is actually positioned on a downstream. side of 

media 270, and helps retain a rigid media configuration. A variety of materials may 

be used for open or porous screen 271, for example, perforated metal, expanded 

30 metal or plastic constructions. In general, plastics such as glass-filled nylon will be 

preferred, for reasons described below. In Fig. 23, screen 271 is depicted as partially 

broken away from the downstream media 270. It should be understood that, in 
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preferred embodiments, screen 271 extends the entire surface within the perimeter of 

gasket26S. 

Gasket 265 may comprise a variety of polymeric materials moldable 

to fonn an appropriate gasket member, with media 270 potted therein.· One useful 

5 material is polyurethane such as that described in commonly assigned U.S. Patent 

No. 5,669,949 for end cap 3, hereby incorporated by reference. Material for gasket 

265 includes the following polyurethane, processed to an end product (soft urethane 
foam) having an "as molded" density of 14-22 pounds per cubic foot (lbs/ft3) and 

which exhibits a softness such that a 25% det;lection requires about a 10 psi pressure. 

10 In some embodiments, the "as molded" density varies from the 14-22 lbs/ ft3 range. 

The polyurethane comprises a material made with I35453R resin and I3050U 

isocyanate. The materials should be mixed in a mix ratio of 100 parts 135453 resin 

to 36.2 parts 13050U isocyanate (by weight). The specific gravity of the resin is 1.04 

· (8. 7 lbs/gallon) and for the isocyanate it is 1.20 (10 lbs/gallon). The materials are 

15 typically mixed with a high dynamic shear mixer. The component temperatures 

should be 70-95°F. The mold temperatures should be 115-135°F • 

. The resin material 135453R bas the following description: 

(a) Average molecular weight 

1) Base polyether polyol = 500-15,000 

20 2) Dials = 60-10,000 
3) Triols = 500-1 S,000 

(b) Average functionality 
1) total system= 1.S-3.2 

(c) Hydroxyl number 

25 1) total systems= 100-300 
(d) Catalysts 

1) amine= Air Products 0.1-3.0 PPH 
2) tin= Witco 0.01-0.S PPH 

(e) Surfactants 

30 1) total system= 0.1-2.0 PPH 
(t) Water 

1) total system= 0.03-3.0 PPH 

(g) Pigments/dyes 
1) total system= 1-5% carbon black 

35 (h) Blowing agent 

SUBSTITUTE SHEET (RULE 26) 111im~r 



W099/00587 PCT/0898/13170 

s 

10 

21 

1) 0.1-6.0%-FIFC 134A. 

The 13050U isocyanate description is as follows: 

(a) NCO content - 22.4-23.4 wt°A 

(b) 

(c) 

(d) 

(e) 

(t) 
(g) 

Viscosity, cps at 2S°C = 600-800 

Density= 1.21 g/cm3 at 25°C 

Initial boiling pt. - l 900C at Smm Hg 

Vaper pressure= 0.0002 Hg at 2S°C 

Appearance - colorless liquiti· 
Flash point (Densky-Martins closed cup) = 2000C. 

The materials 135453R and 130SOU are available from BASF 

Corporation, Wyandotte, Michigan 48192. 

Preferably, body 206 includes perimeter trough 272·therein (Fig. 19), 

sized and configured to receive gasket 265. Fig. 23 shows panel filter 268 seated 

1 S within trough 272 and held by body 206. Fig. 23 represents the view seen when 

door 205 is opened from body 206. Sealing is provided between door 205 and body 

206 by compressing gasket 265 into perimeter trough 272 as the door 205 is closed. 

In Fig. 23, panel filter 268 is illustrated as having optional handle 

structure to assist in removing panel filter 268 from trough 272 in body 206. In the 

20 particular example illustrated, handle structure includes a pair of handles or pull tabs 

278, 279. Pull tabs 278, 279 are attached to screen 271 and may pivot between a 

collapsed position adjacent to the screen 271 and an upright position, in extension 

from the screen 271. Pull tabs 278, 279 are preferably constructed of a non-metallic 

material, such that they are incineratable. One useful material is plastic, such as 

25 glass-filled nylon. 

In other embodiments, panel fiher 268 does not include handle 

structure. The panel filter 268 is removable from the body 206 by grasping the 

perimeter gasket 265, or screen 271, or a combination of the two. 

In an alternate embodiment, gasket 265 may comprise a foamed 

30 silicone. Foamed silicone may be useful, in circumstances where internal 

temperatures are high, such as over 210°F. 

iPreferably panel filter 268 is sized and configured so that longitudinal 

pleats 274 ofmedia270 extend vertically, i.e., between top wall 215 and bottom 
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wall 216, when coalescer filter construction 200 is mounted for use. Advantages 

which are derived from.this concern liquid flow, as descnl>ed below. 

