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TI TLE CONI CAL COALESCI NG FI LTER. BACKGROUND OF THE | NVEENTT ON, +1.59159
Field of the Invention. The present invention relates to the %%E%igflng
art, and specifically to an inproved coalescing filter el enenb ith may
be used in virtually any coal esci ng ¥ 4%%r assenbly. Mre partic e
invention relates to a caaNsRINGdAlsrIat ememtErised in separating liquid
droplets from gases or other |iquids, and having a coni cal mmwmmwmmmLon.
The conical configuration allows for |lower velocity of thmmm se
fluid in the area betweemaddusRowisicie = f acespfrdhe coal escing, gl ement or
elements and the filter assenbly inner wall, thereby reducing the maxi num
dropl et dianeter which may be supported by or reentrained in the primry
phase fl wi;di1dThiss tHd ows ¢ iompre efficient separation of the coal esced

droplets from the primary phase fluid, It also allows _for |ower pressure
drop through The SFESEE g f§THE" ef ehehes. topERer FRALERCeNSt R Pri or Art.
The needah@ seRayiatied1iiguith Cﬁﬁpilgﬁﬁo‘t'é@nba§8§c9ﬁg etiheer! lauindsd s | ong
standing in the art. Conmon liquids found in air and gas streans include

| ube oi | ¥Rid &RY R YSShtBr, VEEFERI 1288y €921R74L8FaEd €T conpl eti on
fluids, glkgeahignd aBre. paheidd oty NotRB! EvbgrPhaSeBl atkR fthe £ or m of
tiny droplets, aor aerosols. The size distribution of the aerosols is
primaril ¢oddserdet on taie elqneneisehsiBnSBPRFRELINIqdildUdEnt ani nant and
the proceseplletemminCydey oF eopeaer 21 gdiahS hhe sukfiage at @mi S

reduced, the size of the aerosol is_reduced accordin?Iy.
configuration. The conical configuration allows for lower

velocity of the primary phase fluid in the area between
the outside surface of the coalescing element or elements
and the filter assembly inner wall, thereby reducing the
maximum droplet diameter which may be supported by or
reentrained in the primary phase fluid. This allows for
more efficient separation of the coalesced droplets from
the primary phase fluid. It also allows for lower

pressure drop through the coalescing filter elements.

Description of the Prior Art.

The need to separate liquid droplets from gases or
other liquids 1is long standing in the art. Common liquids
found in air and gas streams include lube oils, water,
salt water, acids, caustics, hydrocarbons, completion
fluids, glycol and amine. The liquid normally is present
in the form of tiny droplets, or aerosols. The size
distribution of the aerosols is primarily dependent on the
surface tension of the liquid contaminant and the process
from which they are generated. As the surface tension is
reduced, the size of the aerosol is reduced accordingly.

This is because the intermolecular cohesive forces (the
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"This i's because the internol ecul ar cohesive forces (the ... 2 forces which

attract the surface nol ecules of an aerosol ‘inward in order to mnimze
surface area with respect to vol une) %re weaker. It has been found that -
greater than 50% of all oil aerosols by weight are |l ess than 1 mcroneter

in di ametefrce DU, i, thed fa St mhar sﬁ%gegemfo%%b%e otéweaﬁaa@rmlds true
for gl ycols am nes and hydrocarbons. Conventional filtration/separation

eqU|pnenunﬂﬁﬁﬁzﬁﬁsﬁﬁd¢rn§00haﬁhéiée sWrfaceese@ ityarRsRSCkepar at or s,
centrifugal, Qf va{.ﬂee 4dBchani cal ) separators and coarse glass or cellul ose
filters are orﬁ marginally efficient at 1 mcroneter, and renove

virtual ly nond’fofhatsrlebﬁﬁ!@vé@én@ shbtnioEesierethade fdsol f amki pakticles. In

order 10 SO 4 856, DIGRE et o CRUSLNGnGONLAN AU dY Ofh S fdLEnEY

coaIeSC|ng ters ~ nust” be used previous coalescing filters and
coal esci riye et ®nene o$lmhbary§ér\ﬁ/aFﬁ Wenshionise  prhes eiRme velds ofrie

concer ne noq{ eg%&;igur%qlﬁgs aEHngzﬁE-o?: lnl ndrld‘d';H (frpcrfcﬁ,{gglerrent and used

to flow i omout to elt i's advantageous to flow
from out ﬁzol‘qxratfmn/mwraticplereqrpppmeatl §h§h aﬁeﬁ@ht@m%@r@mﬁnw te

advant ag‘%\;froé Hd G Pﬂmoéfn#QmQch fQEPEgEtggé' e%%n%&ﬁfu Q#EI A dé’p' ets a”d

aerosol s rom gases coa escrn t'wo 1 mmi SCI phases
t hese appdmeua’taroma}l)l tsépacabppe &pduseacsal @daissg orelceerﬂelmlsossecured wi t h| n

a pressurfi#égg D9, F SE% gEnaTQQS%%Qld%eﬁ@”Qéi %F%ﬁé@hgll

assenbl y. |nuou as-or Ui d contains dispersed Tiquid
remove v1rtually none of the prevalent sub-micrometer

aerosols and particles. In order to remove these problem-
causing contaminants, high efficiency coalescing filters
must be used.

All previous coalescing filters and coalescing
elements of the type with which the present invention is
concerned are configured in a tubular or cylindrical
arrangement, and used to flow in to out or, from out to
in. While it is advantageous to flow from out to in for
many filter applications, there is also a definite
advantage for flowing in to oqt for the coalescing of
liquid droplets and aerosols from gases, or the coalescing
of two immiscible liquid phases.

In these applications, it is common to use coalescing
elements secured within a pressure-containing vessel or
housing to form a coalescing filter assembly. The
continuous phase gas or liquid contains dispersed liquid
aerosol droplets, sometimes referred to as the
discontinuous phase. The mixture enters the assembly
through an inlet connection and then flows to the inside

of the coalescing element. As the fluid flows through the



“aerosol droplets, sonetines referred to as the discontinuous phase. The
m xture enters the assenbly through an inlet connection and then flows to
the inside of the coalescing elenment. As the fluid flows through the 3 .
filter media of the coal escing el ement3 the liquid droplets cone in
contact w.,th the fibers_in the mfgia.and are rempved fromthe fluid

stream WAHST (HEed b, *RReCOrBEFLPE E48MESte ilth 1otHEd dropl et's and

grow t 0 e tascdd 9bn deopt&ts wRthhenhdowiplereamns WHaGredfa tdeg el ement
whi ch are capable of being gravitationally separated from the continuous

phase fl G HFMRE deri¥tt Fiof TtHed FFOFPBrs W Hridhaidre M3 hatPef t he

fluid, sushh@etd lcodiopet$itn athert BeodleRkeafidNgdows &ld |dherge
gravitati onalald%/9 to the bottomof the filter assenbly, countercurrent to
the upwa® 1AW DIETRLeTE PRetBBNSPIYSEF SBRe SHFIFICEt £F e *keRemh t hat

of the fluidh sieh GspHble dsOPbLLAgI Bravatar.ichka 1§ eRiRh& tMd |rFdse to the
top of the assenb| countercurrent to _the downward flow of the water. The

dropl et &% CHUOPIHRUINRES, THPefd viScddie wensidy iuitth@ensity will

det er mi nedupy P i ygrder &l ophgh th8EL bes ol rd188% 1 sddie 4414661 assenbly.
It is advantageous in, designing coal esci_na filter assenblies to try to
maxi ni ze PP TG Taretof the FFoPdeERr High S15dt1ies Sam yEathiana hot

reduci ng tsepHatb O eh fb£i €Al es1kBr QdRnph I eAHGR dheStas: of o t he
housing required for a given flowrate, and'thereby reduce the

manuf act (TPt st1dbvRierirt he Iy thed G itebR fesehtiglePehehEsisf t he

prior artiddgpostsubsi@nstatnbi mtiAg EAchos iy desigpmags fhlter

hOUSIngsw;gg;f“@ﬂgugéégﬁeggn$£gfrggggntgft%gstop of the assembly
countercurrent to the downward flow of the water.

The droplet size, droplet density, f£fluid viscdsity,
and fluid density will determine how rapidly the droplet
settles or rises in the filter assembly. It is
advantageous in designing coalescing filter assemblies to
try to maximize the flow rate of the fluid through the
assembly while not reducing separation efficiencies in
order to reduce the size of the housing required for a
given flow rate, and thereby reduce the manufacturing
costs.

