TI TLE < > - CONI GAL COALESCI NG FI LTER

BACKGROUND OF THE I NVENTION  Fiel-d of the Invention. The present

i nvention rel the coal escing art, and specifically tgQ ap i gved

coal esci ng fi‘?égésgé&errent which may be used in virtually an§05@§?72'§ 3'ng

filter assenbly. Mre particularly, the invention relates to a.coal escing

filter elenment used in separating liquid droplets from gases or ot her

| i qui ds, and havi ng a coni cal JEBHER RBDICTEAN MIRLEONi cal confi guration

alhl ows f_o(r]I | ower \mﬂia;lﬁ.ﬁx)’erﬁ;fiohreem&égab?éném ftbu%dtérﬁhttil&etgi:@ﬁ bfe_t neen

t he outside syrf. the coa i.n nt or. elements and the filter

assenbly i nne%&jmj%ﬁ%?gt her etr)ng%re u%lélgﬁgynﬁta&irﬁﬁ%cﬁ%pjllet%eﬁi et er whi ch

may be support&sF Fyseemr -ained in the primary phase fluid. This allows

for nore &ffici enausepatid imetobqiiinen®al gonerh1dyORh&IS dsr @BEE&Es pri mary

phase T1uid. die iy W' 2h LINRHREESAL 1ABIPL QUGN the coal esci ng
SC of ‘the Prior Art. he

filter elemezés. . De i ption - i need to separate

li quid dropl SSESFPERIERITEHLr R }RGETONAG] GRMRORSRBRg STUFARAYCEAF the art .

Common | i qui dtvﬁcaa_d on miintaddeDamiist beant dssetdllbed woataihs, water, salt

vater, acldSnaRUSLLGSind WUFALAL PO cHOHP! lde@ls {3 19! 4GRl; gnd am ne.
ormo y droplets

The quuilg nooﬁmllg I's present 1n the f¢ tirn S, Or aerosols.
The size di st GQPPBReTFZehECREF Vs ALECHEL T (ERVEY JFh&REBEYSON the surface
tension of tIvhannglsd avhitesteantimandwhieh pronness dodem whi shidviey are
generat ed. Auridee sdif aGRyrheRsi Ofk ieiLEAUGRH rebbEv Sl 28apbei e aerosol is
reduced accordi ngb}/l. . This is .befause the inter Igc,ul ar cohesjve forces

(t he ring a typical test sess:tﬁﬁ,Etg river channels

2 for pegSMidéI&feattdS@tsﬁutI I&_Qgﬁ&llé ABLE b lQ%eOIfDU'ﬂrlnaQE Shsd AT d| i nor der
to mnimze sy t espect to volune) are weaker, t has
been found t%gljlte Sgg‘é’?éefg%t w{f{h 51 o(?fe'lgg\‘l%.soli naggr%)%%ltzleﬁlygﬁﬁrgaﬂtlyare | ess
than 1 nicroffdPérared divapererrinmudben viidi expeatedrresppnae siomadsons, the
sanme hol ds t whdchowoyld/ &el srodubeie byad dotopdiragafiiens onfag v@sticenal
filtration/separ a%omﬁ&lgaggegga%hogstéﬂysl ?g a%ag%g&? yuge mesh

(1 nmpi ngeggnt ) sggarators, centrjfugal or_vane (nechanical)” séparators and
coarse gfass BPEeMIuItSsE Fionals aifetoiSFachr BhnAUtpuss $imadmt aht 1

m cronet er, ®WEciesiwepecified|timesne Bicdrddnpley dlesners utypiicanaget er

aerosol s andipaltdé! ©SmingNgOh&icdrQ, I GIRYE gehese PIQRk BT s KRS NI

contam nants, hjgh_efficiengy coal esci filters nust _be_ used. Al l
previ ous coalkgglénlqnags f iﬁ%&?s anPC rc&ﬁf”é%@?’né‘ EFERe S SF 8P4 B2 t h whi ch
t he present FAVERAtF girivercemmaledoasantombbdyingl & wegttsdanadr, or
cylindri2al ahihagenmiondagfedisa@dt addd Oyl Batide GiHe QFivéF QRa@HEIt O i N.

VWile it is % . 1.0 o] t. toskn. far many, f.ilter

applicati ons?gt %gég%ﬁ%lig,ﬁég %l"ed\gfelg%i %qe&a%c.}\ian#é“élela%&y’f o%urfgdti n to out for
t he coal esci A§SotT19%FogedPdIp| AUEcaR dreraiyss| hanneh §ase&@rtor t he

coal esci ng ofietegtinpgriostphbt esigradisd yidses fourth Ispethesel a@gki gayi ons, it
i s comon tochEe 0O §2EbN0eL! GIRALE S8 GHLpIa¥tddtiRgatRE SRgLE- cont al ning
vessel o§0h0g5|tr]1a<g}to forma coalescing filter asserrgl y. The conti nuous
phase gas or f‘?qu ¥ contains di spersed |iquid aerosol droplets, sonetines
referred to as thanelirzodmpextant: featere Tife tebikens dsehherapitlieyassenbl y

tlhrough an_ i ngetgtmnl fibegt ia@nfa':H'tdh dtahﬁnridéy\/s. tRid N bBsLEs Ofint Rangoal escing
el ement . ows through the
3 filter rre’élgeo‘f Lgtaﬂlétgg% STEAG eF emnt 1t Fid® 19 B° HAYR°EPE come in
contact wi t h"ifR therdUT ip etRrcisad 2taftar savemdhel ¢idhan meetlod stream
Wthin the nesiceed tdhe dpepiting epab&se® thist bupt her droplets and grow to
energe as |large droplets on the downstream surface of the elenment which are
capabl e of being gravitationally separated fromthe continuous phase fl uid.
If the density of the droplets is greater than that of the fluid, such as
oi |
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droplets in air, the droplets will settle gravitatikonally to tthe bottom of
the filter assenbly, countercurrent to the upward flow of air. |If the
density of wbessneplets is less than that of the fluid, sechussneiss
droplets in water, the droplets will rise to the top of the assenbly
countercurrent to the downward flow of the water. The df opl et si ze,

dropl et density, HJxJek}'eE' bees@x‘a%lati‘eccﬁb%@z&hutkgatd%stﬁé/ ek r&'@éserdf‘ ne how
rapidly the drrerIet settles,or, rises ter asse

in

advant ageoukST e dPERTaRT c 451 RIFRG PPTE éflfg%g‘é%ﬁ" §p?‘61€/3’?y to maX| m ze

the flow r apeeasiseliyethe iithet hwinarylthehedges @sshy . witineeraaton dderci ng

separation ﬂfxié filse@ﬁhesjllt'&ew dﬂhc&pgéﬁéﬁ/ﬁyt Beusds @naf phdie QEUSI ng required

for a g|§/en fl \/}4 g and thereb redujgg :bec rrgnuf %cturl N 9_

However ,> t h& A1 n&Pi VY SS5F &ilS1g UBERHENCECETFR K5 PHr™ ’g’refl i rrpose

subst ant i al Wi ghrilmicngasina dmbaiyatessi giiely JFitkeerishdosengrt ithe cylindri cal

confi gur at | egstOfsyklem CORMRECLEEH Q:lyeﬂceatt_ Stzmlaw gaferacbixed annul ar space

bet ween the ele nt andfthe housi ng \é/a ar Lotr% ggéu ng substantially
réduc jitter in ﬁ S clo

even flow distri 'oh HcroSsCtite Jsurrace o S (R ng ement, the

annul ar ve|b%.ttfsr°pﬁér@al§@§lngneam partiriice sdﬁr&rpﬁsstﬁelqegp of the

el ementl0 centered at the fundamental frequencd of a clWék)l Hdwe beghi ndri cal

el enent_desiguy 0 ¢ e PO YEL S ot DB Chid 188k, Aludleyopolnts @l ong

t he axi al In separa ing ol Il "droplets
froma gas, “RhPFIPIFT (FLEFSH %ﬁasan%wr%yeﬁﬁ?m@tﬁﬁe ghafeREdeand t he

l'i qui d dr opteetreniick| of efhiel elddwnwahdls méarishéhfotdlehrodh tthe el enment there

woul d be n i {d QW c8fpddireani I?Jb\éeEQPff&ie\ﬁQﬂtcﬁré?ﬁcéérotheN the top of the
elenent ases wou] d have, exi.te

he e.ele nd_be flow ng
upwar d. 5The arﬁ‘—iﬁﬁL GEFLYHBUIP bge fd@? oF2Y FFE eo‘? 888 by the cross
sect i onal oﬁ?ﬁmpéﬁeathe! leg taneat inot wEehighnr-erdeefarandicthe vessel wall).
Simlarly, @pla:ammynfeduaebhenénsrmbe of 4 Raoekeskialt he wramshiaionel ocity

woul d be 50950f, “EQE?E 13l il lgvgn(y yided ¢ %gtehfe& 1@ss sectional open area.