One material useful for media 270 is a synthetic glass fiber filter 

medium, which is coated and corrugated to enhance performance in ambient air-oil 

5 mist conditions. The synthetic glass fiber· filter media may be coated with a low 

surface energy mateJial; .such as an aliphatic fluorocarbon material, ·available from 

3M· of St. Paul, Miiµiesota. Prior to coating and corrugating, the media has a weight 

of at least 80 poun~ 3000 sq. ft; no greater than about 88 pounds/3000 sq. ft; 

typically in a range from about 80-88 pounds/3000 square feet (136.8 :1: 6.5 grams . 

10 per square meter). The media bas a thickness of 0.027 :I: 0.004 inches (0.69 :I: 0.10. 

millimeters); a pore size of about 41-53 microns; a resin content of about 21-27%; a 

burst strength, wet off the machine of 13-23 psi (124 :I: 34 kPa); a burst strength wet 

after 5 minutes at 300°F of37 :I: 12 psi (255:1: 83 kPa); a burst strength ratio of about 

0.30-0.60; and a p=:meability. of 33 :1: 6 feet per minute (10.1 :I: 1.8 meters per 

15 minute). After corrugating and coating, the media has the following properties: .. 

corrugation depth of about 0.023-0.027 inches (0.58-0.69-mUlimeters); a wet ~ile 

strength of about 6-10 pounds per inch (3.6:1: 0.91 kilograms per inch); and adry 

burst strength after corrugating of no less than 30 psi (207 kPa). The pleat depth is 

arranged to be at least 2 incheS; no greater than about 2.5 incheS; and typically about 

20 2.31 inches from tip to the outennost region of the gasket 265. The length between 

the pleat tip and the innermost region of gasket 265 is at least about 1.5 inchCS; no 

greater than about 2 inches, and typically about 1.8 ·inches. When part of an 

arrangement such as coalescer filter construction 200, media 270 has a face velocity 

of at least about 0.1 ft/min, no greater than about 5.0 ft/min, and typically in a range 

25 of about 0.1-5.0 feet per minute. Preferably, there is a face velocity of about 0.4 feet 

per minute. 

Attention is now directed to coalescer filter 233. Coalescer filter 233 

comprises polyester fibrous media 322, oriented in a generally circular 

configuration. Attention is directed to Figs. 25, 29, and 30. Media 322 is held and 

30 encapsulated by a frame or housing construction 378 including first and second, 

mating housings 324, 325. Housing 325 is circumscribed by an outer 0-ring or 

gasket 327. Coalescer filter 233 includes a pair of supports, liners, or screens 320, 
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321. ScreebS 320, 321 are positioned on both the upstream and downstream. side of 

media 322, and help refam a rigid media configuratimi A variety of materials may 

be used for open or porous screens 320, 321, for example perforated metal, expanded 

metal, or ·ilbn-rnetallic materials such as plastic constructions. In general, non ... 

S metallic nlatedals such as plastics, i.e.t glass filled nylon, will preferred, for reasons 

described below. 

0-ring gasket 327 provides a seal between receiver 228 in body 206 

and coalescer tilter 233. Fig. 24 shows coalescer tilter 233 seated within receiver 

228 and housing 311. 0-rii'lg gasket 327 is compressed between and against 

10 coalescer housing 325 and the wall of housing 311 to form a radial seal 

therebetween. In an alternate embodiment, the 0-ring gasket is sealed between and 

against housing 325 and receiver 328. In the embOOiment illustrated; housings 324, 

325 are constructed of a rigid, non-metallic material, such as plastic, for example, 

delrin. 

15 In an alternate embodiment, in place of mating housings 324t 325 is a 

single or unitary, molded housing construction, such as a molded ring around media 

322. In that embodiment, the unitary housing construction or ring is constructed of a 

compressible material, for example, foamed polyurethane, such as the foamed 

polyurethane fanning perimeter gasket 265 of the panel filter 268 and described in 

20 U.S. Patent No. S,669,949 for end cap 3, whichpatentis hereby incorporated by 

reference. The specific polyurethane useful for the molded ring is described in detail 

above, with respect to gasket 265, although the "as molded'' density may vary 

somewhat, in certain embodiments, from the range of 14-22 lbs I ft3
• In this 

alternate embodiment, a module or patch of media 322 with screens 320, 321 on two 

25 sides encasing or encapsulating media 322 is positioned with respect to an 

appropriate mold, such that the polyurethane is molded around the module of media 

322, and screens 320, 321. This results in a compressible housing construction, 

preferably circular in configuration, molded around, holding, and circumscribing the 

combination or mddule of media 322, and screens 320, 321. In this construction, the 

30 molded, fomtted polyurethane ring around~ media 322 is compressible to be 

re.movably moiinted within housing 311 and receiver 228. The ring is then 
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compressed between and against the wall of the receiver 228 and the media 322, to 

form a radial seal therebetween. 