However, the cylindrical coalescing elements of the
prior art impose substantial limiting factors in designing
filter housings. The cylindrical configuration of the
coalescing elements provides a fixed annular space between
the element and the housing wall. Therefore, assuming
substantially even flow distribution across the surface of
the coalescing element, the annular velocity increases

linearly from the bottom to the top of the element.



“coal escing el enents provides a fixed annul ar space between the elenent and

the housing wall. Therefore, assum ng substantially even flow distribution
across the surface of the coal escing gl enment, the annul ar velocity :
increases Jlinearly fromthe bottomto the top of the element. 4 Wth th

cylindrical elwmenttideseghindfiecanndl anexrel aestiynw khebarmhulfzer ent at al |

points alo the axial . le of the, el nt. For exanple, in separating
o1 ™ G oIS ottt T RETORE i FF P OnEGiRES A0 % (AT he

el ement , Janddhet i the despehel S wokl esaimblle ,ddwwaighratfing hei bot t om of
the el enment there would be no flow, so .the annular velocity woul d be zero.
At the tSFEH et TR RNIas al FRBf IBRe “dade S MRUIPHRRE 10T FTHEN@I enent

and be flow no dpwed d. addietpenul ghideheebl ¥ twoulid 1be k1% fwdwerd | ow
di vided by the cross sectional open area (the area between the el enent and
the vessét Wdtg PO 1QF | §he §LeBepEi ferR tieetid Rf DI EIHE eFRnment the

annul ar vl eGidyl aww &l bei P%etilahset abab .f | QW dind desh byr tfige cross
sectional _open area.. Great care nust be taken not, to exceed the annul ar

vel oci ty SHAE Wi 131 L R5eth? BRERTI HRBAL BRVENEXIGA e FFTHer more, the

pressur e aiOpahf ChvIggubpBafd OM rhe aga% 1M efd1rg: itthe waRem esdl 0604 he
element is a function_ of . the inside dianeter of the elenent. The inside

di anet er OToftR | T | Ly 1dpdnkNrt §RPs PSSt SEXE AN ARFRIFTCDF (PR

housi ng, e tddkd@sscod shenvat! agll the &ley@rnt wand thesimizerpf, the
annul ar space. It is, necessar %gt o maintain_sufficiently | ow annul ar

vel oci ti & sb BRUNot 1R ot PReRtHELR OFi diicd ATt SSRRARMEFF er the inside
di amet er Je&Soditg, db@herpd hgoprgssune d@R W dlowesfwiasn abyeanél ow rate.

cross sectional open area. Great care must be taken not
to exceed the annular velocity which will cause
reentrainment of the droplets.

Furthermore, the pressure drop which results from the
gas entering the open end of the element is a function of
the inside diameter of the element. The inside diameter
of cylindrical elements is limited by the diameter of the
housing, the thickness of the wall of the element, and the
size of the annular space. It is necessary to maintain
sufficiently low annular velocities so as not to reentrain
liquid droplets. The smaller the inside diameter is, the
higher the pressure drop will be for a given flow rate.

After mnuch study of the problem of how to reduce the |
annular velocity to prevent reentrainment of the liquid
droplets, a substantially conically shaped coalescing
filter was devised wherein the open area between the wall
of the housing and the filter element increases in the
direction of flow. The annular velocity can be expressed

as V, = Q/A, where Q is the flow and A is the open cross



“After ‘much study of the problemof how to reduce the annular velocity to
prevent reentrainnment of the liquid droplets, a substantially conically
shaped coal escing filter was devised wherein the open area between the
wal | of the housing and the filter el®nment increases in the direction of
flow. The annul ar velocity can be expressed as Va = QAX where Qis the
fl ow and skdtsidrtedl gperr cr 0B Sansbet seral taadaifl ttieamn deetwédmt 1 f t he
area between _the filter element,_and the.housing increase s the flow
er easeans i ien st lRToct o WAy Belmadd dBoPEREEr SConIaAler i1
desired, isvaredsedectisasennee vthkocien nhyabeomiadz teoatescimg filter was
devel ope cohr Of'Eh&E rior art in thgﬁUni te%.St ates Patent and

0

d, a sear
Tr ademar Igcﬁ‘sﬁac?gt WS nade lﬁ%?ér%vﬁrel P " @S new. The onl y patent

| ocat ed whi ch aticse|tasesidexonf cal conakedcicoglelserimat fiid HérS.wdat ent No.
2,823,760, to0 . S. K Anderson eptjitled "Water  Separator. .. Qhe tents
wer e Iocﬁeevoemﬁefcﬁg ?fhsée%%%?c P JB%? REFEINGE tr vy rﬁ.qup%%&cfc%%ge%tudy of
t he Andermsrenthdrel Sepdemd ok "QOf £ hecewanamatieund tdetHeamarss mif athiy in
appearance only. Anderson. deals wth i_nt ai ni ng canstant_pressure. |t
is not an’®§ r{‘%’b‘ o%%o%?%%c@?{ceﬁwd&f’ﬁg?’ggt whd cfr cdé'rﬁcr%ﬁif’gsalacoal escer

whi ch fl e it toealesdithg edl @sentt ¢envr Bl ugaltenftomee and surET UENT

steady flow fate to separate the  coalesced droplets fraogmthe primary phase
Flurd, Ths XoverTRotore Anet Son’ TROGONE SBP-Rakng a FoMcart Y- Ehaped
coal esci ngedd | Tefattad tduclpegy tredsdasehf, obuan werta melty ralidfament pur pose,

a0, 1 Mot oLvesd he OBl ETR AT e ool gRelna di L elest, Whebe
was found to be a similarity in appearance only. Anderson
deals with maintaining a constant pressure. It is not an
in to out coalescer, and in fact is a centrifugal
coalescer which flows out-to-in and relies on centrifugal
force and subsequent steady flow rate to separate the
coalesced droplets from the primary phase fluid. Thus
even though Anderson thought of making a conically shaped
coalescing filter cartridge, he did so for an entirely
different purpose, and did not solve the problems in the

coalescing filter art which Applicant addresses.

SUMMARY OF THE INVENTION

The present invention solves the problem in the prior
art by providing a conical coalescing filter element which
may be used in virtually any coalescing filter assembly,
depending on the application, to separate liquid drops
from gases or other liquids. Such a configuration allows
for lower velocities of the primary phase fluid in the

area between the outside surface of the coalescing
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coni cal

Such a configuration all ows

el enent s aﬂ¥?Y@P?imge¥e§§§éﬁﬁhyehhp@f Vadilel codlerseind r@viedtbdek into
reentrai nmegde 0f i £ hercoglhesced liquid back into the air stream In a
preferred enmbodi nent of the present invention, a conical eIenenF i's _
di sposed in a cobtoh Hrefperedl eabodhoesitng fwitthe ifre s | Bivandi dei ng in

conmuni cat i @h Wdh «ide

i pl \ fil.ter housing for coalescing oi
air. The same coni cal f?*?e?geﬁgﬁéﬁgeﬁaﬁnbg FSEHIh YRR th bRl enent

B or i i i i .- by providing a
'“The present invention solves the problemin the prior art

] c coal escing filter element which may be used in virtually any
coal escing filter assenbly, depending_og the application, to separate
liquid drops from gases or other |iquids.

b1 4 ' i,q, i bet ween t he
| ower vel ocitégened 4he BhbManycRhase flyid in the  area
out si de surface r(])f t he coal eséling \ARN eF'éIll SHIYE ¢ SEERF BEPLACED 6

for

from

[ Wit ihe'Fthwient emslibe ebdt benngorinvidienmaiicaofod hei € ement .
i mgigggifﬁjg§,ofhghglgﬁﬁgggc%%g%i%%o in to.out, and the annul ar
I ele e

In both

vel ocity between the fi

ter ment an

| 1°°80eSHES i Pt erfFemsi ng

will be substfant i8¢ ysebascantcalDépendirng lemddte Rl td Ulddg appl 4cation,

ot her
coni cal

filter i's pointe

t owar

The medi a BEE9™h tde Yide epare] emEnthearlkamevacuumd ofgmyd, pleated or

Sant i | tion
Y ol 8 bR nRPad Bl BRSoff L oPheTaamarshphase 11 ow

wr apped, a@%gggiméﬁy%;mghgogig ﬁ#gggggggeg%ggrPénﬁﬁpresenggéngggion can

be wused to separate |'iquids

ro
annular velocity between the filter element and the wall

of the filter housing will be substantially constant.
Depending on the particular application, other
configurations may be provided so long as the smallest end
of the conical filter is pointed toward the direction of
the primary phase flow. The media used in the filter
element can be vacuum formed, pleated or wrapped, and the
conical coalescing element of the present inventioﬁ can be
used to separate liquids from gas, or one liquid from
another liquid.