G eat care nust en not to. excee annu ar velocity which wll
cause reentrai nfERERSY e ofr Bpslusisg 31tteIF&Ftﬁ‘érrl?HFEer?tff‘e Beessure drop
whi ch 128sul¢ldkr aritdien passeriankiedglodie opdnhengichliheirdledeatais a

function ofvélft%gbné&&i&oq'lag%s%lqgtwe atell%cveasss Higcbpsigp di ameter of
cyllndrlcal d%g% ts.is.limted by the d

t hi ckness PR Et hf WY ntjlthtr?J f‘ﬁeaé? f&gS?ef%eetiﬁﬂg?]ér space. |t
is necessaws mormal iy alependént cient tie |pwlamnwdfathgevekiadees so as not to
rﬁent rain |ddiiﬁrd»ldé@pis%tﬁlaﬂ_$}.e sk k eferddie tbnsdnia i dh sedry déﬁlgl?] he h:j ghe][

t he pressur p r gi r ch study o
the pr (?b%l en?%m%l%3 R/M%soe rlleggﬁ%‘g 0 agﬁ%éﬂy@ Fg%:allestlfgt t(:)he 'rbgeovsgtnt g1rJeent rai nment
of the Iiqli¥t@8pl ets, a subst antially conically shaped coal escing filter
was devi sed whemnei moﬁite tapeefmeanebéés\ﬂfabltehewmlde af m¢tieodhedsi ng and t he

L ;' 2 glro rglsger?éauc'lﬂ Q,Lp hcees@' ﬁé&%l?ék{dl’fé‘@! adée rﬁﬂ:n‘alh.?ér;’ﬁgogb 2 % can
Cross q"‘-ﬂa§ IS af'e °8 rF"B:él §8eﬁ°{]tt‘?§fe ??v%hed}?%a bet ween the

filter 3@ erﬂamleandnd tmrehellS|$tgip|en9fe1ds€e§l&§kt heltf wowid iadscelses, the

annul ar veldxdltrﬁbmaycd)%avadae nté%hbanaf Nreduolifiy ajiitter, thdt desired, even to
decr ease. nexpenSISE npeeége é@é}; cal coalescing filter was

devel oped, 5 LB B ior mrg% I'n the United States Patent and
Trademark O fice was made to determne if this was new. The only patent

| ocat ed which discloses a conical coalescing elenent is U S. Patent No.
2,823,760 to S. K. Anderson entitled "Water Separator". O her patents were
| ocated during the search, but were not relevant. Upon close study of the
Ander son "Water Separator”, there was found to be a simlarity in
appearance only. Anderson deals with naintaining a constant pressure. It
is not an in to out coalescer, and in fact is a centrifugal coal escer
which flows out-to-in and relies on czentrifugal force and



subsequent steady flow rate .to separate the coal esced droplets fromthe
primary phase fluid. Thus even though Anderson thought of making a

coni cal | y shaggds/smed escing filter cartridge, he di'd so fopcppseiorssel v
different purpose, and did not solve the problenms in the coal escing

filter art which Applicant addresses. SUMVARY OF* THE
| NVENTI ON It is an object of the invention, at least in the
preferred enbodi ment, to over%‘Bﬁ@Rng’%d'Bﬁ ANVENTIQY aneliorate at |east one

of the di sadvant agiishoth¢ hioregping kckground in méhéeitt Ssaad éledd | ter
assenbly i nness Wald in{ORrRRY B fYRI Blgtééﬁ%?bﬂ% o2 al pesicoal esced

liquid back intQ the_alr stream n a preferred enmbodi ment of the

present i nverlty O™ 51eghiitae EFEH¥t i s disposed in a common T-type filter
housi ng wisth its $mether ahickciebfigtlen ioventincdsi ba pwdvidehani nl et of the

filter housi ngda0hca8ak&S GcdcPhd tdsRMspbten HIBcRAB LN ddddegr el ement
may be used i housi n rein the flow enters the

nul tiple el.emen wh

bottom or vvit%éa%pérgt}n FFSVE T FESY) Flgb’(ﬂ *BfBbui ments, the flow
proceeds fromin tfeolieregnigot hed aohherapbyedtsciary schieyed theafilter
ge erreg_t and t{ia veg kte&&ctlli% b AL i?xfé@ﬁaﬂﬂ_:{\# |cho@)€f§’:ﬂ%_ %t,?aﬁaaally cgnstant-

pendi ng,on t.he . particul ar _application, other configurations my be
pr ovi dedqgo I%?%%tagof%ey%rné’ﬂ’gg‘%néqng Sibflﬁeougﬁ’ﬁgc‘ﬁlrt irle?'é?e‘i?s poi nt ed
toward the diddderon bdifiuss premediycphbed TUndng T msdcenwssed n t he
filter el enerdett@enbehy atwer foswe dnapteatEdser ovempnedndaiydl dudpaqgconi cal
coal esci ng elgpe t_d.oveptjon . d to s ate liquids
from gas, or oneg?:f)g%?%t%er“%%]%gﬁgt%é% ?Fq%ﬁd.l%%gggg'ﬁﬁuagl p??sicgggzheobj ect of

the present iTWEAPEBFRL FreaBeRee of GohPelSURGeRi F12% el enent and coal esci ng
filter assenbly winch midferpedvénidioent, arhellfarsvedmei-tiesuited he sanme

size vessel thaAngyhtd¥HaGahn el AR Sa 011N Bhaf |1QVebAl] WP one- - |1 1S 2
further obj eql, (%f %h resegt i nvention totgrow de éﬁcga escing filter

el ement and c&areS iﬁbé)f“ialvf PRIEL Qb e vHE e SHSTFR bt ar vel ocity remains
subst anti al | y condpampotheraehbpdinent , aflbed itheraxedictiongnddwfe t he el ement.
-7- Aceridbeg 4 Gedohli pshraeechr&fiding hNYAdrOBut AR € aniSaprovi ded
a filter ?}SS%E%Q ifpg uedi 09\ kE) trans Em . ao(r:loQ(i:é:ea% DOr QUS ( oal esci ng
filter efenent of Ped OF ¥r andont ¥ 8F PERt e dog ase Y FHEME= A *havi ng an
upper flat afiGFkrispu apdarhesenonfaeetnutd aThoRE tranafommerf iat seal i ng
surface; andpreferabh) a balBaNsadifl bntratkiferfgng hewdibubg 1.0 bangfiltered
to the interigog »said i r in such a manner that such fluid will flow
t hrough the caorfieggfé%o!_gﬂdegé%% filter element, fromin to_out, wherein
said filter elengfts iapgtgﬁ’aseﬂ?eeé?%%ﬁ'i & Fhort rigqubyed PEingof

cl osure Renbetyb asdcdrsicpnuatlsstwersai tike RS wirbabferrfdrd hed tHwusicbgahavi ng
inlet nmeans @abhRgl YrHOWHBAE Galddg 6 tiunihe sk eﬂfe@[er%lfﬂa%e hlter.