Attention is now directed to Fig. 24. Note that media 322 is a 

circular patch. It is positioned at the lowermost part of coalescer filter 233 and is 

5 oriented to be at a lowermost part of window 330, fonned in body 206. The. 

orientation of media 322 intbis location has advantages. "For example, coalescet 

tilter 322 coalesces liquids, such as oil, from gas streams coming through gas flow 

inlet port 210. Due to the location of media 322 at its lowermost point in window 

· 330, liquid which is coalesced is allowed to run off of media 322 over housing 324, 

10 and into the :funnel shaped bottom wall 216 to the liquid drain 212. In Fig. 25, note 

the smooth shoulders332, 333.ofthe ho:usings 324, 325. This shape helps to drain 

the liquids coalesced within media 322. Also, by comparing Figs. 19 and 24, it is 

readily apparent that media 322 is located outside ofthe direct force of flow· 

traveling through gas flow inlet port 210. By this arrangement, housing 324 acts as 

15 a baffle to shield media 322 from the direct force of gas flow from the inlet port 210. 

Coalescer filter·.233 is shown in the illustrated embodiments as 

circular with an eccentrically disposed circular patch of° media 322. That is, the 

circular patch of media .322 is positioned off-center or non-centered within the 

housing construction 378. However; coalescer filter 233 can be a variety of shapes 

20 and sizes. For example, housing construction 378 need not be circular, but can be 

other configurations. Media 322 .need not be circular, but can be other shapes, such 

as rectangular, extending across the full extent of the diameter of housing 

construction 378. Further, media 322 need not be positioned in its eccentric location 

with respect to housing construction 378. For example, media 322 can be centered 

25 within housings 324, 325. However, the particular arrangement shown in the figures 

is used because it is attractive, eye catching, and distinctive. 

Coalescer filter 233 is shown in top plan view in Fig. 29 •. The 

opposite side of coalescer filter 233 is a mirror-image thereof. 

One type of material useable for media 322 is a polyester, fibrous 

30 media. The material has an average fiber diameter of 1.5 denier (about 12.S micron), 

and a solidity in a free state of at least 0.85%. Typically, the free state solidity is 

less than about 1.05%. Typical free state solidities are within the range of0.8So/o-
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1.05%. It has a weight of:· typically, greater than about 3.1 ounces per square yard. 

Typcaily, it has a ki~t less than 3.8 ounces per squite'~d. Typical weights are 

within the range of3.1-3.8 ounces per square yard (105-129 grams per square 

meter). Typically, the media has a thickness at 0.002 psi compression (tree 

S thickness) of greater than about 0.32 inches. Typically, the media has a thickness at 

0.002 psi compression (free thickness) ofless than about 0.42 inches. Typical free 

thicknesses for the media are in the range of0.32-0.42 inche$(8.1-10.7 millimeters). 

The media has a typical penneability of no less than about 370 feet per minute (113 

meters per minute). 

l 0 In general, coalescer filter construction 200 further includes bypass 

valve construction 285 therein. Bypass valve construction 285 is provided in fluid 

flow communication with volume 230 and interior volume 336 of housing 311 at a 

position upstream from coalescer filter 233. This is provided by duct 287, Figs. 17 

and 26. Duct 287 is provided in fluid flow communication with port 288 positioned 

15 adjacent to volume 230 between coalescer filter 233 and gas flow inlet port 210. 

Bypass valve construction 285 further includes bypass valve receiver 

290, also in fluid flow communication with duct 287, via port 291. Port 291 is 

provided on an upstream side of valve member 293. Valve member 293 comprises a 

flexible diaphragm 294 sealed against seat 295 and held or retained there against by 

20 spring 296 and a cup 297. A plug 338 is received by the receiver 290, and provides 

a back surface for the spring 296 to compress against. Downstream side 298 of 

diaphragm 294 is provided a gas flow bypass outlet 299. A hole 340 is provided 

through the adapter construction 310 (Figs. 17 and 19). The hole 340 is in airllow 

communication with aperture 342 in the receiver 290. Hole 340 vents to 

25 atmosphere, which is in airflow communication with aperture 342. Apertw'e 342 

provides an inlet port into volume 344 behind diaphragm 294. Therefore, the 

pressure of volume 344 is at atmospheric levels. 

In ordinary use, gas flow outlet through bypass outlet 299 is blocked 

by diaphragm 294, under pressure from spring 296. However, should the pressure 

30 within duct 287 exceed a designed limit. diaphragm 294 will be biased away from 

seat 295 sufficiently to allow gas flow directly to bypass outJ,et 299 without passage 

tftr()\ighcoalescer filter 233. Thus, should pressure build up suftieie~y within inlet 
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port 210, for example as a result of restriction due to coalcscer filter 233 and/or 

panel filter 268 becoming sufficiently occluded, bypass valve construction 285 will 

protect engine seals and equipment by allowing a bypass venting through bypass 

outlet299. · 

5 Attention is now directed to Fig. 28. In Pig. 28 is a schematic 

diagram showing one possible application of the coalescer :tilter coristruction 200 :of 

the present invention. Block 350 represents a turbocharged diesel engine. Air is 

taken: to the engme 350 through an air filter 352. Air :tilter or cleaner 352 cleans the 

air taken in from the atmosphere. A turbo 354 d:mws the clean air from the air ::tilter 

10 352 and pushes it into engine 350. While in engine 350, the air undergoes 

compression and combustion by engaging with pistons and fuel. During the 

combustion process, the engine 350 gives off blow-by gases. Filter 200 is in gas 

flow communication with engine 350 and cleans the blow-by gases. Prom filter 200, 

the air is directed through channel 356 and through a pressure valve 358. From 

15 there, the air is again pulled through by the turbo 354 and into the engine 350. 