Thus, it is an object of the present invention to
provide a coalescing filter element and coalescing filter
assembly which will provide lower annular velocities in
the same size vessel than cylindrical elements of similar
flow ratings.

It is a further object of the present invention to
provide a coalescing filter element and coalescing filter
assembly wherein the annular velocity remains.
substantially constant at all points along the axial

length of the element.
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“anotheér liquid. Thus, it is an object of the present invention to provide
a coalescing filter elenent and coalescing filter assenbly which wll
provi de | ower annular velocities in the sanme size vessel than cylindrical
el enents of simlar flom1ratings. It i’s a further object of the present

[ ti t d filt I t d. ' filt
acsenbly uhor ol LRe satMiIE VDAY Forihar SUBSE aht Vel FyoRonS ant at

al | p0|nt§rab®ﬂg hheoaxe&bldqﬂundmeﬁttéﬁﬁeﬁdﬂmﬁﬁclﬁﬁ fReeH S LEN TH' S
REPLA ED urt.her__object .of th sent_inyention to prov de a
coaIeSC|n@séﬁgﬁéﬁtwgnae&BaF d W%ﬁﬁ(ﬂfiéééiy %ﬁ%?%s?hﬁsaﬁﬁﬁlar
velocity maypwdeernease &S‘rotrrhe:hd |t ianavied StHd otioh hefbﬁhéomﬂlﬁetrhe top of
the filter_ elenent. A still further object of the present invention is to
provi de ae&8§F8§C|ng el enent and coal escing filter assenbly which wll
provi de | ower a@averafh ﬁmmme dirjert toF ot pheseneal encengibhl terto
assenbly. A still furtger abj ect. of the i ven on |s tg frOVIde a neans

f or reducPﬁﬁvépenﬁnFﬁF SRS 1% SiTEr & FEStihgt T BRENt and the
coal esci ngskihbey a&ieﬂblw)ilflOI‘proallg]é/al’bvdeOVb\F@faEIBnﬁr@dégﬁﬁéll’ erdpop.

Furt her oggects an g dvaqtaggs of_.t resent invention will be apparent
from the FBFPBAPNG GeSOALSS '%ﬁ% R4%i ns, reference being made
to the A still further object of the invention is to provide

a means for reducing or minimizing the size of the
coalescing element and the coalescing filter assembly for
a given flow rate and pressure drop.

Further objects and advantages of the present
invention will be apparent from the following description
and appendix claims, reference being made to the
accompanying drawings forming a part of the specification,
wherein like reference characters designate corresponding

parts in the several views.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic view of a prior art
cylindrical coalescing cartridge mounted in a cylindrical
filter housing.

Fig. 2 is a diagrammatic view of the conical
coalescing filter of the present invention mounted in a
cylindrical filter housing.

Fig. 3 is an elevational view, partly in section of a
T-type filter housing showing the conical coalescing
filter of the present invention between end caps in a

cylindrical housing.
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“acconpanyi ng drawi ngs forming a part of the specification, wherein |like
reference characters designate corresponding parts in the several views.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a diagrammtic view of a prior
art . cylindrical coalescing cartridge Mounted in a cylindrical filter

housing. Fig. 2 is a diagrammatic view of the conical 6 coalescing filter of
the present inGéfti 6nifodit sk §HRBEIONAA i WiRY caP2¥ 1Y et N hBBSFAED Bfg2 3 is

an el evat gnak ;Yeew) cRahttl, Y Hiyrsectd i ey, dodydecfid ter1dessi ng show ng
t he conical coalescing filter of the present invention between end caps in
a cylindrical FRBusPngs PHSSSELaREN 19 otalkgmp in Epegdippgtigni 9f5n

el evat i ongl, Vi,@WoRar s dgn ectdan ofn & fad téphec el pognt 4 hi gh ef fici ency,
coalescing filter. Fig. 57s a. sectional view taken in the direction of
the arrows, al &ffgifh&os&d WS Fe I sttt Frige ¥nVveRtignt 6SpB %nder st ood

that the inyeRLEONL S tROtapdii fBdtethd ned tenapplisai&oprt eohberdetabhs of
construction and arrangenment of parts illustrated in the acconpanying
drawﬁngs,a@ﬁn@ér@W§eWﬁWgnﬁﬁm?qﬁﬁﬁx&k&w%ﬁﬁﬂt%ﬁhé? eRPoAFrAERPENYARE of being

practicedsph,GahkL ed 13 ithe VAV WS YRYSs Wi bip1 & her sSgeRperof the clains.
Al'so, it is to be understood that the phraseol ogy and term nol ogy
enpl oyed BEPedATEstEer aide Purkbtd o resEeedt PHNCARBLABL OUSf 1R m tati on

DESCR'PT'ggrgguEHgaegEﬁﬁﬁﬁanEwﬁgrgégﬁgsbf the claims. Also, it 1is

to be understood that the phraseology and terminology
employed herein is for the purpose of description and not

of limitation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

It is advantageous in designing coalescing filter
assemblies to try and maximize the flow rate of the fluids
in the assembly, while not reducing separation
efficiencies, in order to reduce the size of the housing
required for a given flow rate and reduce the
manufacturing cost. In doing so there are three important
considerations:

1) The face velocity across the filter media.

2) The annular velocity of the continuous phase

fluid.

3) The pressure drop across the coalescing filter

assembly.

The effect of face velocity upon filter performance will
be governed by the fact that as face velocity increases,

filter efficiency is reduced. In addition, higher face



"It is advantageous in designing coalescing filter assenblies to try and
maxi mze the flowrate of the fluids in the assenbly, while not reducing
separation efficiencies, in order to reduce the size of the housing
required for a given flowrate and redfice the manufacturing cost. In

doing, so there are three inportant _considerations: QRP he face velocity
across t hee¥eFtetesetital aéfoTﬁéuéﬁn@%ﬁhQRﬂHiﬁ%%PQﬁ P T ARTMDOUS phase

fluid. 3)tHderpressuneddsopnackasmeinte coal escing filter assenbly. The
ef fect of face velocity upon filter performance will_ _be querned by the
fact that as f%&et@%lBéFP?rFﬁérQ£§@§etsfQQPqu§WH?ﬁqe ' In

addi ti on,, higherthacei dtevehaaiiti esne Idatdl & Galisth hirgherngressure drops
across the filter media and el ement. As the dispersed droplets are

captured BY"3¥F@ FRBeRSWNGEFRAR EHE TRCE: S RediBNCHIRN (of £h8 FFREh t hey

nove towsse-d herdemasthaamhsviubaghase & fdingld amfudheckls ageqforeg of the
conti nuous phase flow ng through the nmedia on the droplets. Wen the drag

force exe?@%ddBﬂP%ﬁESdroﬁpép thec dEdY tiRr ForeerviehdiestRd dFoPhetdr opl et

to the fibeteeashendrepbet Wil hdpeGams rgeriHai deshbidt the £heli dipdhe drag
force is a function of the viscosity and velocity of the continuous phase

fluid, anthR®herspietofilhebgropreetreenimginachd® dilte HruidihesTed is a
function @fadheoriat exf aciahctudhacs t@{b’il%é&‘éw%mev@w@i@& ard the

fiber. Another objective in the design of coalescing filters
the continuous phase fluid, and the size of the droplet,
while the force of adhesion is a function of the
interfacial surface tension between the droplet and the
fiber.

Another objective in the design of coalescing filters
is to create as large droplets as possible so as to assure
they settle (or rise) and are not reentrained in the fluid
flow. As the face velocity of the continuous phase liquid
increases, the drag force increases. The increased drag
force is capable of shearing small droplets from the
fibers. After the fluid flows through the coalescing
filter element, it flows between the outer surface of the
element and the inner wall of the vessel. The rate at
which the fluid flows within the annular space between the
element and housing wall is called the annular velocity.
If the annular velocity of the fluid is greater than the
settling velocity of the droplets, the droplet will not
settle and will remain entrained in the fluid.