According to urt spect Qf the invention there is_provi a multiple
el ement coal gggggﬁlcfcﬁ ﬁ@?’gﬁgs i F‘ﬁ‘tarelu&°n§f‘eg?‘?1c€oﬁ’5i ®ion:

wavelength of the test system clock.

In yet another embodiment, a second open-circuited
30 tuning stub is connected between the RF transformer and the
second output. The second open-circuited tuning stub
preferably has an electrical length that is equal to one-
quarter of the wavelength of the test system clock.
Still further objects and advantages will become
35 apparent from a consideration of the ensuing description
and drawings.



a) a filter housing having an inlet and an out l.et; . D) .a tube
sheet, having a plurality of openings interposed between said inlet and

outl et; wo9sB9204 a plurality of risers sealingly conneet@giigrsssai d
openi ngs and said tube sheets and having integral filter sealing surfaces
at the upper ends thereof; d) a plurality of porous elongated
conical coalescing fil i ?’Fﬁ% u d risers wherein, in
use, fluid fl ows from tﬁg'r[#png)l%(ﬁ (%I 690%%%?) ¥ é}ésal d el enents;

- 7a - e) The Weéﬁw%érﬁl&s%rhﬁtfeapwﬂﬁrﬁg%?é%Jﬁée’aﬁ%ﬁ|y to said

el ongat ed coni tlaé ﬁdﬂlbeimmgno&ieedemﬂeﬂodemlp&abﬂ arel eredhsaiidhgeen sai d

i ntegral sea{_,a‘pgngssu La\gﬁzgclpr ovided on said risers and sai d end cap
assenbl |§s a | ower, iﬁbnfcf?% 8\” ded i di ate above said tube
sheet ; g)FIG alnlﬁp?)é?ar(’fr"é K PLREF D ?urc%ﬁ‘ﬁ nwith said upper
sunp; h) a ingwepomabimopa ol ttted. beduntivhemddlat mf said filter

housi ng; and la)ccord@n&@wthdmé @r@gaﬁ@&n@ahtmlwth sai d | ower
sunp. Acc. ect _of theehnventduoghthere is

t
provi ded a porous é?c‘? ﬁodﬁch( ?Je e?ré % AT ¢ &he wherein, in
use, fluid flows fromosihéellrﬁ;ﬁdd@lt’-b Elte lowand de of said conical fil ter
el ement 10 Ferondi B0 1) caksixddrans peCdncthek hanbdriaht odk tdpare is
provi ded a coal esci n% fd:g}er d%Ic%gglj;lt odﬂﬁl udi ng, in conbination: a)
an inner support structure of Conrcal - conf i guration; b) an inner
| ayer of suitable sheet material wapped around sai d i nner support
structure; C) a porous coalescing filter element fornmed of
randomy orientated fibers and being of conical shape, wherein, in use,
fluid flows fromthe inside to the outside of said filter el enent;

d) at | east one outer layer of a suitable thin
- 7b - sheet material wapped about said filter el enent and being in
intimate contact therewth; e) an outer support structure of

conical configuration and being of sufficient rigidity to radially
support said porous filter el enment and said - :



suitable thin sheet nmaterial- and having an inside dianmeter substantially

the sane or slightly smaller than the outside dianeter of the conbination
of said innekyoésAgdggal support structure, said inner |ayer ghrS&izHorss

suitabl e sheet material, said porous filter elenent, and sald out er Iay r
of suitable sheet material and conpletely surrounding said conbination.

According to a sevent h n s provided a
coal escing filter assm%%%ﬁ%(ﬂ% HE ¥§$ﬂ&§f’ %‘MBeéP Fcal porous filter
el ement havi ng anFI@ppkrdspigtsaa Iialratla%elaqum diagfarc @fandstet vy, annul ar

flat sealingwhichat®cortdates jitthy redi®dAlksh meduidtioedygi ng the fluid to

be filtered atcgol—ﬁgnéé'rx& 0L, Of rSe%I d filter.in such a manner that such
fluid will flowt

e Co coal escCi ng filter el ement from
i n-to-out? wherei ARsA WHHCFﬂeFeSteIC@ﬁéhgu%%'sae% sngseeenial ly cl osed
by a pair of devkdeps ecamnbesgrangndni eommw&edormssmlansmj ablmgefilter

DOUSI RO, pavt Rask nhEbIRRN SeAERlin0 e RITUNLEALLOG AN bD, Jddil e of of

said filter, g‘%n outT et _neans onmuni cat | ng sphere or
i nsi de chanbaPSofeSs AWiPepT plso typicaldy GREERY ‘i%m‘éﬁdel‘ﬁfht h aspect of the
i nventi on computer work station 103, includifig eommdneisefos gyartidgd a

mul tipl exel ea:eates@c&l efekngyfid fosaraeﬁﬁerﬂa&&méeéalyd' i pa&l%%nat I on.

a) a filt usi ng havin inl outl e a tube

sheet, havi ngﬁa F3r ﬁq’igﬁ?e‘?)’? q'&ﬁglﬁ %"1 %158 %e?%%nt%% d inlet and

outl et : sysggm clagkp| whidh tig eﬁbeéwegaﬂydpmﬁxm byniosatuenti/l t eri ng

o enent 0 Tt S o o b A & e e O i g

inlet means s geg&éﬂ%@ %angrun?ecsé:t PRG M k‘hes |rr’?fpé‘r¢ia3?yolfn stz;’iedR%l | ter

el enent sTAndPBRE1 et - € e dmem A Eat8My Mt h the | ocal at nosphere.

Accordi ng to anot hertiaapeete@ierdyegbid@itioronot hes @oubsedr@yivded a multiple

el ement coal gg I el y i n conbinatiqn: a)
Ebthd) Lotbe 2222701y WAAIG] WED0sed b GRERIARI BBy e, B)

a filter hou5| aving an in
having a pl uF&f tikf%’femoséﬂ?]ﬁgendu h%'é‘?%§@§uﬁé%%@ﬁd§é?dlq | @highd outl et
c) a pl ur asi ¢qumifed ceevectrakegidneeronnsct eritter sadkwipani ngs and said

tube shezgs ﬁ@@uf@\ﬂ!dﬁgwhﬂi% @llscuéééda 8919&&& el acas. ), the upper ends
t her eof ; ural i orous conical_filtering

el'onga
el ements nount edd’%lbe ta?sﬁ F”i’%’é}efryﬁ}ﬁ%? i iaﬁy nters a command on

computer work station 103 for loading the test programs
into memory 110 included in vector sequencer 105. For
example, during a specified test cycle, processor 109,

25 which is also included in vector sequencer 105,
sequentially reads the test vectors from memory 110, and
then sends data values, timing information, and format
information to channel 106. As shown, channel 106 is but
one of a plurality of channels included in tester 100.

30 Further, tester pin 107, which is also one of a plurality
of tester pins, connects channel 106 to one of the nodes of
device under test (DUT) 108. The number of tester pins is
generally equal to the number of channels in tester 100.

The data values are typically logical values of binary

35 digits 0 and 1, and the format information generally

indicates whether the data values are applied to or



use, fluid flows fromthe inside to the outside of .said .filtering

el enent s; e) an end cap assenbly applying pressure axially

- 7d - to sawsedepngated conical filter el ements to seal pepiugdornetsanent s
bet ween sai d integral seallng surfaces provided on said risers and said
end cap assenblies; a lower sunp provided i medi‘ately above

said tube shegh P a%okﬁfeglncgahséc&dntxgqy¢éis B8, the cimflg @ drainin

fluid com‘runl%gtlonvm sal_d rain co ected_li quids.
BRI EF DESCRM-PFPERGGPTRESRAN NERIicates when, the data, Vgilugs AFfatic view of a
prior art epblbett m:cak:ap‘oafeeiscregatuantat todgee eghteithd wfatby| i ndri cal

filter houskpleified tesEl @i, ISA@céPaaagmﬂaﬁnai elvusoan&b@aésom cal
coalesmglgfllter of the resztlnvgﬁlon lindrical filter
housi ng. cuphry (3o Fséléﬂ’fn TatGronst mﬁaﬁﬁtyd?ﬁ %ﬁU{fn of a
T-type filt&P8housiapgushrumiongpuhedasen prafucsshbrsb¥hd 08f Iinter of the present
i nvention be&gp&ng@r&e £RP X dsit aatg:yl i ndrical housing.