Regulator valve or pressure valve 358 regulates the· amount of pressure in the engine 

crankcase 350. Pressure valve 358 opens more and more, as the pressure in the 

engine crankcase increases, in order to try to decrease the pressure to an optimal 

level. The pressure' valve 258· closes to a smaller amount when it is desirable to 

20 increase the pressure within the engine. A check valve 360 is provided, such that 

when the pressure exceeds a certain amount in the engine crankcase 350, the check 

valve 360 opens to the atmosphere, to prevent engine dmnage. 

A. Example Operation 

In operation, coalescer filter construction 200 works as follows. 

25 Blow-by gases from an engine crankcase are taken in through gas flow inlet port 

210. The gases pass through coalescer filter 233. Coale$cer filter 233 separates 

liquids, with any entrained solids, from the rest of the gas stream. The liquid flows 

off of the media 322, over the housing 324, along the front side of the back wall 219, 

along the funnel shaped bottom wall 216, and down through the liquid drain 212. 

30 This liquid material often is oil, and may be recycled to the crankcase to be reused. 

The gas stream which is not coalesced by coalescer 233 continues on to the second 

stage ::tilter or panel filter 268. Panel filter 268 removes additional particles and 
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solids from the gas stream. Panel tilter 268 bas Yertical pleats, SU.Ch that particles 

and any tul:ther liquid &>llects or agglomerates on the iiteats and falls or <kains by 

·gravity downwardly toward the drain 212. The gas then exits through gas tl0w 

outlet port 211. From there, the gases may be~ for example. to the turbo of 

S an engine intake system. 

Should either the coalescer filter 233 or the panel filter 268 become 

clogged or occluded, pressure will fill duct 287, which will apply force on 

diaphragm 294: against spring 296. Eventually, the force will move the diaphragm 

away ftom its seat 295 and pennit the gas to flow through bypass outlet 299. 

1 O The coalescer filter and the panel filter 268 are changed' out as 

follows. The door 205 is removed from the body 206 by unscrewing thurnbolts 260, 

261. The door 205 is then pivoted by way of binge tabs 240, 241 and receivers 243, 

244. The view is then as shown in Fig. 23. That is, the downstream side of the 

panel filter 268 is viewable. In one embodiment, the panel filter 268 and coalescer 

1 S filter 233 are separate, independent members. Therefore, the panel filter 268 is 

removed from the body 206 and disposed 0£ This may be done, for exampl~ by 

grasping pull tabs 278, 279 and pulling panel filter 268 from trough 272. The person 

changing the filters then has the view as shown in Fig. 24. That is, the coalescer 

filter 233 is sealed in place within receiver 228 and housing 311. The coalescer 

20 filter 233 is then removed from the receiver 228 and disposed of. A second, new 

coalescer filter is oriented within the housing 311 and receiver 328 as shown in Fig. 

24. A gasket between the coalescer filter and the receiver 228 forms a seal as the 

coalescer filter is properly installed. Next, a second, new panel filter 268 is oriented 

within the perimeter trough 272 of the body 206. This is shown in Fig. 23. The 

25 door 205 is then pivoted on its pivot arrangement between the hinge tabs 240, 241 

and receivers 243, 244 into a closed position (Figs. 17 and 18). The thumbolts 260, 

261 are turned within apertures 253a, 254a and tightened to fonn a·seat with gasket 

member 265 between door 205 and body 206. 

When disposing of the coalescer filter 233 and panel filter 268, 

30 preferably these constructions consist of non-metallic material at least 95% non­

metallic, more preferably at least 98%, and typically 99% or J 00% by weight non­

metallic material. When the screens 271, 320, 321 are constructt:d of non-metallic 
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materials, such as plastic, and each of the coalescer filter 233 and panel filter 268 is 

completely non-metallic, the coalescer filter 233 and panel filter 268 are completely 

incineratable, leaving little residue. This provides·for convenient and clean disposal 

of coalescer filter 233 and panel filter 268, and does not take up land-fill space. 

