10

15

20

25

30

DUCT WALL WATER EXTRACTOR GOVERNMENT | NTERESTS [ 001]
The i nvention was made with Governnent support under

W@ 0w 086 number DAABO7- 03- D- BO06- 0013 awar dedP@/us1066/046196
United States Air Force. The Governnent has certain
rights in this invention. CROSS-REFERENCE TO RELATED
APPL|I CATI ON [ 002] The present application is rel ated
to issued U S. Pat. No. 6,331,195, issued Decenber 18,
2001, which is incorporated herein by reference.
BACKGROUND OF THE | NVENTI ON [ 003] The present
invention generally relates to liquid renoval
apparatus and, nore particularly, to duct wall water
extractors for aircraft environnmental control systens.
[004] Entrained noisture in environnmental contro
systens (ECS) is transported through the conditioned
air ducting at various points in the system If this
entrai ned noi st DYCTWALL WATER EXTRACTORI ned away it
can cause excessive noisture in the cockpit and/or
avioni cs bay. [005] A dual scavengi ng separator is
described in U S BEO¥BERNMENT INTEREATS The di scl osed
separator conprises a conical feature with an externa
spiral blade that swirls water droplets and

[095le1r t i E0e Mventiop wamadel Wit fpveruneniasuppaiteyrdeariroptracknumber

DANEH 65 RBBY600A ngﬂveﬁb% S bkln tﬁ@e U’r\f?tlelj ifib@s@air Force.  The

external sunp. A limted nuib slots In the cone
Gayeainent 'ﬁ‘sfqm"bﬂﬂwsﬂ@ﬁh"ﬁHlé’eét'@faned air. Al though the

descri bed separator may capture entrai ned noi sture

t he tortuor#a %2{ Iigted flow path area induces

si gni fi cant P PRSSBETERFNGE A BRWA TR Aﬂ?é—'@f‘ggﬂ'@d air

flow ng through the device. The pressure drop results

' ced E ity d engi
1002 e 1% Bfre affkElias flbtefngrlray Sur BoUnd debios, ssued
Deasmbebil §, 2601 aﬂﬂch izddcorpblrated Rateimby |N@feréhc§69 050. The

di scl osed assenbly conprises two tubes (inlet and

outlet), which are crinped, closed, perforated and
housed wi t hi n aBAMKGROUINIG OF THE INVENTION

[003] The present invention generally relates to liquid removal apparatus and,
more particularly, to duct wall water extractors for aircraft environmental control
systems.

[004] Entrained moisture in environmental control systems (ECS) is transported
through the conditioned air ducting at various points in the system. If this entrained
moisture is not captured and drained away it can cause excessive moisture in the
cockpit and/or avionics bay.

[005] A dual scavenging separator is described in U.S. Patent No. 4,179,273.
The disclosed separator comprises a conical feature with an external spiral blade
that swirls water droplets and particulates to the enclosing duct wall where they are
drained away through slots in the wall into an external sump. A limited number of
slots in the cone provide a flow path for the cleaned air. Although the described
separator may capture entrained moisture, the tortuous and limited flow path area
induces a significant pressure drop penalty for the cleaned air flowing through the
device. The pressure drop results in reduced ECS capacity and/or engine efficiency
for some aircraft applications. [006] A liquid separator assembly is described in
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encl osure. The air flow enters one tube, exits through
the perforations into the encl osi ng chanber, and
WO e@ngs3se t he second tube through its perforat POIES20061@46196
wat er droplets are separated fromthe air flowin the
encl osi ng chanber and drained away. Unfortunately,
this assenbly al so i nduces a significant pressure drop
penalty caused by its tortuous and limted flow path
area. [007] A liquid/gas separation device that does
not require the air flowto go through a reduced
airflow path is described in U S. Patent No.
5,302,301. In the disclosed separator, the water | aden
air flow enters an enl arged chanber tangentially,
i nducing a centrifugal force which drives the water
droplets to the chanber wall and subsequently drain to
the bottom of the chanber and out through a drain
U.S.ubateniTNe. /768561 rThmdmldsedtdmeomm emmpﬁsésh&vco:hmasbe(rnlet and

f h .
R NI T .
endlosimet hé' hdeair dlow enfers taneatubley, emtbethf'odgtretheelperfaranons into the
enﬁegng ?ﬁ%rg%'nﬁ' %mergr ﬁ?sgéc%nﬁr %&2@? egSﬁ/ ltgn?érﬂ%ations The

t1 ona requ
Watqﬁaimeletwnerﬁe@ar%teg droro Itmﬁrell‘tﬂowalhl thay enislosingpehamberarnidodrained

an?C ‘l‘.fnfor‘t:&{atél lsahgégrﬁﬁlg AP bl %rkg‘f?mﬁ%tt%ré&ure drop penalty

I mted sac OI‘ devices to capture The entrained

Wﬂdeby m@r&ueumeddw@éi fle Rathgared. har dwar e and t he
[OdTilr geAVlQidl’c!YQa§ %ﬁ@?&hoﬁaﬁeﬂ@é tR8t Bbs altereqlif8BtheASir GRW to go

is a need f a wat er separator device

th"?‘ﬁ%n ad’(?é'é'cﬁ%ta"f'@i‘{uﬁ"'r‘t@ g QRﬁCUP%d X phRs FaedrNeebB0R23§1. - In the

dlscbéébeée;béraﬁcﬁp&hat Fwdt&e 48T alfrr A6Wt Retets " aft re%?éfbed chamber
e the amunt of ECS airflowis_ critical a

tange el 1 BHGHaG % oD ARl B oY VB SHLEPy by Wb, PIGRISE to the
charberawall bod subsaqesttly. drin foht@e, battonRbe theefidrisérosind Bt through