Further, it 1is advantageous to minimize the pressure
drop across the filter assembly. The pressure drop, or
pressure loss, 1s primarily caused by the restriction of

the flow through the filter media, and the restriction of



“i's to'create as large droplets as possible so as to assure they settle (or
rise) and are not reentrained in the fluid flow. As the face velocity of

t he continuous phase liquid increases, the drag force increases. The
increased drag force is capable of shearing small droplets fromthe
fibers. After the fluid flows through the coalescing filter elenent, it

fl ows betteenfibw Gbrengdburthecemdn tdredl ef ebieat ebadebheasniibe Wallidof t he

vessel. T e \Whi t ui | ows within_t ul.ar _space between
t he eIengﬁFgg%dtﬁ%uéﬁ%j%%m4¥iéﬁﬁméﬁéﬁﬁ¥ﬁé é%ﬂ%l%?gggﬁg§i9y9p I f the
annul ar vehoough thet fe ltlenri cesemgrleaties thanstheof sehéel pngseekecity of the
droplets, .the opl.e il .not . settl nd will remain entrajned_in the
fluid. Fu?fﬁgrgkf s a 5hﬁfﬁﬁﬁgﬁ%é?gfh$%?n$%%i? %l% e%s%?%nkdro hScross

the filteprassembdl grophéhpoeggurharopnart s edsperdénssupos phiemarily
caused by LG LESHTLElion Ol Jhe f 1w tirough Lhe filler mdia, and he

restrictidn o ow t hroug e open en ement as the
fluid enpeesstime dmspdéhafoudhe teementsindiel pressye by deapsetihbgughet he

filter as i he s of, t.he pressure. drop through the.housing and
t he coalegggggxgkéﬁéngf & ﬁﬂ%éinﬁ%?cﬁ%ﬁ}?%r%ﬁﬁﬁe?ﬁégﬁ?eﬁﬁﬂtggg dependent
upon the opendegboli tresdafritdted aredica tanel ithei deirdéacehar ehemé&he. pressure

drop throygh.the housing is largely caused by. the estrictiop of the inlet
and outleaggé Hé@?igﬁg %ﬁ@ﬁﬁ? %b i Ho' 5t $¥g§?¥c?{%%e?% ?hegpﬁside of the
el ement. presdeasi gnvegttbe cameatilctoat ed€s hgnd it | wEl 1 ehes@ntootakbe

pr esent inent'on, %he filter desi qgr w@ll need to take the above facts
into consid&r 8PPER. TRFESa oarc‘-\’}éﬁ(lo F13-h® be expressed as Va = Q AX,

The annular velocity may be expressed as V, = Q/A,,
where Q is the flow rate and A is the annular area between
the filter element and the wall of the filter assembly.

It should be understood that this is an approximate
formula. Designing a filter element wherein the velocity
was exactly constant along the linear length of the filter
would result in a filter having of slightly parabolic
shape. While this is well within the scope of the present
invention, it is not the preferred embodiment.

After the designer has decided all of the above
parameters, the conical coalescing filter elements of the
present invention may be manufactured in similar ways as
the coalescing filters of the prior art. Such coalescing
filters may have one or more support cores, support
layers, end caps and elastomeric seals. The media may be
manufactured into an seamless tube by applying a vacuum to
the inside of a porous mandrel and submersing the mandrel
in a slurry of fibers of various compositions as seen in
U.S. patent No. 4,836,931 to Spearman and U.S. patent No.
4,052,316 to Berger.



“where Qis the flowrate and A is the annular area between the filter

el ement and the wall of the filter assenbly. It should be understood that
this is an approximate formula. Designing a filter element wherein the
velocity was exactly constant along the linear Iength of the filter would
result in a filter having of slightly parabolic shape. Wiile this is well
within the scopgé ofs thespreeepiblenteati she icenisadotf itlirempmeferyed

enbodi ment,, Mgl ey dﬁ%ngf}ﬁéd gsquegl gsgtalske%tc tf%?‘ma%%\éenrt&alre%ﬂat ers,

the conical coalescing filter elements o resent invention may be
manuf act ursey snflsi tanes wmtsn@lsa ceartevakesei ﬁlgkf?-‘l Idearisesf stden pinor art.

Such coal n v ne.o e suppo re support

| ayers, e(r%ljtsi%lcagjsatl'caénr{d"I q{isgﬁﬁ%@?cfggaﬁs E??EEE g g né%t%%t ﬁn%)nuf actured into
an seanl egs 13b&@ &y TppfydmgPaivaceunVt . ph&entisNde 6f, 788 oréduscarandr el
and subnmergyjng the mandrel  in a slurry of fibers of various conpositions
as seen in US. patent No. 4,836,931 to Spearnman and U.S. patent No.

4,052,316 to Bdhgemedig maty@eam@oup@ssubbé tihatf lele sbesitc flofu ldred may be

manuf acturr%qlferdorg‘%ggeqﬁlaaikl d@eglg{. oshset L%ghégchgl kn%q’ﬂo (i\éer al times

around a center co evi ces seen in 802,160 to
Fol tz, U. Smpygoaatedo.with B 759880 tbikdensbei n,ffen: wlsldpaiyentam:b the

3, 708, 965 Lo mlrgn{%ve@eadgg & Ir@]érge magéﬁ_’a%tcu& in fdoast Ossl;leet fé)rm and

rolled several tinmes aroun rcar arel ;o5 npr'egndt ed

resin bi nderdl 020 7&X dro rHefidliayd @nd. t hetemantoel 4r, emsvedaastcseen [ n U. S.
patent Nos.,4,QQ6, 054, and 4,102,785 to Head and U.S. patent No. 4,376,675
to

The filter media may also be pleated. Pleating is
well known in the art.

Advantages of the conical coalescing element can be
best illustrated by comparing it to other conventional
cylindrical coalescing elements. The following examples
compare cylindrical elements of two sizes (2.75" OD x 30"
L and 6" OD x 36" L) with conical coalescing elements
which fit in a filter vessel with the same inside diameter
with the respective cylindrical element. In both

examples, the fluid used is natural gas at 1,000 psig and
60°F.

Example 1

In a given filter vessel diameter, the improved
conical coalescing filter element prov1des lower annular
velocities and lower pressure drops than conventlonal
cylindrical elements. In Example 1, conical elements are
compared with cylindrical elements at the same flow rates

through the comparative elements. The conical element



*Perotta. The filter nmedia may also be pleated. Pleating is well known in
the art. Advantages of the conical coal escing el enent can be best
illustrated by comparing it to other conventional cylindrical coalescing
el ements. The fol |l owi ng exanpl es conphfe cyllndrlcal el enents of two sizes

2.75" OD_x 30" d 6" " wi.th conic coal escin | epent s
G o § i noRs i piip ohey . BERER AThe b Ba e doerarave Ty FRe

respectiveagy! sadekeal aebana@;t then dmﬁ;khraaxmpi;emndﬂﬂfcéi uttensnd k8
nat ur al gas at 1,000 gsugs 60F. Exanpl e ven flltgﬁaveSFel
ni es | ower

di anet er, Cp#E FRpr BYE QP HHh EP?I#% ?g%géﬂgh? pFo

annul ar  ygheckhiestaadelrower, PHRSHEfRE Ofs thanaseuvent yenakitgyl i ndri cal
el enents. In Exanple 1, conical elenments are ared with cylindrical

el enent s %?dtﬁée§§HEefPGWPr§F€§u3ﬂnﬁﬁﬁﬂPR?ﬁe6%%%%%a??@eC%PeﬁﬁﬁpéngThe

coni cal ebprent &2niduNeRlicgrnthash Select pd d9oy ovi de approxi mately
the sanme surface area as the conparable cylindrical elenent so that the
pressure.[drop througn tha firfter meara rs the gane and, thererore, tne
ef fect on| the annul ar vel dcFeypvenhdopréssapridadby ¢omorighlienal opeanibase
end cap dgpening by the conical elenent configurdtion is shown:
Conventi gnal Cgp K b)Cbnventio I5§bn|cal dofn) 2.75.,1.5" 6" ¢4n
OD( base) . 75"op bdseB” Length2307"5.30" 36" % 3 ID(baseg..l. 75" 3" 4w 6"
Length 30" 30" 36" 36"
ID(base) 1.75" 3n 4" en
Vessel ID 4" 4n gn 8"
surface Area 1.80 ft° 1.80ft° 4.71£¢° 4.72ft°
Flow (ACFM) 27.6 27.6 91.5 91.5
Face Vel. (fpm) 15.3 15.3 19.4 19.4
Annular Vel 10 6.13 10 5.83
(fps)
Base IDaP 0.24 0.03 0.1 0.02
(psid)