In an alternate embodiment, the coalescer filter 233 and panel filter 

268 are attached or secured to one another. In this embodiment, removing the .panel 

filter 268 removes the coalescer filter as well. The combination of the panel filter 

268 and coalescer filter 233 is removed from body 206 and disposed of (by, for 

example, incineration).' A second, different combination of panel filter 268 secured 

.1 O to coalescer filter 233 is inserted or placed or installed in body 206, by orienting 

15 

coalescer filter 233 in housing 311 ·and receiver 228, and creating the seal 

therebetween. As this is done, the. panel filter 268 is oriented within perimeter 

trough 272. The door 205 is closed over the.body 206, and tightened against gasket 

member 265. This forms a seal between body 206 and door 205. 

B. A Specific Example 

One specific example for a coalescer filter construction 200 is 

described herein. Of course, a wide variety of arrangements and dimensions are 

included within the scope of the present invention. 

The coalescer filter 200 is useful on a 300 horsepower Caterpillar 

20· 3406B engine. The engine has a piston displacement of at least 14.0 liters,· typically 

14.6 liters with 6 cylinders. It typically takes at least 35 quarts of oil, and typically 

about 40 quarts of oil •. The engine uses a Schwitzer turbo charger. 

The coalescer filter construction 200 is particularly applicable to 

turbo charged, diesel engines having at least 50 horse power. This would include 

25 class 2 trucks up to class 8 trucks, and higher. 

Engines other than turbo charged diesel engines. may have 

applications for the coalescer filter construction 200 of the present invention. For 

example, natural gas engines or gasoline engines can also use the filter construction 

200. In preferred applications, the coalescer filter.construction 200 will be used for 

30 large engines, that is engines of a size class 8 or above. Typical air intake rates for 

engines of class 8 or above are at least 2000 cfin, and are typically 2000-3000 cfm. 

Medium sized engines, that is engines of a class 6-8, may also be used with filter 
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construction 200. Medium sized engines of a class of 6-B have air .intake rates of 

typically at least 1000 cfm_; often, no gre*.r than 2000 cftn. A typical class ~8 

sized engine bas an air intake rate of between 1000-2000 cfm. Smaler engines in 

the range of the class 4-6 also have applications for the filter construction 200. 

5 Typical air intake rates for class 4-6 engines which the filter constructioa 200 may 

·be used are at least 1000 cfin; often, the air intake rates are no greater than 1500 cfin. 
A small sized engine (class 4-6) has air intake rates of typically 1000-1500 cfm. 

One filter construction 200 tested in accordance with the present·· 

invention ran for 600 hours at 87o/o efficiency' by weight of oil. The construction 

10 200 operated for 600 hours until the crankcase pressure increased from 3 inches of 

water to 5 inches of water. That is, there were 2 inches of water to work with. 

It should be understood that the crankcase internal pressure is 

application specific. In certain applications, such as systems where there is not 

much dust or debris in the air, such as in marine systems, the crankcase may have a 

15 negative pressure (that is, about -2 to -3 inches of water). In other applications, such 

as systems where there is an abundant amount of dust or debris in the ambient air, 

such as off-road trucks or city buses, the crankcase has a positive pressure. The 

filter construction 200 is flexible to allow it to operate with either positive crankcase 

pressures, such as those typically found in turbo charged diesel trucks or off-road 

20 vehicles, or negative pressures, such as those found in marine engines. 

It will be understood that a wide variety of specific configurations 

and applications are feasible, using techniques described herein. The following 

dimensions are typical examples. The ranges are preferred because they have been 

satisfactory to perform the job, without resulting in a structure larger or more 

25 expensive than necessary. Although ranges outside of those discussed below are 

contemplated, the following are convenient and typical. 

Door 205 has a width between about 6·9 inches, typically about 7 

inches. It has a length of between about 8· 11 inches, typically about 9.5 inches. 

Door 205 bas a depth of about 2-3 inches, typically about 2.4 inches. The gas flow 

30 outlet port 211 has a diameter of about 1 inch. 

The body 206 has a width of at least 6 inches, no greater than about 9 

inches, typically about 6·9 inches, and typically about 7 inc•. lt bas a length of at 
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least about 8 inches, no greater than about 11 inches, typieaily about 8-11 ~ 

and typically about 9 inches. It has a depth of at least about 2.5 inches, no greater 

than about 4 inches, typically between about 2.5-4 inches, and typically about 3.2 

inches. Drain 212 has a«liameter ofat-least0.5 inches, no greater than about·2 

S inches, typically between about O.S-2 inches, and typically about 1.2 inches. 

Wmdow 330 has a diameter of at least 2.S.inches, no greater than about 3 inche~ 

typically about 2.5-3 inches, and typically about 2.7 inches. 

When assembled together, door 205 and body 206 have a depth of at 

least S inches, no greater than 8 inches, typically between about 5-8 inches,· and 

10 typically about 6.4 inches. 