8 Fig. 4 5_886\;“ onal Vi ew, B? éiﬁ'tdr@dsi%ft& 5data a4 | tiple

el enent, high ef T CI enc I'c"'1°‘_’u“‘esf 'S a sectional
view, takenSFPegyRd éFFéctWIE-ﬁhOFStW%FYB%\%aHé{I §EeFehdnsBenedh | i ne 5-5 of
Fig. 4.10 110t iThe echganimdetstwaitpaimplenenby@nin @bftwarwt |limted in

s appl i caplony b9 Jhes et Swﬁ%ch%ﬁ&é:'ﬁtQ UoAUALLAISIRY, OF parts

illustrated accorrpan in raw n Si nce inventign 1s capabl e of

ot her enbodPheREr2aRad o?teé’él ngthr&et Fg%'ﬂ"iﬁd BHF?‘i‘teﬂlaGﬁt’“?"th&Pérl ous ways
wi thin the tkepsxeicteiedataai mben Alestreri 100 sronddbmormmaddy simobigtattleat t he

phr aseol ogyage ﬂtﬁf Etb@oisowaneepJ;M@dpbsé@fl@ls for the pur pose of
descrip limta | PTI CF THE PREFERRED

on and fot of 0
EMBODI S TEEFY ‘éecf\%ﬁ{‘%ﬁe]o&s Fﬁe‘a@cgn??fger@&gff Tng filter
assenbl i es eomRYterandrhestatrien the fveobherr sesuehcehd 06| u¢hknneal t he assenbly,

whil e not redsicidi@ sepesAtdianlef fiepreBehe conpBn&itienhe sefuce the size of
the housingsLefiHd£dn! OTchvlhy Elhdil QUstal e A LSHGRCLIS, Mgnulact uring

cost. In doin ere are ree I mpor consi deratro 1) The
face vel oci 8§ ccffo§§e§ﬁ§°F‘iPPflélPtfir@d'|eatheref°r2)k"f‘?‘@ &ﬁnE]P%Fre vel ocity of the -
conti nuaus ghilkleed in this falrtti. d. It folldys THmtpspssifiie drop across the

coal escing iﬂ\ﬁiéﬁentatlons oS SR Yeompord &t LhE8CH o0 i gV alOehkyY upon
filter performance will be governed gy the fact that as face velocity

i ncreases, PYTIRIT &PYFRYRcy is reduced. In additi on, higher face
9 velocities WHIG.aPsshaywsugsebhdghaliagrantafi endrepydinens of

jitter reduction module 104. Frequency generator 102

25 provides jitter reduction module 104 with the test system
clock on line 113, which is the electrical equivalent of a
transmission line. In the preferred embodiment, line 113
is a coaxial cable having a center signal conductor for
carrying the test system clock, and a grounded outer

30 conductor.:

Open-circuited tuning stub 114 is also preferably a

coaxial cable having a grounded outer conductor and a
center signal conductor, which is coupled to the center
signal conductor of line 113. Open-circuited tuning stub

35 114 preferably has an electrical length that is equal to
one-half of the wavelength, Ac, of the test system clock.



the filter -nedi a-and el enent.. As the dispersed droplets are captured
by the fibers within the filter nedia, the rate at which they nove toward

t he downstreqyggiébace is a function of the drag force of tle gMtd83I0US
phase flow ng through the media on the droplets. Wen the drag force
exerted on the droplet exceeds the force of adhesion of the droplet to the
fi ber, the dropl w.ll bec reentr i ne thef i The.,drag force is
a function of th?w sb:qospfyg%rn(f océ% en(g {}% con%ﬁnglbusqgﬁasegfl uid, and
the size of PRE\TRigITREEed kItiagt ﬁéubdrléehevea%lr%?éﬁtﬁ‘—%lsdﬂffunctl on of the
interfacial swpédated,ensi OI‘I‘IﬁQtWiﬂi@sdtH@lﬁpa&Eﬂcé hendf gheh . Anot her
Qo et t ve LA e RS Qo0 elS0! b el Sud SbANEAR.ES | 27 9
droplets as EOSSI 0 assu rirse) and are not
reentrai med lﬁa’{*'hé-nf PEPEtFF%WthAsr?S’r@cft&(Yé %%tﬁ‘y’lﬁl‘t HEPESARFRIOUS phase
l'iquid increaSekind ha3dand fuming stus addeseed vl ber emsedmdrag force is
capabl e of shearigg ;5B %L?ter x eﬁa éCUEEhﬁ: Qee[) St A4 &l Q-;ﬁg fhyid flows

t hrough the coal esci.ng me etween the outer surface

of the el emeht ‘B tireT eSS VdkFehfin Wé‘evE‘%%t'elsys’Fﬁ’é Flack ¥Etheteh t he
fluid flows silestiamtiiaglunmideningpalterdrebnbenidshefekbasritockndudbuss ng wal |
is calleththgopuyd akvie! 86 (rerkil td& nnui:ﬁ«.fs vel BgeaysethtehsaiA uid is

greater than he ettll vel OCI he dropl ets, the droplet will not
Jetti e and w1 THR reRTRTAemBACIE (RS £F RPFOXIMACE SRLEY FOr | s

advant ageoustkre® ﬁnrmamezeal Ha eguessyirandd hbgherthggmonhes fdfl tthe wssenbly. The

pressure dr Opystdm RHesgUre | oss, is pri marily caused by the restriction of

the fl ow through {he medi a dth restrlctlo

10° the f1ow 1 hr LR CRASERET ahatsroie Erabame SPPRER 6foRfRers the

i nsi de of° t helefEkest tufing Frabsike aeﬁrépftllh?"dﬁ’@hotfh@#qqepéw BREAIy is the
sum of the pesssssgseddasp t hrough the housing and the coal escing el enent.

The pressure drop through;{i¥g el %mt)cbg[m@gwthmon the permeability of
the medi a and the surface area. ressure drop through the housing is

| argel y caus®FHy fends ridg rfPEfiP‘B?P‘@fl fReTreny °§nEIh%LthS t SEBFRect i ons and

t he openi ng ofogkestanicliienid ahiehelénmstidaloletdth elfeaperti-cikkrudesd gni ng t he
coni cal 2al esting stubt €14 eh@reAt i Ofedude pb oDt bAVRIR beBfedhey fil ter

desi gner w II ne d to take tg ove facts into consideration. The
annul ar vel o1 SPREY Ehe $88d¥as V[err] = Q Alerr], where Qis the flow
rate and A is the annul ar éFJééfbeT Vg0t ¢t kif/feltlel ement and the wal | of

the filter assemﬂ&thg} st |gd 1 her gl ehst Q@ghtg hat chbi Sadpu-apsappr oxi mat e

f or mul a. Desi F%g dL(l:Hoer mgldeﬂerio whgr n th%evelé)m fy was exactly

const ant_ al ong the |nearr1en’f1 4t &Y TTter wourd resul t inafilter
havi ng & slightly parabol i cAsﬁéﬁbﬁ(f\?/\ﬁi?@lﬂ*ﬁ)S’ZP]s well within the scope of
t he present Thisenriveanity twiill betréfwrpieteracadhenyath menthe test After the
desi gner hassaciiedodt | oRbutNes e PRLAIRLiCES okl G041 Cal_ coal esci ng

filter elements aof th resent 1 nvention g ufactured_ in simlar
ways as the coal eTs%lfﬁgl ¥§ (25 aH{he FRcofF %‘F?f“guéh TFHCBEBi ng f| lters
may have onesmcﬁﬂ;ngeswpmat agotles  fregppocy. |fayepsroagigscaps and