= e Grerusy R e BB et oo LBpHER afnaynd is directed

througis erfilteir relementotinat aemapqasupattmlétes peipt tathe afr Being discharged

Ui rt,i L o apted to
ol 4 R DL old ASABREL R0 U S AR ok croe
penaltygpm toe eisiedyainlflowyg Aldditionelly, this device requires a chamber with a

large volume to allow the separation to occur. For some aircraft applications, there
is limited space for devices to capture the entrained water due to the close packing
of hardware and the large volume chamber may not be suitable.

[008] As can be seen, there is a need for a water separator device that does not
require a volume expansion or settling chamber to separate the water from the air
stream. Because the amount of ECS airflow is critical, a water extraction device that
does not excessively restrict the airflow is needed. Further, a water extractor that
has a smaller and more compact design is needed.

SUMMARY OF THE INVENTION

[009] In one aspect of the present invention, an apparatus for extracting a liquid
portion from a flow comprises a duct adapted to receive the flow; and at least one
slot positioned longitudinally-along the duct.

[010] In another aspect of the present invention, an apparatus for extracting a
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[010] In another aspect of the present invention, an
apparatus for extracting aliquid portion froma fl ow
waeompsses a duct adapted to receive the flow, PE€TESIINEG046196
having a slot; a sunp positioned |ongitudinally along
the duct and in flow comunication with the slot, the
sunp adapted to receive the [iquid portion; and at
| east one ridge positioned on an inner surface of the
duct and intersecting the slot. [011] In still another
aspect of the present invention, an apparatus
conprises a duct for receiving a |liquid/gas m xture,
the duct having a bend; a slot positioned on an outer
side of the bend and positioned parallel to a duct
axis of the duct; at |east one ridge intersecting the
slot; and a sunp in contact wth the duct and desi gned
to enclose the slot, the sunp adapted to receive a
liquidl qnirwbrpabtri anflol domeprisequa dﬂ@aSadabtédeoerec{eaﬂeZ1heThewe the duct
features ects and ad ant es . of

th
ha‘ﬂﬁ%sgnF%E’n@erﬂul% W%S rﬁ’é’ci et grgf%o‘%“‘&n gpc in flow
comefumication with tHeeslibglthewung ddaptedds, recbse: nhephqunn gontion; and at

bl B10o R o RE R TATD T RS o i o
[019¥ st elm stilicanatheyaspeat rod tbmnmelsem ribvesttionhan papaaaatUS comprises a
duc?tr%? pédde%n E fcéuldlgég W;t eadLR:? rhgg‘ﬁg dé Egn%f ggk? H)O%itloned on

ccor o one e
an ,gugy@@e pﬁmppmj\ anpgm]thnegmagatphtg aapdetraxis of the duct; at least

on@ﬁﬁ@@%@é‘éﬂ?{? RML WRr snd B8 ?r A t e | n ctCWlt Hﬂ%ﬂé?@cﬁ%d@éesngned to

been rotated To view it ure
englgse thetsialndpe reirap cadaptedytofrepeiyara hg,w eertionFpf e liquid/gas
m.)agrei S a cross-sectional view through line 5-5 of

EL gur 8] Figure 5b is a cross-sectional view .

r ouglﬂeﬁq %édl 81 gl ASPETS ZRYANRNIAIES Of Hshpregent invention
wmt became detter undemstocwith Géfreftedtt thebmllbWwing drawings, description

gﬁ{?ggectlve view of a swirl device according to one
an Pment of the present invention;

BRIEF DESCRIPTION OF THE DRAWINGS

[013] Figure 1 is a schematic diagram of an environmental control system
according to one embodiment of the present invention;

[014] Figure 2 is a perspective view of a liquid extractor according to one
embodiment of the present invention;

[015] Figure 3 is another perspective view where the extractor of Figure 2 has
been rotated to view it from the inlet;

[016] Figure 4 is a cut-away rotated view of Figure 2;

[017] Figure 5a is a cross-sectional view through line 5-5 of Figure 2;

[018] Figure 5b is a cross-sectional view through line 5-5 according to another
embodiment of the present invention;

[019] Figure 6a is a perspective view of a swirl device according to one
embaodiment of the present invention;

[020] Figure 6b is a side view of the swirl device of Figure 6a;

[021] Figure 6¢ is a view through line 6c-6¢ of Figure 6b;