Panel filter 268 has a length including the gasket 265 of at least about 

8 inches~ no greater than about 11 inches, and typically between about 8-11 inches, 

often about 9 inches. It.has a width of at least 6 inches, no greater than about 8 

inches, and often about 7 inches. ·The pleated filter has at least about 40 pleats, no 

15 greater than about70 pleats, typically about 45-60 pleats, and specifically about 52 

pleats. Each of the pleats has a.pleat depth of at least about· 1.5 inches, no greater 

than about 3 inches, typically within the range of about 2~0-2.5 inches, and often 

about 2.3 inches. The pleat length is at least 7 inches, no greater than 9 inches, 

typically within the range of about 7-8.5 inches, and often about 8.3 inches. The 

20 pleated filter 268 has a perimeter, circumferential area within a range of about at · 

least 3 5· square inches, no greater than about 75 square inches, typically about 40-70 

square inches, and often about 42 square inches. The pleated media 270 has an 

upstream media surface at least about 10 square feet, no greater than about 1 S square 

feet, typically within a range of about 10-15 square feet, and preferably about 12 

25 square feet. 

Coalescer filter 233 includes a housing with a circular outer diameter 

of at least 2 inches, no greater than about 4 inches, typically within a range of 2-4 

inches, and typically about 3 inches. The thickness of the coalescer filter 233 is at 

least about 0.5 inches, no greater than about 1.5 inches, typically within a range of 

30 0.5-1.5 inches, and preferably about 1 inch. The diameter of media 322 is at least 

about 1 inch, no greater than about 2 inches, typically in a range of 1-2 inches, and 

typically about 1.4 inches. The thickness across media 322 is at least about 0.5 

SUBSTITUTE SHEET (RULE 26) 



-----= .. ·"'--

W099/00587 PCT/0898/13170 

31 
inches, no greater than about 0.7 inches, and typically about O.S-0.6 inches thick. 

The media 322 comprises fibers having an average fiber size of about 12.S micron 

and a percent solidity, free state, of no greater than about 1.0S%. The media 322 has 

·an~ exposed surface area of at least 1 sq. in., no greater than about 2.S sq. 

5 in., typically about 1-2 square inches, and typically about l.S square inches. 

10 

The coalescer filter 233 has an upstream media surface area at least 

about 0.4%, no greater than about 1.5%, typically within the range of about 0.5-1 %, 

and typically about 0.8% of the upstream media surface area of the pleated media 

270. 

The adapter construction 310 has a distance between respective 

centers of the filter housing 311 and valve housing 312 of at least about 3 inches, no 

greater than about S inches, typically about 3-S inches, and typically about 4 inches. 

The filter housing 311 has a diameter of about 2-4 inches, typically about 3.1 inches. 

The valve housing 312 has a diameter of about 3-S inches, typically 4.2 inches. The 

15 inlet port 210 bas a diameter of about O.S-1.5 inches, typically about 1 inch. The 

bypass valve outlet port 299 has a diameter of about 1-2 inches, typically 1.4 inches. 

The receiver 290 has a diameter of 4-6 inches, typically about 4. 7 inches. It has an 

overall thickness of0.5-1.5 inches, typically about I.I inches. The spring 296 has a 

diameter of about 0.5-1 inches, typically about 0.8 inches. It bas an axial length in 

20 an uncompressed state of about 0.75-1.25 inches, typically about 1-.1 inches. The 

diaphragm 294 has a diameter of about 4.5-5.25 inches, typically about 4. 7 inches. 

25 

Other embodiments of the invention will be apparent to those skilled 

in the art from consideration of the specification and practice of the invention 

disclosed herein. 
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We claim: 

1. A diesel engine blow-by recovery·system comprising: 

(a) a first stage coalescer filter comprising a nonwoven media of 

fibers; 

(i) said fibrous media having a first upstieam surface. 

area; and· 

(b) a second stage filter element positioned downstream from said 

coalescer filter; 

(i) said second stage filter element comprising a pleated 

· media and having a second upstream surface area; 

(ii) said first upstream surface area of said coalescer filter 

media being no more thaii 25% of said second upstream 

smface area of said media of said second ·stage filter element. 

2. A system according to claim 1. further including: . 

(a) a housing construction defining an interior and having a gas 

flow inlet and a gas flow outlet; 

(i) said first stage coalescer filter and said second stage 

· filter element behig positioned within said housing interior. 

3. A system according to any one of claims 1 and 2 further including: 

(a) a liquid collection arrangement oriented to receive liquid 

collected in said first stage coalescer filter. 

4. A system according to claim 3 including: 

(a) a liquid drain construction in fluid flow communication with 

said liquid collection arrangement; said liquid drain construction 

being constructed and arranged to selectively drain collected liquid 

from said housing construction interior. 

S. A system according to any one of claims 2-4 wherein: 

SUBSTITUTE SHEET (RULE·26) ' lllllll llllll 11111 ""' " llll * C L M S * 



WO 99/00587 PCTIUS98113170 

33 
(a) said secohd stage filter element is constructed and arranged 

. for periodic removal from said housing construction interlort and 

replacement therein. 

6. A system according to any one of claims 1-5 wherein: 

{a) said second stage filter element is a panel filter. 