In both cases, the conical element provides lower annular

velocities than the cylindrical element (6.13 vs. 10 and
5.83 vs. 10) at the same flow rate and face velocity. 1In
addition, the pressure drop through the end cap (Base ID)

is substantially lower (0.03 vs. 0.24 and 0.02 vs. 0.10).
Example 2

A benefit of the improved conical coalescing filter
element design is the ability to flow more gas in a given
diameter filter vessel. 1In Example 2, the length of the
conical element has been increased to provide increased
surface area compared to the referenced cylindrical

element in order to flow more gas through the media at the



“Vessel 1D 4" 4" 8" 8" Surface Area 1.80 ft2 1.80ft2 4.71ft2 4.72ft2

FIl owm( ACFM 27.6 27.6 91.5 91.5 Face Vel .(fpm 15.3 15.3 19.4 19.4 Annul ar
Vel 10 6.13 10 5.83 (fps) Base IDoP 0.24 0.03 0.1 0.02 (psid) In both
cases, the conical elenment provides | ower annular velocities than the
cylindrical elenent (6.13 vs. 10 and 5.83 vs. 10) at the sane flow rate
and face wehecptrgsshime ddaipt i(aelalterl essawe wedpcity pughdt heneadrcap
(Base ID) bstan 'aII | ower (0.03 vs. 0.24 and 0.02 vs. 0.10).
Exanpl e 2V& thg¥|fn 8y'ﬁ§$§ved conical coalescing filter elenent

desi gn i st-he=abidi-ty—to "m“'1ﬁ£=gas=2&=&4¥a&¥==£#aae£ef Hbtervessal .
In Exanplie 2, the |en9th af cbReeneo8ha2! @bﬁﬂ@@i h@én@@ﬁﬂlbﬂ&ieaégqlEQl
provi de ijhcreased surfacg area conpared to the rieferenced cylindrical
el enent i|p order to fIOM/que gas ThArough the medqia at (he 13 sane
pressure drop PP 89 d to jface 2+elcity) arddnnylar velocity in t4e
vessel . Qpnve lconi gal Comventi onal . Goni cql CI&fop) 2.75" B'5" 6
4"  OD(b 6" 8" Le 30" 49" 62" | @se) 1. 75" 63" 4" |6"
Vessel |§4" ?;L ) Surflace Ardg"L. 80 ft22, 93ft2 4.7 f,t2 8. osftzg"
Fl ow( ACF B egir 2137 1 .80 £t? 2.93ft a.71£t° 8.08ft?
Flow(ACFM) 27.6 45 91.5 157
Face Vel. (fpm) 15.3 15.3 19.4 19.4
Annular Vel 10 10 10 10
(fps)
Base IDaP 0.24 0.08 0.1 0.06

In both cases, the conical element provides higher flow
rates than the cylindrical element at the same annular
velocity (45 vs. 27.6 and 157 vs. 91.5). In addition, the
pressure drop through the end (Base ID) is substantially
lower (0.08 psid vs. 0.24 psid and 0.06 psid vs. 0.1
psid).

Referring now to Fig. 1, there is shown a
diagrammatic view of a typical prior art filter
construction wherein a hollow cylindrical filter element
20 is displaced within a cylihdrical housing 21. The
fluid or gas to be filtered is introduced at the inlet 22
and proceeds from the interior of the filter 20 to the
exterior thereof and travels between filter element 20 and
the cylindrical housing 21 until it exits the filter
‘housing. Since the annular velocity V, can be expressed
as the quotient of the flow Q divided by the area A
between the filter element 20 and the filter housing 21,
it can be seen that as the flow increases from 0% at the
bottom of the filter element 20, to 100% at the top of the

filter element, with the area constant, the velocity must



*Face Vel .(fpn) 15.3 15.3 19.4 19.4 Annular Vel 10 10 10 10 (fps) Base |D&P
0.24 0.08 0.1 0.06 In both cases, the conical elenent provides higher flow
rates than the cylindrical element at the sane annular velocity (45 vs.
27.6 and 157 vs. 91.5). In addition, th® pressure drop through the end

(Base ID) is,substantiall | ower (0.08 psid vs .24 psid.and 0.06 psid
vs. 0.1 pQFd}PcrﬁéﬁéPﬂrng%ﬁmﬁ&%?%%iﬁéafgﬁY%Telfsggﬁoﬁgigclgyagrannatic

Vi Iew gf ab%&ff@in%@' tpbl @freart, fiHd efoaXedisdéd uridgeid whesplata, hohiiow
cylindrical filter el enent Js displaced within a cylindriccal housing 21.
The f1 ui 8%6r ngag‘aml&yb«?rﬁ"leﬁg%é‘@ iqso a}ﬁcf o%b%e’%log’f‘"{‘ h8¥i !ﬁFSt fé;teé’nd
proceeds Efefehieiont eriilar vf ddendrdimsd 20ntohéheirexteehor, &mer enfe and

travel s between filter element 20 and the cylindrical housing 21 until it
exits t heSfEfRiEePNCHoYdildg PSS %%fe annul ar vel ocity Va can be expressed

as the quotientnotchitealtoWrQdli Vi datbiby & heiageamfathet weew toife thid ter
el ement 20 and the filter housing 21, it _can be seen_ that a%.the flow

It
i ncr eases CPPAREOYUCLL LERE IS GRIUIT t4e ¢F 1 tRE BFER8AF 28VeR51PH0o% at t he

top of thgouhickkeneherEdanad tintde RegaiggNsLaNt aghlie,velioCidntapist 14
be increasing. As discussed abovgﬂ if the velocit becones .t.oo great, the
coal esced tPFQURE FhSplidtlet if aPEaﬁ%}ﬁaPPVaFPiVeIIF S S t he bot t om

of the fibkehusel eMNtar2d, éddede teentiataedelonbhe aisr asig edimteand the
o he " Hotsing 31 8 Fitrdds £ 87 pebpde 21702 aRAGH0TQE™! e Vi ew
of the d g, PY prop g
annular velocity can be held constant, substantially
constant, or be made to decrease, depending on the
particular parameters chosen by the filter designer.
Referring now to Fig. 3, there is shown a typical T-
type filter assembly 30. The filter assembly has what is
known in the art as a T-shaped head 35 having an inlet 36
including a central opening 37. The filter head also has
an outlet 38 communicating with annular space 39.
Together the inlet 36 and the outlet 38 comprise means for
introducing the fluid to be filtered to the interior of
the filter assembly. A threaded portion 40 is provided on
the lower end of the head 35, to which a retaining ring 41
may be threadably attached. Held by the retaining ring 41
is a filter bowl 42 having a rim 43 which is pressed
against an O-ring 45 mounted in a suitable groove 46 in
the head 35. It can be seen that the combination of the
""head 35, the retaining ring 41 and the O-ring define a
sealed interior space 46. The inlet 36 and the outlet 38

sealingly communicate with the interior space 46.



-~ coni cal coal escing element 25 of the present invention nounted in the sane
filter housing 21. Again, air enters through the inlet 22 and travels
upwardly. This time, because the area between the filter elenment 25 and:
filter housing 21 is increasing, by proper filter design the annular
velocity can be held constant, substamt3ally constant, or be nade to

decr ease, dependlngton t he artlcular paraneters chosen by the filter

desi gner. Refebrfh %BwFﬁBanbngSmeFﬁéré7l§§ﬂﬂi&¥%§%ﬂuﬁ?ﬁﬂrg&leﬁ§ filter

assenbly 8. fhetéilheagagsenbly ikasoMtalidey KtV ithd heeatbagas a
T-shaped head 35 having ‘an inlet 36 including a central opening 37. The

filter hehdtarier heB8ac&n4Butlet 38 communicating with annul ar space 39.