el ast omeyd ¢ ﬁ&’ﬁeﬁ:tzﬁ@ef eacriray ﬂe peaufact used édﬂoﬁ amaRanl ess tube by
applying a V&QFM tq.t Eh ore r%gggs manqr and %ubrrer sing the
mandrel in a_slurry o ors - of Va I"ous ~conp 05|t ons s 'Seen in U S.
patent No. 4 tremmiengy. t B S’gP@éfPﬁﬁlhe%ﬁ@SEeStl‘ﬁ%ltféﬁHuRBﬂ% 0322386 to Berger.
It is also pts&)ifice ($d) fcheardniccah. f i THiar marayshﬂlartamaizaﬁunurgadnfrom medi a

hQV?CL's;éeighf@ta&q%%ﬁg&eﬂ%%%ﬁ%%@% Fedry &%%égﬁ%%? ni Mo,

4,157, 9 KRG8 Af Wie test sEtemt check 3, PABCoeRYSBORPHI. The
medi a may bewitinffraqteneiks apf:i:@atcmjmet(lfmfa ang/zxid, eds sEMr, abndi NeS
around a cylindrical mandrel, inpregnated with a resin binder to offer
rigidity, and the nmandrel renoved as seen in U S. patent Nos. 4,006, 054,
and 4,102,785 to Head and U. S. patent No. 4,376,675 to Perotta. The
filter nmedia may al so be pleated. Pleatirng is well known in the art.
Advant ages of the conical coal escing el enment can be best illustrated by

conparing it to other conventional cylindrical coal escing elenents. The
fol |l owi ng exanpl es conpare cylindrical elenments of two sizes (2.75" OD X
30" L and 6" OD x 36" L) with conical coalescing elenents which fit in a
filter vessel with the same inside dianmeter with the respective cylindrical
elenment. In both exanples, the fluid used is natural gas at 1,000 psig and
60[err] F.



Example 1 In a given filter vessel dianeter, the inproved conical
coalescing filter elenent provides |ower annular velocities and | ower
pressure dreossisbmwp conventional cylindrical el ements. | npErag®ingrss,
conical elenments are conpared with cylindrical elenents at the sanme flo
rates through the conparative elenents. The conical elenment ~ .

12 di nensigg%nhaﬁgglpﬁflg{y%?hgﬁ%et gl.lptg&/,i qgt t %pgﬁég‘l_g itnhghgarre surface

area as the conpara enent “so [ he pressure drop
t hrough t het*$%9 S¥EtABRITLOGKsFRersi89and, therefore, the effect on the
annul ar vel oci t y¥Isnd3 pslessurnebliodp dibgoam vt Brotpsen eflbedierandfcap openi ng

by the conifalees! ?_ngﬁ'éti%nfnb_@&'i@}lioqn 'ﬁeliﬁl%w@y generator 102 once .
Convent ipnel Gonical Lot orely, O ee s 1oL Ryt Pkme rone 42 °

1.5"
6" sytem clotlerpgt Rine 115. In3ghe preferregpembodiment, 36" 36"
|4D( base) ]hine 118. 78"a é:oaxial Fable havingé"a ?:enter sighal . SB/GfSSEﬂ |i:)

" N " . " rfa re . tlerr

1 807t [ er r1CPIPEFPF o9 CrrTBing S BestyRE REEe CBnd 5, b 6
91.5 grpunged eakay yendugiqy) 15. 3 15. 3 19. 4

19.4 1nnul ar Yele test systéfd clock on Hink3115 is intBoduced at 8n83

(fps) | E&%tok[%gé%jlsngrghcoil of gr'ztg].fansfo o9 03 whf.ch i%‘ %.lso 0.02

(psi d) e coni cal ement provides Tower annul ar
vel oci ti es TR LHkRYT B4r fcianspéatiAn dgnestranstopngnd §188h¢s. 10) at
t he sane f|mefiearedaimibdidnentyeIR¥FCitisnsidimaddild ds, at helyr éssting dr op

through the, dnchrdftseakt) 4 1SUDSEANE! BbiyicuBl D3 vs. 0. 24 and
EXx 2 A benefit of t

0.02 Vilis Orfjx%) anpl e “be he i nproved c¢oni cal

coal esci-ng TISEEY ‘é?]é’%mthﬁe]%?ﬁ'}? LéneHe alfPPi BASEOFPHW F6Fe°gds in a given
di aneter filtledisvelssdn fom mecaimglzénd, thendbahdmiglth of RRe coni cal el enent has
been i ncr eases skre-fEOVII@e | ncreased surface area conpared to the referenced

cylindrical elegent_i rder. 1.0 f re I h medi a at the

ST17 - THE QAgﬁlgeﬁEﬁlilla%‘é]ﬁ-‘E 1 W&y%&é SR et 2 8 por 0US
coal esci ng HaViiper gePwifisst ogte Gerdurtarmpe themredesred andom y orient at ed
gl ass fA0beremboliémenty, dre cogeled ltui RF fdransfbrmem t1he andideotbet he out si de

of said caonjcalk £hd tp%rimsizﬁr%tl-. Lirde 116 186fdfetgb1yield Bgdnin claim 1,
and havi ng an upper _annular SS’%: i,ng surface anqi Iov]\ﬁr annul ar sealing
surface. CSi¥culteqifuming: grubybewing an, elEGHCRL ARRIFRMEREr 19 nel udi ng:

a) at | &Belofe ongrdeléfof e wartiendtbn dnheef thatt&stafysk®pped ar ound
sai d por ousifockt er reh@r@Nt 1 ANd 17DgidiGideR hNEddREPsEONIAGLKt eFew t h. 4.
The 11 Lier defingdiin el gbm g and buther,pacl uding “a seam ess outer
support structure Ot St Pl en I’Ig.Cﬁrfty %o radi ally support_ said porous
filter tube andThai Bests §VERRT Yoknis HgWluchret Bt idalFeafarav cRdl an i nsi de

di ameter <ifi ght byarsdmirner 11N bhe eid sifdehdissrehasryfcdileis

grounded, while the other end of the secondary coil
provides jitter output 120 and is coupled to line 118,

30 which is also preferably a coaxial cable with a grounded
outer conductor. RF transformer 119 electrically isolates
jitter output 120 from line 116, and lines 115 and 117,
which are part of the signal path for the test system
clock. _ _

35 Further, lines 115, 116, 117, and 118 each have a
characteristic impedance, Z0, for the preferred embodiment



conbi nati on- of the porous fidter tube and said outer Iayer of sheet

material and conpletely surrounding said conbination. . Afilter

i ncl udi ng, ation: a) a seanl ess i nner ,é structure
of a coni calalog%n I gur ation; b) an inner |ayer oPIp(g{J PIBY2 sheet
mat eri al - 18 - wapped around said .
tubul ar support structure; O a porous coalescing filter el enent

formed of r&ROWM v THiFemmRIdFigr athe fimpefancs FidepRtp FlRrlcyhpEapns shape
wherein, in tises fdildiot . | Bmweevetontihd anvieat len tdescirhibed exieda 0§ sai d

conical filtg éa%eﬂgeﬁhclude thoseYdmbodi’ ﬁ%n‘:gaﬁ{ v@)@.@hoﬂiﬂs layer of a
suitable thin eet nmateri a wrai){)s out_said ugg’eﬂtube and being in

inti mate contaF¥esRPEAiRp ¥ lines 115,116, L1%eamce V& 2B¥ppor t
st ruct ur &6 of apprpmaltec odtagureat soic amgeldenmg. of sufficient rigidity to

rafll al Ily sugport @ﬁt%rp%é&@tf‘anl ﬁeauiéﬂa%rlaagemso@hsmﬁé@lm taﬂetaﬂ shetet 4
mat eri al an V|n i NSi i ameter sli e outside
di anet er %ﬂ ﬁgl% (ﬁ g°§a‘f’&‘risﬁ'r’réf W&F%;ﬁﬂﬂg gg?r ucttire, said
i nner | ayer mrtlsall@rsunt a&ﬂsedsheeibaﬁatabpval thagaithe pbmrgantel ¢£rart ube, and