7. A system according to any one of claims 2-6 wherein: 

(a) said first stage coalescer filter is constructed and arranged for 

periodic removal from said housing construction interior, and 

replacement therein. 

8. · A system according to any one of claims 1-7 wherein: 

(a) said first stage coalescer filter is a physically separate filter 

element from said second stage filter element. 

9. A system according to any one of claims 1-8 wherein: 

1iiiir 
10. 

(a) said coalescer filter comprises a region of aerosol coalescing 

media positioned within a coalescer filter housing having first and 

second opposite sides; 

(i) said coalescer filter housing first side including an 

upstream gas flow inlet opening therein; and, 

(ii) said coalescer filter housing second side including a 

gas flow outlet opening therein. 

A system according to claim 9 wherein: 

(a) said coalescer filter includes an outer periphery having a seal 

member positioned therealong. 

11. A system according to claim 10 wherein: 

'(a) said seal member is an 0-ritlg. 
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12. A system according to claim 10 wherein: 

(a) said seal member comprises a compressible foam ring of 

molded polymer positioned along the outer periphery of the coalescer 

tilter housing and having the region of media embedded therein. 

13. A system according to any one of claims 9-12 wherein: 

(a) said coalescer filter housing has a circular outer periphery; 

(i) said coalescer filter upstream gas flow inlet being 

eccentrically positioned relative to said circular outer 

periphery; and 

. (ii) · said coalescer tilter downstream gas flow outlet being 

eccentrically positioned relative to said circular outer 

periphery. 

14. . A system according to any one of claims 9-13 wherein: 

(a)· said coalescer filter upstream gas flow inlet is circular; and 

(b) said coalescer filter downstream gas flow outlet is circular. 

15. A system according to any one of claims 1-14 wherein: 

(a) said second stage filter comprises a glass fiber filter media. 

16. A system according to claim 1 S wherein: 

(a) said second stage filter comprises a glass fiber filter media at 

least partially coated with an aliphatic fluorocarbon material. 

17. A system according to any one of claims 1-16 wherein: 

(a) said second stage filter comprises pleated media having a 

pleat depth of at least 2 inches. 

18. A system according to any one of claims 1-17 wherein: 

(a) said first stage coalescer filter comprises a fibrous media 

having a free state solidity no more than 1.8%. 
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19. A System according to any one of claims 1-18 Whereili: 

(a) said first stage coalescer tilter comprises a fihrous media 

having an average fiber diameter of no more than 2S microns. 

20. A system according to claim 19 wherein: · 

(a) said first stage coalescer filter comprises a fibrous media 

having an average fiber diameter within the range of 9-25 microns. 

21. A system according to any one of claims 1-20 wherein: 

(a) said first stage coalescer tilter comprises polyester fibers. 

22. A system according to any one of claims 1-21 wherein: 

(a) said first stage coalescer filter is configured to have an 

exposed upstream surface area of no more than about 100/0 of the 

surface area of the second stage filter element. 

23. A system according to claim 22 wherein: 

(a) said first stage coalescer filter is configured to have an 

exposed upstream surface area of no more than about 1.5% of the 

surface area of the media of the second stage filter element. 