Toget her the il gbn36a8nd;tBerout kabndd s@0MMN SRy PaNswdPrend NEpRAUC Ng the
fluid to be filtered to the interior of the filter assenbly. A _threaded

portion 4% s2prBIPEEASBR >PRe FSwESHEdDY HRFHE BB-Wesh wAnehcar
retainingsii pgidd igB¥nPeatiRbegdakicycldahed-etdl iy hdens ekfl nkAg ring

41 is a filter bow 42 having a rim 43 which is pressed against an Oring
45 nDunteﬁh?naanghFFaﬁPé1@P60§ér§GCPn43tm§Q%%ﬁFQH?bQ%tc%mebée§ééﬁlthat t he

conbi nati @eRinghg7. head 3hist RepRiFIMHNDGS 141k 4ndadk 158, Ochkng define a
seal ed interior space 46. The inlet 36 and the outlet 38 sealingl

communi ca®BNW 2K ERRLIRTcFIBEEa8Rad8 46 PEPV%@QQI%Q#e?¥ﬂ%ﬂh|%§th95%§ 47 is

provided genteal hyaof 3Bheaf1li| E‘%FJIQ%%@; 33 alphdsS mt@aﬂegom@;%est he seal ed
interi or space 46. A coni cal ter elenment 50 having a | ower end 50A and

an upper EpgndoBn Tsty¥pgl fAdtermboNEdddset ween end cap 51 which is
threadably attaghed;topkghaini RGBS AL BNter element 50 has its

ends 50A and 50B substantially closed between a pair of
closure members, in this case annular sealing surface 48
and end cap 51, and is mounted inside a suitable filter
housing having inlet means sealingly communicating with
the interior of said filter, and outlet means
communicating with the atmosphere.

Referring now to Figs. 4 and 5, there is shown a high
efficiency, multiple element, coalescing filter such as
that manufactured by Applicant's assignee, but modified to
accept the conical coalescing, filter element of the
present invention. In this embodiment, the multi-element
filter assembly 60 has a filter housing 61 having an inlet
62 and an outlet 63. Interposed between the inlet 62 and
outlet 63 is a tube sheet 64 having a plurality of

- ~—openings therein - communicating with risers 65 having
integral end cap portions 65A thereon, to which are
mounted a plurality of elongated conical filter elements
67. Depending upon the design considerations as
hereinbefore discussed, the elongated conical filter

elements 67 may be true cones having a rounded apex (not



“the annul ar sealing surface 48 provided about the central opening 37. In
this enbodi nent of the invention, the annular sealing surface 48 is
provided integrally with the filter head 35, and replaces an upper end cap
sonetimes found in T-type filter housings. In this manner, the conical
filter element 50 has its ends 50A ant®50B substantially cl osed between a

pai r of  chosuie MRMEs, i) LU S, a6 NNl AngeabLO0 SHAT 466e48 and end

t
cap 51, and rs’rfmounted i'nside a suitable filter sSing having'inlet neans
seal i ngl yseaimimgi satifages t(67X,hes1B)t aandrsedledi defvéerr thandesltihgt neans

comuni cating_wth e S re._Re ri Fi nd.5 there is
shown a hISBﬁ%agﬁsi g}‘c'g‘n(%a/tf né'r%luﬁo'?ﬁelp eer:i; %%n%?gcgg&eéanéggﬁwﬁ%? g&ch as that
manuf act uheddby nApilaiceanty slessrareemingtroddédied to accept the conica

coal escing, filter el ement qf _the resent inv ion, In_ this_enpbodinent,
Che mil i Jel embAres Frrarraoesis b Tl TGS werr kb SR80 Rg an
inlet 62tardialetutd2etcdil edintiat ppskoawdet seen VReandl ere6Aranchedout | et 63
is a tube_sheet .64 having a pluraljty of, - openings therei.n conmuni,cati ng
With ri seFE‘rgggﬁa&hﬁg\iqw%treéfraﬁ”én%d}'cap{'lb%rfg%ﬁénggﬁ hE&r&on2SF8Sicch are
nount ed aapkucaliliepceld elwaygaimsh cane cads f stteameapdedrainéd. iBependi ng
upon the sign._caonsiderations as._herginbefore discussed, the el gngated
coni cal f?ﬁ?e%pngéﬁ%Wgéq%%'3ﬁﬁytﬁf?wu§h%oﬁ£gwh8gi%éeagFﬁuﬁégﬁagbgﬁg(not 16
shown), othehepalepdiemgaslsrewmtdasi ng Tippeuppad bompr issdabiingdsws aces -
(67A, GYBé ggd s%gked 3@%ﬁgen the s aIing5 surfaces 65A of the risers and
the end c 8 ?ge fug q(fﬁ???ﬂ E%l%y the retaining rod 69.
Thus, by carefully studying the problems present with

conventional coalescing filter elements, I have developed

a novel conical coalescing filter element and various

filter assemblies which can be used in conventional filter

assemblies for improved performance.



*Large contam nants and liquid slugs entering through_ the inlet 62 coll ect
inalower sunp 72 and are drained through the lower drain 73. The
remaining liquid aerosols are coal esced away fromthe, gas stream and
drained into the upper sunp 70 away f#émthe flow of the gas stream by
the coal escing el enents 67. The upper sunp is drained as needed through
the upper drain 71.  Thus, by carefully studying the problens present with
conventi opalcr@@aa.escing filter elements, | have devel oped a novel conical
coalescing filter elenent and various. filter assenblies which can be used
in conventionall-fi| fePorai¥enbt CRF rolenent cvEdopRE FRL nEReRS PTMEedo Al M
1. A poroys frialrid‘%{ml?l YN Qft &P Tl s Shawers opneen ef otanderiy tord ent at ed
glass fibers which flows fromthe inside to the outside. 2. The filter
defi ned i ANGigiemt™® il MWEAIPF an upper annul ar sealing surface and a

| ower annul ar sealing surface. 3. The filter defined in claim2, and
further including: a) at |east_one |layer of a suitable thin sheet

material w apped ar died SeitepAvtisned | torcipdfeht , andndaNdi¥g 3 inti mate

contact theyRW tdhnthardNeediidersedefifedana gl abties, a%gllfatfrtégarli_ﬂgrcl udi ng
a seanl ess outer support structure of sufficient rigidity toradially
support s&YFidst®us filter tube and said suitable thin sheet material and
having an inside diameter slightly snmaller than the outside di aneter of

the conbination of the porous filter tube and said outer |ayer
3. The filter defined in claim 2, and further

including:
a) at least one layer of a suitable thin sheet
material wrapped around said porous filter element,

and being in intimate contact therewith.

4. The filter defined in claim 3, and further
including a seamless outer support structure of sufficient
rigidity to radially support said porous filter tube and
said suitable thin sheet material and having an inside
diameter slightly smaller than the outside diameter of the
combination of the porous filter tube and said outer layer
of sheet material and completely surrounding said

combination.

THIS SHEFT HAS BEEN
REPLACED




“of shéet material and conpl etely surr_our'i-di ng said conbination. TH S SHEET
H -'%S BEEN REPLACED 18 5. A filter including, in conbination: a) a
seanl ess i nner support structure of an conical configuration, b) an inner
| ayer of suitable sheet mMdfterial wapped around said tubular support
S§ruUctaIre; a. Qys filter element formed of randomly orientated gl ass
fibers and g%lrnéggéué APeaftsiFP@1Inag)iont: | east one outer |ayer of a

sui tabtk thanssaebessataneal swppbped sakaut sai ¢ £ iJjer tube and being in

A £ erewith, e) a seam ess outer support structure of
coni ca c%%ﬁg%élé%?ﬁcr’lnand being of sufficient rigidity to radially support

sai d porousaniinmeert Lbgerand saidapuit ahbe+t mar%egjl%gt ng_teri ?I an;:l Pﬁvi ng
e dianmeter o e

?g |§rgc% id%ﬁg%?&rg%iae%diskhgmlf‘gbggg;-”lo%u%gg‘g?gcggﬁagt3Ire, said inner |ayer of
sai d st t abl eposhest fileeer babmefidi €oPRLQUS ¢f irlatn%romtlg})e, and said outer
s IS e (AaT oo Rap AoRbCa0 Sbank {1 | Ler assembl y
i ncl udiing: &) lexomiond peters1hibiesrehedqit H9Lmeq ;of randonly oriented
Q%%%%‘HJ%%E&&H“LEEB%&@ anoggpggid filter tube and
being in intimate contact therewith,
e) a seamless outer support structure of
conical configuration and being of sufficient
rigidity to radially support said porous filter tube
and said suitable thin sheet material and having an
inside diameter slightly smaller than the outside
diameter of the combination of said inner tubular
support structure, said inner layer of said suitable
sheet_material, said porous filter tube, and said
outer layer of suitable sheet material and completely
surrounding said combination.