sai d outer |eoy&i- dlfrcﬁﬂté@b&xﬁuﬁbegéuﬁmfnl%&baépé’éﬂ1‘&8![@4' etigley 118Urgoundi ng
said co natlp I udi ng: a) a

nPd unct]:. oﬁ f en y %Senbll?!
coni cal ‘porous- coal escPhg ﬁqﬁ F él“éaﬁ% £ % o? random y oriented gl ass
fibers and having an %’&ﬁé’PE"f(Ffbt aﬁr{@Pb‘F°*¥ﬂ(§[“fé€°$FM’g‘6%urface and a | ower
annul ar fl atwis&ad Mg i8Uth&RingaRéntal frequbﬂcy ofrrea@&és&r siBt&pduci ng the
fluid to be H(jﬂ{ ereg %ﬂst{‘e |nte |otrrl als id f| Iotfeil l.éCh ﬁ nner that
such fluid Wl | SWt roucgi fe SCohICAl a’l“%sm n &FEfent, from

into out, wherRisFeraryyss toePRerERt £ hﬁg thes Wé‘?fg%e%q}’ﬁ’st ftiofl |y cl osed

by a pai ¥5 of the test systémsiloeknenbertsllang tigathounted i nside a suitable

filter housing having i, omaﬂs _se?I(z@g;lo)ﬁ[Q@nymW]catl ng wwth the
interior of said filter. | ter_ assenb X%conprl sing a conical

coalescing filteM™ é?lhén%ﬁ?fe&?eéem“}eﬁ‘tan§1%é 8f 12 12ie*E 4 or 5, and
i ncl udi ng nedkscdided nunbducitny - t het filsukdovm thet £hétiempedahocetd® d nteri or

of said filtsiord-iReuifsd d8u8f more specifically line 118, may be
20 expressed as
Z118,sHorT (£) = j{Zo)tan[2nf/fcAc)liis].
Further, line 118 preferably has an electrical length, 1liis,
that is equal to Ac/2. Accordingly,
Z118,sHort (£) = j(zo)tan([(f£/fc)m].

25 The gain at the test system clock output of jitter
reduction module 104 may be expressed as
Ac = (Z0Z116+Z116Z118) / (Z02116+20Z118+22116Z118) .
Also, the gain at jitter output 120 may be expressed
as
30 Ag = (20Z118+21162118) / (202116+7Z0Z118+2Z116Z118) .

Consequently, 2Z16,0eeN(f) approaches successive maxima, and
Z118, saorT(f) approaches null, as the fregquency, f,
approaches respective frequencies fc, 2fc, 3fe, and so on.
Further, 2Zi1s,oren(f) approaches null, and Z1iis, ssort (f)

35 approaches successive maxima, as f approaches respective
frequencies (1/2)fc, (3/2)fc, (5/2)fc, and so on.



the innernost filter layer in such a manner that such flkuid will flow

t hrough the remaining layers of said filter frominside to outside, and
wherei n sai womesseal coalescing filter element has its epdpussrhasisanti ally
closed by a pair of closure nmenbers, and nounted inside a suitable filter
housi ng having inlet neans sealingly conmmunicating with the“interior of

said filter, andmQuilgls Qstﬁ%wng@t e t\gsgh%;t%magmgéphere. 8.

The porous filter el enpent descri claim1, erein sald filter
el enent is PARKGCcAGr etf PPBRPEITFGS Y e Hedi®Y BFFRIGTAFPY in a flat sheet
form 9. frequékird epofaug fEi | 3ifer sh@rmenbndegkidtbedei theel aim 8, wherein

said fil terfmﬂtﬁlpf%ﬁﬁcg%ﬁd‘%ibﬂér-%f@éé W ReePEORESS. 10, A
mul tipl e el epent C al scg\r%%,' }al t.er _assenbl Yopd nrgzlllidla{:_lgr- in %onbl nation:

a) a 1i| TEF-HoFsPRY hdviPRg ah FnPRYTEhERS Y espective
- 20 - frequancigs (W2048ebi et2)da: (5/2)fc, apd so enif wbdek housi ng havi ng
an inl et anﬂoﬁﬁllgubgﬁéticute j:_i.tatb.%r.l Adcériiagifeetinehayy rﬁhs&)a@' grality of
openings in osed _bet n._s | utl et a
plurality o#gér‘?sszlrsgege% ?c%gwﬁaéoﬁerééggédﬂ%&s%{)déeo gﬁf%ﬁsloasﬁd sai d tube
sheets and R&Y¥¥ndli-ntegral filter sealing surfaces at the upper ends

t her eof10 Tid)s als@ ndatisathdty the paiwus gl ovgatadpaoriaml  coal escing
filter:ng CARTEQ! So0RUALEde1D HALY L SBlsbect 1P Relueddidise, fluld T1ows
fromthe insjde to e outside of sajd elenents; . e) . an end cap
asse y ap p e ard- e mi iltering
bl MG pleedfre (364)4Pt 21D S9aPR- e AGEL P YNNI BAILS i |t
el enent s t capmemirsselly elvdieat srdspleneive shaieduent gy &k, sfad.i Afcsur f aces
provi ded onasdigd bhserfRdisgld 61€eeAAPRENLd §Tovides f)y ~alower
sunp provi dselﬁﬁsltm*redlﬁel 1ab1?V% said tu e.shge ‘om the t tg) an upper
drain i flUrE COMBATE & oRT Wit 26580 WFPEF st Bhe test ) a | ower
sunp provi ddsYnre owotke inlet of said filter housing; and i) a
| over drai n.comiiisgali Nhothbh &@icdilmene 1ineMp18 islin opéh-porous
coal esci ng éiédéu%eﬁ' ﬁ&'é?i'}lt ?Euﬁ%’l{v &l aéheall%%_c%?éf!z]%ngkﬂ 3@ sLluid flows
fromthe insi 8 19 RF Sutside of fard conica ilTter elenent. -
: equa O Ac/4 ccordingly, _ _
20 Z118,0peN(f) = -j(Z0)cot{(f/2fc)m]. _
Consequently, Ziis,open(f) is non-zero as f approaches
respective frequencies (1/2)fc, (3/2)fc, (5/2)fc, and so
on. Further, Ziis,oeenN(f) approaches null as the frequency,
£, approaches fc, 3fec, 5fc, 7fc, and so on, which are the
25 fundamental frequency and odd harmonics of the test system
clock.
As a result, line 117 passes a test system clock with
more jitter than the preferred embodiment described above,
which included line 118 having an electrical length, Ac/2,
30 and an impedance, Zii1s,sHorr(f). However, this embodiment
may have advantages of less weight and smaller signal loss
for some lower frequency applications.
Another advantage of jitter reduction module 104 is
that the jitter provided by jitter output 120 can be
35 measured and analyzed by the test engineer. This is

- 10 -~



21 12. The-coal escing:filter elenent described in claim1ll, wherein

the filter nedia is nade of:-randomy oriented fibers, 13. The
coal esci ng fiwbegseéenent described in claimll, wher ei n t hecBhR5%M
made from borosilicate gl ass. 14. The coal esci ng f| I'ter eﬁserrent

described in claim 11, wherein the elenent is nmade from pol ypropyl ene.

15. The coal esci fllter | ement _described in_claim./11l, wherein the

el enent i s mEGE* P%B?‘ﬁ dﬁ?&?hﬁeﬂ’@luatmg EhEs! f\’etlf:(ﬁ’efl EBRiTRP%ilter el ement
descri bed i n syls&em dliocknvprpeided fy diweskilt7.i s made from pol yester.