24. A system according to any one of claims 1-23 wherein: 

(a) said first stage coalescer filter comprises a fibrous, aerosol 

coalescing media having: 
~~~~~~~~~ 

(i) an upstream exposed surface area of 1-2 sq. in.; and 
This Sheet Has Been Replaced 

11111111 (b) said second stage filter element comprises pleated media 

having at least 45 pleatS and ha\ring: 

(i) a pleat depth of at least 2 inches; 

(ii) a pleat length of at least 7 inches; 

(iii) a perimeter area of at least 40 sq. in.; and 

(iv) an upstream media surface·aretof at least 10 sq. ft. 
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25. A system according to any one of claims 1-24 wherein: 

26. 

(a) said second stage filter element includes a liner on a 

downstream side of said pleated media; 

(i) said liner comprising non-metallic material; 

(b) said first stage coalescer filter inclUdes first aild second· 

screens; 

(i) said first screen covering an upstream portion of said 

coalescer filter media; 

(ii) said second screen covering a downstream portion of 

said coalescer filter media; 

(ih) said first and second screens comprising a non­

metallic material; and 

(c) said first stage coalescer filter and said second stage coalescer 

filter each comprises atleast 99% non"'.metallic material, by weight. 

A system according to any one of claims 1-25 further including: 

(a) a diesel engine system having a blow-by vent; 

·111im1nr 
(i) said.first stage coalescer filter being positioned in gas 

flow communication with said crankcase blow-by vent to 

receive blow-by gases therefrom. 

27. A system according to claim 26 further including: 

(a) an engine air intake system for taking in air to said engine 

system; 

(i) said system including a gas flow arrangement 

constructed and arranged to direct gas flow from said second 

stage filter element to said engine air intake system. 

28. A system according to any one of claims 26 and 27 wherein: 

(a) said engine system comprises a diesel engine of at least SO 

horsepower. 
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29. An aerosol coalescer fdter comprising: 

(a) a region of aerosol coalescing media having a first side and an 

opposite second side; 

(i) said region of aerosol coalescing media comprising a 

region of nanwoven fibrous media.having an average fiber 

diameter of no mete than 25 microns; and, 

(ii) said first side of said region of media having a first 

exposed surface area; and, 

(b) a housing having first and second, opposite, sides and an outer 

periphery; 

(i) said housing first side having a first surface with a gas 

flow opening therein; 

(ii) said region of media being positioned within said 

housing with said first side of said media exposed by said gas 

flow opening in said housing first side; 

(iii) said housing second side having a second surface with 

a gas flow opening therein; 

(iv) said region of media being positioned within said 

housing with said media second side exposed by said gas flow 

opening in said housing second side; and, 

(v) said housing including a seal member positioned along 

said OUtCI' periphery. 

30. A tilter according to claim 29 wherein: This Sheet Has Been Replaced 

(a) said seal member includes an 0-ring. 111111111 
31. A filter according to claim 29 wherein: 

(a) said housing comprises meld~ foamed, polymeric material 

defining said seal member outer periphery and having said media 

potted therein. 
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32. A filter according to anyone of claims 29-31 wherein: 

(a) said housing outer periphery is circQlar; and, 

{b) ~ first and seconcl gas flow openings are eccentrically 

positioned in said housing. 

33. A filter .according to claim 32 wherein: 

(a) ~Bid first and second gas flow openµtgs are circular. 

34. Amethpd of treating diesel engine blow-by gases; the method 

comprising· steps of: 

(a) directing blow-by gases from a diesel engine to an aerosol 

coalescer filter; 

(b) removing at least a portion of an aerosol phase from the gases 

'.with the coalescer filter as a.collected liquid; 

(c) .after said step of removing at least.a portion of an aerosol 

·phase, directing the gases to a pleated media filter; 

( d) . filtering at least a portion of particwates from the gases with 

- ·the pleated media filter; and 

( e) after said step of removing at least a portion of the collected 
B · Replaced 

\\ii\\\ i \\\\\I · aerosol phase, directing the collected liquid to a drain 

construction. 

35. A metµod according to claim 34 including: 

(a) · after said step of filtering particulates, directing the gases into 

an engine air intake system. 

36. A method according to any one of claims 34 and 35 wherein: 

(a) . said step of directing blow-by gases from a diesel engine to a 

coalescer filter includes directing blow-by gases from a ciankcase of 

a diesel engine of at least SO horsepower . 
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37. A method of servicing a diesel engine blow-by recovery system 

haviitg a first aerosol coalescer filter ana a pleated media filter; the 

method including steps of 

(a) accessing an interior of a housing construction body; 

(b) removing at least one of a first pleated media filter and a first 

aerosol coalescer filter located in tlie body from the body;· 

(c) after said step of remoVing. inserting at least one of a 

replacement coalescer filter and a replacement pleated media 

filter into the body; and 

(d) closing access to the inteBor of the hOllSing construction 

body. 

38. A method of servicing according to claim 37 wherein: 

iiiiii 

(a) said step of accessing includes removing a cover member 

from the body; 

(b) said step of closing includes replacing the cover member on 

the body; 

(c) said step of accessing includes breaking a seal between the 

cover member and the first pleated media tilter; and 

(d) said step of closing includes fonning a seal between the cover 

member and the first or second pleated media filter. 

39. A method according to any one of claims 37 and 38 wherein: 

(a) said step of removing at least one of a first pleated media filter 

and a first coalescer filter from the body includes removing 

both a first pleated media filter and a first coalescer tilter; 

(b) said step of inserting at least one of a replacement coalescer 

filter and a replacement pleated media filter into the body 

includes inserting both of a replacement coalescer filter and a 

replacement pleated media filter; and 

( c) after said step of removin& incinerating the fll'st pleated 

media tilter and the first coalescer filter. 
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40. A panel filter element comprising: 

(a)· a panel filter construction having pleated filter media; said 

pleated filter media comprising; 

(i) a glass fiber filter media coated with an aliphatic 

fluorocarbon material; 

(ii) at least 40 pleats; each ofsaid pleats having a pleat 

depth of at least 2 inches; and 

(iii) a perimeter area of at least 35 square inches; 

(b) an outer gasket member comprising a polymeric material; and 

(c) a media screen positioned in covering relation to said pleated 

filter media. 

41. A panel filter element according to claim 40 wherein: 

(a) said pleated filter media ~ at least 45 pleats and includes: 

(i) a pleat length of at least 7 inches; 

(ii) a perimeter area of at least 40 sq. in.; and 

(iii) an upstream media surface area of at least 10 sq. ft. 

(b) said outer gasket member comprises foamed polyurethane; 

(c) · said media screen comprises a non-metallic material; and 

( d) said panel filter element .further includes a handle operatively 

attached thereto. 
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