[THIS SHEFT HAS BEEN
' REPLACED




“flat annular flat sealing surface and a |ower annular flat sealing
surface, and b) neans for introducing the fluid to be filtered to the
interior of said filter in such a manner that such fluid will flow through
the conical coalescing filter elenentl®fromin to out, wherein said
filter element has its ends substantially closed by a pair of closure
nmenbers, and i &-nouht &d1itei desemkEly tEMdinger housi ng havi ng inl et

‘means seal i ngly cogyuni gatd g it fbcmm nff’lrt‘_é)f &ieﬁé’q‘u@ Ebthes  of A
filter assenbly conprising a conical coalescing filter element as

described in erehdpmdiye caflendiesl Elass AL ihess amd DAKLDGI A§ HBREY for
introducing the .kl Wig 1%Ibef1fae tere0; 4o dherddd e4har a0f o5did ahihiigh- at the

i nside of the innernost fil | ayer in such a manner that such fluid wll
flow through tHéatemgiadiimg I%y‘éfr@%f apdd filter frominside to outside,

and wherein said Cogéca' ne2d 8%l %éfé&@éne& efRat e0@sa kbSpends

substantially closed by a pair of closure menmbers, and nounted i nside a
suitabl e filtefihéesiedg traviigy imieriomapt saddi ﬁgll*y"ercéﬁnﬁhllcélatal ng wth

the interior of 3ald fHdtersudNde QUid & i1 eANSy COAPHALAAENRY Wik hhe
atmosphere. 8. The porous filter element described in“claim1, wherein

said filter el epaAesicdngarfifldeuralenem af¥omt &p tﬁeép‘&,owh&ﬁ'ﬁ!&lnl y ina

flat sheet for Pl %ﬁ.ﬁ REP, Cgpgo 8 ReiR9K U%lfd

el ement descri %]aé §1a| m erglian sa){:% ?terSu B %a ils p eate ?ﬁl‘l ng

t he nanufactubwng gﬁcceggf closure members, and is mounted inside a
suitable filter housing having inlet means sealingly

communicating with the interior of said filter.

7. A filter assembly comprising a conical
coalescing filter element as described in either one of
claims 1, 4 or 5, and including means for introducing the
fluid to be filtered to the interior of said filter at the
inside of the innermost filter layer in such a manner that
such fluid will flow through the remaining layers of said
filter from inside to outside, and wherein said conical
coalescing filter element has. its ends substantially
closed by a pair of closure members, and mounted inside a
suitable filter housing having inlet means sealingly
communicating with the interior of said filter, and outlet

means communicating with the atmosphere.

8. The porous filter element described in claim 1,
wherein said filter element is manufactured from a filter

media originally in 'a flat sheet form.

THIS SHEET HAS BEEN\
REPLACED

e



*10. A nultiple el ement coalescing filter assembly including, in
coenbination: a) a filter housing having an inlet and an outlet, b) a tube
sheet, having a plurality of openingsapnterposed between said inlet and
outlet, «c¢) a plurality of risers sealingly connected to said openings and
sai d tube shee@s andheaicrgpud nt gyt éiémémts&aktﬁgbsariacesaam she upper

ends ther .d u I| of elon d co filtering elenments
nmount ed tH §§| “3 ﬁéisgi% %ﬁ:%ﬁﬂf%ab g%ﬁﬁ? BBF?Pn%gﬁressure axially
to said ehangdaeduedmocarddddsri ng elenents to seal said el ements between
said integral sealing surfaces provided on said risers and said end cap

assenblies, f) a |ower sunp provided i medi ately above said tube sheet, Q)

an upper dralnum]fImumhnxmpmuuexﬁmémtv¢é@1e§@1ﬂgUﬁpetesuapsehblg | ower
sunp prOV|de g elow the inlet of. said filter housing, and i) - a- |ower

drain contBfiEEiNYy it FYR P3OV sunp. 11. A porous coal escing filter

el ement of conical aghape whilded llonss if@nhihengnshdentett hagodnsi de. TH' S
SHEETHASBEEN REPLACED 21 12. The coalescing filter el enent
described in clPHThet:

b) a tube sheet, having a plurality of
cpenings interposed between said inlet and outlet,

c) a plurality of risers sealingly connected
to said openings and said tube sheets and having
integral filter sealing surfaces at the upper ends
thereof,

d) a plurality of elongated conical filtering
elements mounted to said risers,

e) an end cap assembly applying pressure
axially to said elongated conical filtering elements
to seal said elements between said integral sealing
surfaces provided on said risers and said end cap
as;emblies,

f) a lower sump provided immediately above
said tube sheet,

g) an upper drain in fluid communication with
said upper sump,

h) a lower sump provided below the inlet of
said filter housing, and

-~ = ----- ----1) - - a lower drain communicating with said lower

sump.

11. A porous coalescing filter element of conical

shape which flows from the inside to the outside.
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*11, wherein the filter nmedia is made of randomy oricented fibers. 13. The
cqoal escing filter elenent described in claim 11, wherein the elenent is
made from borosilicate glass. 14. The coalescing filter elenment described
in claim1l, wherein the elenent is nmatle fron1po|ypropy|ene 15. The

coal escing filter elenent described. in claim 11, erein the elenent is

made from pol y&f hyl BR®. C28le$RéNgoiidsen ¢ lemeardy Qﬁﬁﬁﬁﬁﬁe%e%%r?béﬁmln

claim 11;; whehetaihhenel enemier met@de fd a0l yesterdodYy dbees@abescing
filter elenent described in claim 11, wherein the elenent is made from

nyl on. 18f1R®EScoal escing filter el ement described in claim 11, wherein
the elenent is made from polytetrafluroethylene. 19. The coal escing filter
el enent described in claim 11, wherein the elenent is made from ceramc.

20. The coal est?ng Thet EPasrefdRf ddd&erbed aMeny descnibedineR eFhaiRe
el ement |51 MegdRefeom eRkl Bhag@ntTHISS mitdETr HAS REEs€11 REPLACED-22. 21. The

coal esci ng filter element described in claim1l, wherein the el enent is
made from steel. 22. The coalescing filter elenent described in claim 11,
wherein the elenent is made from stainless steel. 23. The coalescing filter
el ement described in claim 11, wherein the elenent is nade frominconel.
24. The coal estfng fFPeeFoelerEAnddddditisieEligneai $¢SAU1beReiBi n t he

e: gmr%nnt | s1aBge1 ] oghERReh: AR e“t[fé%qualfé%mefff&ﬁrpswﬁﬁebyﬁ!@%@rl bed in
cl al

15. The coalescing filter element described in claim

11, wherein the element is made from polyethylene.

16. The coalescing filter element described in claim

11, wherein the element is made from polyester.

17. The coalescing filter element described in claim

11, wherein the element is made from nylon.

18. The coalescing filter element described in claim
11, wherein the element is made from

polytetrafluroethylene.

19. The coalescing filter element described in claim

11, wherein the element is made from ceramic.