17. The coal esci nga{ihg %fesekeﬁ@altoﬂéeéﬁbwﬂ&ﬂtnl gledMativenherein the
coal,escCl

el ement is filt el enent

descri bed i Hseq%gfiﬁﬁniritgﬁeyﬁha‘ﬂ?@seﬁné%%t S g‘aﬁ%de Fn%oﬁ?c e{

pol ytetraPl uldaeRylbhe 116, and M@ mmeb%dmrésgnr@d ithedi &fexmmtit descri bed
in fl ai m 11f _e}l/ﬁ&tﬁiéhi hengtrgefdr laghﬂadﬂwl.gf IoRR RET am:l.@‘ht s:.hgnallzo The

coal escin [ r esc ed i i e elenent is
made fromgcelﬁorﬁgbs%grﬁ@teg édct%mn for V%rmoagr a;%i r&i 21. The
coal esci ng filter?AéfeneHitegaaeivoabpainenismef1RF \ii@nsifarnere 1d%nnent i s
made from st ealy. be used Z3r E&lﬁe&ﬁabesptmlf iikbPat RIre BeBesteSiGhiebed in claim

11, wheregpn Yhe el [10).&s e ~23. The
coal escing fil te {@pnent escrl 8 g‘%l%ic% %iég‘%nerel njjfthe el enent is
made from i nEYHBIE . 24. The coal escing filter elenent described in

claim 11, wherei nAlée, dhemembodisnemdef f jiheroreduction mod2be 10Ehe
coal escing fishbgh £l URBErOLRE D6 Fis 0'3%5}111:% JRSERLE h:g'x ehegnent is
e

made from co coal esci ng [ter el enent scrl bed in

Craim 11 anBERgsi HF 2PBERFY Bt FARE O JAEERHd Which Teveprach

coal esci #g fltb?ete%tli aystendebetk bedng re dhaisarldckeghdobayi N a seal i ng
surface on betbtedssar, jltter &%duﬂ‘]ﬁoz@%ﬁcﬁi@' mn frlalyt BE @é@gm%at cdefined in
claim 27, anqhgu&gérbqj @CLH g}gsé 1%rc]>e efrurﬁl suj tabl e thin sheet
mat eri al wrapped. a sai d conl ca por ouspfl? Bhent il %bei ng in
intimte cont*l Etj’ftﬁéﬁ‘re\ﬁﬂ?h might rem??’* imméheorsesnsirageditiask.defined in
claim 26, and furTherefiorel uthe ginvent eaststonedl By arimtea suliyt @ enpor ous
sheet nep@ri abg i.d I s filter elenment and being
inintimte g%ﬁ%%?ﬁé?é%g{% %Zlal %S%é(yr%ﬁscg %%lil mat erial having | arger
pores than the filter nmedia.

- 131 -



-23 - 30. The coal escing fil ter—-el-&n:&nwr? claim26, and
further including an outer support structure of sufficient rigidity to
radi al |y suwpassessei d porous fil taﬁ"m” i d sui peRusyrabest
material and having an inside di mﬂgﬂwﬁl y the same or slightly
smal l er than the outside dianeter of tthel c#nbsnatlon of the*porous fitter
el emrent and sai ter r sheet material and conpl etely surroundi ng
said conbinati gﬂr%%é ?SSCii.aa%%?hggcoal escing filter elenent defined in claim
27, and! f utt HBICOMAELGdE Ry SALERASAE 49 ngs er It iEre TBRUCEPRS | ci ent
rigidity2to radinddulesugporititsatr degineeiion ndduller cepiisihgand sai d sui tabl e
sheet erial hayl .an s L NSy J rl’:’ata.‘}]fr' t i he sane or

sl i ght Ff'/g snmal | e?&?hgne%%%g%%tg&ngzh %argﬁbet?er 0 ltﬁ}éjlga? %%tﬁb?%%%/el%n of the
porous filter el enenCl8f& €/ outer ‘layer of sheet material and

conpl ety surr olimdengusiigl stobndnupdefiote the 82ansmiBséonobirescing filter

el ement defined in claim28, and further including an outer support
structure 85 ufficient, ri %i dity .to radiall g,s%gport said porous filter
el ement and® s&E SHFPRRHE SAEE(CRHPERRG 2 FE i hey iRy A si de di anet er
substantd al | y t hhegaie tdre tshightdtpbsisld eraxhah ¢did.eowish dam di amet er of
the compi nati oyah-thecideaUseiiina@iog! €nent and said outer [|ayer of
sheet material and conpl etely surrounding said 33. The
coalescing filter elenent defined in claim?29, and further including an
outer suppot+ Ter aetomatist tesyfequipment Fisgirgriyed ¢ry gdaim 124 support said
porogs Xilter eherenh t&ﬂﬂdlt:&ﬁiﬁb Stiubahhe asheletecnﬁcani abngyid quayi nﬁ an

i nside dj anet er .suhst ant-i y Lght S t han t he

out si de@di anet ert%oPﬁtgﬁgglfggrkrbflﬁlgaﬁao%%%&{}hé)%pgg%uésééfti e'%eq{el enment and said
out er I4ayer of “¢REEt material and conpl etely surroundi ng said

conbi nati on. 34. A coalescing filter elenent including, in

conbi naty ONf. automatf) testBeqhipiehe SHRPAUGngl 4 Uflee Alak@nbgal
confi guration; n i r}rég%cég er of suitable sheet material

A b .
wr apped “ar ound é“é’fiﬁl?hngehre JApPBY CoSPFUETUFEULS COPILFINGE 3 hor ous
coal esci®ng fil tdR)el anfhestf srapemigision line for inputting a test

4 system clock;

5 (b) an RF transformer having a primary coil and a

6 secondary coil, the first transmission line being
7 coupled to one end of the primary coil;

8 (c) a second transmission line for outputting a test
9 system clock with reduced jitter, coupled to an
10 opposite end of the primary coil;
11 (d) a first tuning stub coupled to the opposite end
12 of the primary coil; and
13 (e} a second tuning stub coupled to the secondary
14 coil. '

1 5. The automatic test eqﬁipment as recited in claim 4,
wherein the RF transformer is a 1:1 balun.

1 6. The automatic test equipment as recited in claim 4,

//
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random y or.ientated fibers and being of conical shape, wherein, in use,

fluid flows fromthe inside to ' said filter elenent,;

d)  at |easfoa@.@uter |ayer lﬂﬂMlllﬂﬁlﬂ#WkW “' n sheet mapetingd; apped

about said filter elenent and beifg 4 n#xntsi et e cont act therewtﬁ;

e) an outer support structure of conical configuration and+being of

sufficient rigidity to radially support said porous filter_elenment and

sai d 2 sui reippihe LAEBE HHRMBE SFURNF RafPRE SN cF%%Fd@tkHi anet er

substanti & |y the amappentcizicqughéd yceameahbeioshan the outside dianeter of

t he conbi nation of said inner conical support structure, said inner |ayer
sheet material, said ment, and said

of said ui t.abl , orous filter, el
outer | aygT of ggﬁet QBF@“%':Hé’eFeﬁ‘éteé?ﬁlgf“egﬁoas (?&%F%‘ge’trﬁl Cgaﬂnoﬁ'ndi ng said

conbi nati @n. 3%herein cuw édrsngruningestas @by elrdtadicay: length  a)
a coni cal 3porous fdguh®r & SERh1RE MHeaRaveRRRtnash WY thkatg ng
surface and a |l ower _apnular flat sealing surface; and ) nmeans

for introducing t §&°FFuid to be filtered to the interior of said filter in
such a manner that such fluid will flow through the conical coal escing

filter el anerg. fiheMhiPorkdiRUtest@iBbRefti 4k fickte6a 8l @Bl 4Has its ends

substantially cl o%%g_rgynqﬁ%aisgcggld t_—cl ci%urgt&ganl%egsc azlaxr}_%li S APUNL, i nside a
suitable filter houSrng having inlet nmeans seal rngly conmuni catt W th
the interitor of s& ghprrtircudped ramépakiems communicating with [ocal

at nosphere or inside chanber of said filter. 36. A coalescing filter
I

assenbly go i 0.8 S r“ EH I j Llter nt as defined
in any on% rrg. c %i ﬁétt%t(.l%fe%? Fgggggs;%‘&g?%% udi ﬁlg%ﬁg’s for

i ntroduci fg the fFhEESIRD Yhe FRFPRY SPTEBTt REHR hasr pRrelfctriapl filter

el ement aB t he i ndiedgtbfedusd tonemerdsflf of the wavelength of the test 26

filter layer in suGhean@ygr that such fluid will flow through the

remai ning |layers of said filter frominside to outside, and wherein said

coni cal coalescing elenent has its ends substantially closed by a pair of
closure Aentérs Thanautamaticdtestsiagmipment taghirecited dn pdatny  havi ng

inlet neals seal i pkYeDOMMANEAANTUNEEE $0® iisnhesdniia0f caBldl Wiitht er
el ement agd OUtle%nngggﬁicircuited termination.