20. The coalescing filter element described in claim

11, wherein the element is made from cellulose.
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*11, wherein the element is made from copper. 26. The coal escing filter
el.enment described in claim 11, and having a sealing surface on one end.
27. The coalescing filter elenent descyibed in claim 11, and having a .
seal ing surface on both ends. 28. The coal escing filter elenment defined in

claim 27, andy{urtbee BehUdungoRts heas! ARy edl: oyl 1ADLEa kI 1

sheet naterlal around sai'd coni cal porous I'ter el ement and being
inintinmtg, cuheaetmt héﬁe\ﬂltelmenzg lﬁh@%aﬁé@tﬂﬁ'geﬂl ter defined in claim
26, and further including at-least--one |layer of a suitable porous sheet
mat eri al wrapped around said conical porous filter elenent and being in
intimte contaee. th@hewcphlegmh@mxﬁxikﬁnﬂﬁ&ﬁmQﬂﬁe#¢$§r1k@¢ngnlQigém por es

than the { THLQ %HEET £§§§£E . The
coal esci ng flﬁ,grgﬁ er%ntslr?t|él escrl d:J_< ?al m 26, an urther I ncI udi ng an

outer support structure of sufficient rigidity to radially support said

porous filter oslemeat andisdid suidalles: shesloqplesialpnd Bavkag an

i nsi de dlaneter Substantally sane or y sna

out si de diamewberefint h@ecmiiﬁmvam ors dﬂadd!lefp@n'tOUBCOﬂelt er element and said
outer layer of sheet material and conpletely surrounding said combination.
31. The coalescing filter elenent described in claim 27, and further

i ncl udi ng an odter §bpp@pahﬂﬂquanﬁakﬁersﬁﬁémﬁntﬂﬁe$¢gi@¢@ylvoCﬁadmalIy

support Silh_d Qgrgg thlhtg ele{%q{% Igrﬁi goﬁuhggghe sheet material and

havi ng an™ "1 nsi I'ameter s sanme or slightly smaller

25. The coalescing filter element described in claim

11, wherein the element is made from copper.

26. The coalescing filter element described in claim

11, and having a sealing surface on one end.

27. The coalescing filter element described 'in claim

11, and having a sealing surface on both ends.

28. The coalescing filter element defined in claim
27, and further including at least one layer of a suitable
thin sheet material wrapped around said conical porous

filter element and being in intimate contact therewith.

29. The coalescing filter defined in claim 26, and
further including at least one layer of a suitable porous
sheet material wrapped around said conical porous filter
element and being in intimate contact therewith, said
porous sheet material having larger pores than the filter

media.

.L
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“fhan the outside diameter of the conbination of the porous filter elenent
and said outer |ayer of sheet material and conpletely surrounding said
conbi nation. 32. The coalescing filter_element described in claim 28, and
further including an outer support stratture of sufficient rigidity to

radi al |y suppoxt sai.d_por fi.lter...el ement and: said itab t
mat eri al and hgéfng&gﬁ 8?%2%&5189a§éggfgéfgs@ﬁﬁﬁéi?§F§¢E§§é%§ %?ggwightly
smal | er 2bBanahbefoutbede idicAnetiely @nh theaodupdronsofutherpoodéus filter

el ement and_said outer | r, of sheet terial and._c I Ly roundi ng
catd conbrhstrenenTfeodfiRy Grstoflar T Byrkod S FEIBoRRE T kel Ty
filter el epenéntdesandi badd mudltaibhe?$hestd dattdiical | awed udangngnaaut er
support struc

ure.of . sufficient rigidity to radially,su rt sa'g or ous
filter ofBRANF SA™SEEH SHFCLBrS Shdst THR G4o Shd® hAORRLY aftarhsFde
di anet er snhsat anki aulty itke ddameter if giid ycatislh&tiohhafi the eputrsiude
di aneter @f _the conbination of .the porous filter elepent and_said outer
layer of SHEGEERGREPRAr AT SEdMpIMe FTounki FooSx HoCORBRRAErGn. 34. A
coal esci ngohpleeelegl enenbunddhddisagd idomiotdiiwmij on: a) an i nner support
structure of a conical configuration, b) an inner |ayer of suitable sheet
material wapped around said i nner support structure, c) a porous
coal escing filser erheeebafleswtgoffiltandaulemait edéateibédbénscaadmbei ng
of ‘coni cal,shapg: ¢, Tl !SATudTH A Wul &Y Lughofc SUtLARkELN,
sufficient rigidity to radially support said porous filter
element and said suitable sheet material and having an
inside diameter substantially the same or slightly smaller
than the outside diameter of the combination of the porous
filter element and said outer layer of sheet material and

completely surrounding said combination.

32. The coalescing filter element described in claim
28, and further including an outer support structure of
sufficient rigidity to radially support said porous filter
element and said suitable sheet material and having an
inside diameter substantially the same or slightly smaller
than the outside diameter of the combination of the porous
filter element and said outer layer of sheet material and

completely surrounding said combination.
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*sheet materi al wr apped about said filter elenment and being in intimte
cantact therewth, e) an outer support structure of conical configuration
and being of sufficient rigidity to radially support said porous filter.

el ement and said suitable thin sheet #&&terial and having an inside

di aneter substantially the same or_slightly smaller than the outside

di aneter of tRAé-coRBPn&CRd®sHindaiid Jitfitere Raldesppbed stPuEtatB, said
inner | aygs, ofngaird r&ichralilf- 15healg N eshedr §@€>§drﬂoéeyﬁcﬁhkéebfe| ement ,
and said outer layer qof suitable sheet. materi m.and,conpletel¥,surrounding
said conBRA&LFeRDT FREIAHYYS tepRrdiad IREFTYREIFt Fald P8Tous. TALESE escing
filter asgephbWtl BelUdianei )it Sdeporotsridl t graeheteAy Bavi ng an
upper annular flat sealing surface and a |ower annular flat sealing
surface, AR8iBF RAERSLRST SURSGIUCIG ¥ H'S | SRR t OF beligRELY e8™BAACTI 0 t he

interior ghafakfel ichit@idd Skt rBIFhS UeBmbi hd€ionf bei dnwl bribhaw
t hrough the conical coal escing el enment fromin-to-out, wherein said filter

el ement h&3ltprsedrBensusdcarfidid 1IuteHskRYDy af paheebf maresdre Jpehber s,

and i s noUBhglekBIdeuR rHHBRIE Jdid FordiPited ibn having inlet means
sealingly comunicating wwth the interior of said filter, and outlet neans
comuni cating wth |local atnosphere or inside chanber of said filter

filter assenmbl y4CONRric3al@s®ing filter element including, in

combination:

a) an inner support structure of a conical
configuration,

b) an inner layer of suitable sheet material

wrapped around said inner support structure,

c) a porous coalescing filter element formed of
randomly orientated fibers and being of conical shape,

d) at least one outer layer of a suitable thin
sheet material wrapped about said filter element and being
in intimate contact therewith,

e) an outer support structure of conical
configuration and being of sufficient rigidity to radially
support said porous filter element and said suitable thin
sheet material and having an inside diameter substantially
the same or slightly smaller than the outside diameter of
the combination of said inner conical support structure,
said inner layer of said suitable sheet material, said
poréus filEérwéleﬁént, and said outer ié§ér of suitable
sheet material and completely surrounding said

combination.
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pair of closure
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with local atmosphere O ins
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“interposed between said inlet and outlet, c) a plurality of risers
sealingly connected to said openings and said tube sheets and havi ng
integral filter sealing surfaces at t upper ends thereof, d) a plurality
of elongated conical filtering elenents nounted to said risers, e) an end

cap assenbly, appl yi Q0nRi $pYEE ed%hBhkY o1 3Gl rangaledh i) fil ter
el enments to seal said elenents between said integral sealing surfaces

provi ded il udiegri sor SomRdN3&i@nénd cap assenbljes, f) a |ower sunp
provided i mmd%fh el y e@wsrsabqsihgb%ﬁw?@é atsrg Galdednsosh esgetlet | qui ds,

g) a drain-in I d-communi cation With sai np to drain collected

| i qui ds. REPLACED a tube sheet, having a plurality of openings
interposed between said inlet and outlet,.
E) a plurality of elongated conical filtering
elements mounted to said openings, and
d) having inlet means sealingly communicating with
the interior of said filter elements and outlet means

communicating with the local atmosphere.

38. A multiple element coalescing filter assembly
including, in combination:

a) a filter housing having an inlet and an outlet,

b) a tube sheet, having a plurality of openings
interposed between said inlet and outlet,

c) a plurality of risers sealingly connected to
said openings and sald tube sheets and having integral
filter sealing surfaces at the upper ends thereof,

d) a plurality of elongated conical filtering
elements mounted to said risers,

e) an end cap assembly,applying pressure axially to
said elongated conical filter elements to seal said
elements between said integral sealing surfaces provided
on said risers and said end cap assemblies,

f) a lower sump provided immediately above said
tube sheet to collect coalesced liquids,

g) a drain in fluid communication with said sump to

drain collected liquids.
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