11. The automatic test equipment as recited in claim 10,

1

2 wherein the second tuning stub has an electrical

3 length equal to one-quarter of the wavelength of the
4

test system clock.

1 12. A clock jitter reduction module, comprising:
2 (a) a first cable for providing a clock signal
3 delivery path; and
4 (b) a second cable, coupled to the first cable, for
5 tuning the clock signal delivery path using
6 microwave techniques.
13. The clock jitter reduction module as recited in claim
2 12,

e

e
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comuni cating with the | ocat—atmosSphere. A mul ti pl e el enent

(i1 ter housiomaui g an .ynumnuuﬂrnﬁ||mmm " by perumomns sheet,

having a plurality of openings ¢irtemMpo$ed®between said inlet and outlet;

c) a plurality of elongated porous conical filtering el ément s nourit ed
{0, S8l d> 0pen! NG ISy §h0. sddbnalsn I 0 d Lbawaf camd fechnsi de to the

out si de of said "Ffilterrn enents;, a d) havi ng i nl et neans
seal i ngty com‘ruﬁlP%fatqlﬁsm’\?ﬁq W"‘Fﬂé“?’ﬁt"é’rl or of said filter el enents and
outlet neans communicating with the |ocal atnosphere. 38. A multiple
el ement ; coghesgl 0G 1fokt $Lr1a3S eRRLYLidnNAbEGI N Gs kac D@ iAaE] ik a)

a filter housin haV| ng an inlet and an outlet; b) a tube sheet,
havi ng 3 pl urali :Py of openi ngs i nt erposed bet ween said inlet and
outlet;3 whereing the geriongycalple basr 30 HACTHEYFIL d6REERted to said
openi ngg and sabguduhe shealarapd frayiwagelaigyr af tie Idtleckseal i ng surfaces
at the upper ends_t hereof; d) a plurality of elongated porous
coni cal fllterish%n ‘ements mounted to said risers, wherein, in use fluid
flows fromthe inside to the outside of said fi Iteri ng el ements; e)
an end cap 18SSEN®ldekapptyénGepuessott modake aldoyptidsivwi:d el ongat ed coni cal
filter gl enment Sé%P §G§Lﬁ sai gl %HPS}_IENRQEME%[‘ Sakf éﬂ},ﬁgr al sealing

surfaces prOV|d on Said risers an

sal ca cg l'ies; f)
a | over3sunp pr &% ded RimeRAatErys emga?opnt"ﬁg% Heét to c_oI | ect
coal esced |iquids; aswtondary cqj)l, one ehdaph the nomm@lrxcm&nbemq on with

said synmp to drain nggt@(d dHeQ¥i #5: cable;
24 33. The coa

cing filter el nt descrl 9, and
further ®i ncl udi AY arf ogl?FBPg ?ﬁﬁ}gr F°‘§?1retr§5§ttﬁr%n ??I ci ent gdl ty to
radi al | § support saigkiperpusoifl.| fer @MtEMERLng i ‘-‘é&F’ﬂ -“s‘tﬂnPébWét heet
mat eri ag and havi ng laéaulcealjj;p;daranet er substantially the sane or slightly

Syallergthan theaputslde 4 AELCha0lnd 6, GRERLNALLORAT Lhe porous T1 I ter

el ement ~and sal out er a er rial %t ﬁ%% sur roundi ng
sai d cdRbi nati on. temlnSHmrAC@BHF%%cq%é |‘PEE%‘1S F ° udi ng, in
conbi nati on: primary coil; and

12 (e) a fourth cable having a short-circuited
13 termination coupled to the secondary coil.

1 16. The clock jitter reduction module as recited in claim

2 15, _

3 wherein the RF transformer is a 1l:1 balun.

1 17. The clock jitter reduction module as recited in claim

2 15,

3 wherein the third cable has an electrical length equal
4 to one-half of the wavelength of the clock signal.

1 18. The clock jitter reduction module as recited in claim

2 15,
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a) an inner support structu i guration, b) an

i nner |ayer of suitable sheet around sai d i nner support
structure,  woosfshzey @ POroOUS mmm"nuﬂmﬂm el emant forl;@g'f,@gl 1gRfdon y
orientated fibers and being of tomd cal shape,* at |'east "one outer

| ayer of a suitable thin sheet material w apped about said filter el enent

and belng inintinate con th er support

st ruct ur e- of COI’]IH ?r%:‘d'hf?’ % ﬁ%’n \ghﬁj e 5 §%F l%‘iﬁrﬁc@ge%?n?rrrbl dity to
radial |y upport saval por cbe-131% of shermawelgndtsaifd thei thddle thin sheet
materi al &and havi Bggr1 .| nsi de di aneter substantially the same or slightly
smal l er than the outside dianeter of the conbination of said inner conical
support structure, said inner |layer of said suitable sheet material, said
porous fitterdel BAvrlockndisten reduetiomyodupe aniegbredsheatlagmt eri al and
conpletel ¥ surroumﬂ;ng sai d conbi nati on. 35. A coal escing
filter asgenbly i i.cal porous filter el enment having
an upper §nnu| ar ﬁ;at seg ?n%o%ru&% g%‘éll%%% aaflov%r Gl % 4I at sealing
surface, and t?ﬁmlqﬂS&ﬁ§ for introducing the fluid to be filtered to the
interior of said filter in such a manner that such fluid will flow through
t he conicgl ggal [ tQ erein said filter

el enent s its %Eés&gﬁ% %iaﬁeirg ?/Eg#%gsr{e {S}ﬁ% pa?ltéEiFV\égl osu?%1 *fermbers, and
is nDunte inside & suitable fllter housi ng having inlet neans sealingly
comuni cati ng w twhedesin nherforrtdf cable Hasl herelandiosal | Béngwdans

comuni cad i ng W tdg agc%L, éﬁgﬁ%{é Qﬂ@ge 0, ilter.

36. A coal escing fl|t asse 3%%gn%€”2?ﬁgggegonlcaFfC%ﬁ eSC|%g filter

el ement as describedd n and one of clains 11, 12, or 26-31, and including
means for introducing the fluid to be filtered to the interior of said
filter element at the inside of the innernost filter layer in such a manner
that such fluid will flow through the remaining |ayers of said filter from
inside to outside, and wherein said conical coal escing elenment has its ends
substantially closed by a pair of closure nenbers, and nounted inside a
suitable filter housing having inlet neans sealingly conmunicating with the
interior of said filter elenent and outl et nmeans conmunicating with the

| ocal atnosphere. 26 37. Amltiple
el ement coal escing filter assenbly including, in conbination: a) a
filter housing having an inlet and an outlet, b) a tube sheet,

having a plurality of openings interposed between said inlet and outl et,
(@) a plurality of elongated conical filtering elenents nmounted to said

openi ngs, and d) having inl et neans sealingly communicating with the
interior of said filter elenents and outl et nmeans conmunicating with the

| ocal at nosphere. 38. Amultiple elenment coalescing filter assenbly
i ncluding, in conbination: a) a filter housing having an inlet and
an outl et, b) a tube sheet, having a plurality of openings

i nterposed 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 elenents nounted to said risers,

e) an end cap assenmbly applying pressure axially to said el ongated
conical filter elements to sea ween said integral sealing
surfaces provided on said ri sersisgikeh HaBén RESaceAP assenblies, f) a

| ower sunp provided i mediately e sheet to coIIect coal esced
| i quids, g) a drain in fllmm”ﬁuﬂlHnL on with said sunp to drain
col | ect ed | i qui ds. '
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