[022] Figure 7 is a cross-séctional view through line 7-7 of Figure 2;
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[020] Figure 6b is a side view of the swirl device of
Figure 6a; [021] Figure 6¢c is a view through |ine
W®ee0Bo8Bhke Fi gure 6b; [022] Figure 7 is a PCT/US2006/046196
cross-sectional view through line 7-7 of Figure 2;
_[023] Figure 8a is a cross-sectional view of a
portion of a duct according to one enbodi nent of the
present invention; [024] Figure 8b is a
cross-sectional view of a portion of a duct according
to anot her enbodi nent of the present invention; [025]
Figure 9 is a perspective view of a |iquid extractor
according to one enbodi nent of the present invention;
[026] Figure 10 is a view through line 10-10 of Figure
9; [027] Figure 11 is a perspective viewof a liquid
extractor according to one enbodi nent of the present
invention; [028] Figure 12 is a cl ose-up view of
[02B] gurfegdre; 84 28 créssyseatiohadl viewaofee peplioot ofvae duckeacabidiag to one

emiﬁﬁ%ﬁ?ﬁgﬁth@ﬁ%%%lﬁggvérgmgne enbodi nent of the present

ure 14 is a rotated view of Figure
[024B; [Rigue &bgara ctess-sectioonbyievsetta padionvobw dictoaerording to

anéth&'eerﬁﬁoc}xﬁxe‘ﬁft of {I'%U[Sr?s&ét] mL&ﬁ%kéFi gure 16 is a cut-away

Xtr act'or accordi ng to
[028he dridwe ﬁem aopetsm@cbveayeew ofnaeknuid rext{ags3s] actayding to one

embddienf oP#eSResEhtiRvdtew; of a liquid extractor

according to one enbodi ment of the present invention;
[026D34) FighigtQismpview Broyahdime iP-10 ehFgura et i on 18 of

[o2fr} 9urmgdré 1k 0354 é:érgﬁééilvlagwbﬁv Bf & A§GTUBKYARHY BEcording to one
section 19 of Figure 17; [036] Figure 20 is a

emB%ﬁ"gffé’éPfV@ R/Péﬁi"df“’%f’t%”np cover according to one
[ozepboomgmtwi‘séblas@rups\ﬁ@kdfmgemén@p [037] Figure 2 1

[ozéf) F-Cgr;L?rses 1§ect Ia(n) npael-rsgelzc IV\\//et Ulréowu %I? lczl Ql?mglbgc]fy oaf\cclcz)lr Hé eto one
embodiment of the present invention;

[030] Figure 14 is a rotated view of Figure 13;

[031] Figure 15 is a cross-sectional view through line 15-15 of Figure 14;

[032]) Figure 16 is a cut-away view of a portion of a liquid extractor according to
one embodiment of the present invention;

[033] Figure 17 is a perspective view of a liquid extractor according to one
embodiment of the present invention;

[034] Figure 18 is a close-up view of section 18 of Figure 17;

[035] Figure 19 is a close-up view of section 19 of Figure 17;

[036] Figure 20 is a perspective view of a sump cover according to one
embodiment of the present invention;

[037] Figure 21 is a cross-sectional view through line 21-21 of Figure 20;

[038] Figure 22 is a perspective view of a sump cover according to another
embodiment of the present invention;

[039] Figure 23 is a cross-sectional view through line 23-23 of Figure 22; and
[040] Figure 24 is a flow chart of a method of extracting a liquid portion from a
flow according to an embodiment of the present invention.
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[038] Figure 22 is a perspective view of a sunp cover
accordi ng to anot her enbodi nent of the present

WO paoe0843061; [ 039] Figure 23 is a cross-secti oneCT/UBENG6/046196
through line 23-23 of Figure 22; and [040] Figure 24
is a flowchart of a nethod of extracting a liquid
portion froma flow according to an enbodi nent of the
present invention. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [041] The follow ng detail ed description is
of the best currently contenpl ated nodes of carrying
out the invention. The description is not to be taken
inalimting sense, but is made nerely for the
purpose of illustrating the general principles of the
i nvention, since the scope of the invention is best
defined by the appended clains. [042] Broadly, the
present invention provides |iquid separation devices
and et hodPEDAILEDRESGRIPTIONQRTHEMNEINTEMNS of t he
present invention may find beneficial use in many
i ndustries including aerospace, autonotive, and

[04) ec(Tihec fallpwijuh detsilpd ndesasiptian rie rafsthef beﬁecw@rstbrnpontemplated
moddY NEAPIng ™Yt Bt Gﬁ@ﬁﬁér?' Fhel s@ﬁﬂﬂldrpét 12&”(8 HJ‘&JKEHHH% limiting

alrcraft” environnental contro SY st ens
sengealtiy mads Mesely &1 tﬁﬁ(PLﬁWSQ:@frﬂHWtramgﬁge (gqvmal Rﬂ'ﬂélP‘eS of the

inventishesmce Eﬂ@@&hmﬁtﬁe Hvenhibn S BEfMHefihBY BYithe apaa.yd&ﬁcna.ms

sef in a ui d/ aratjon pl.icatio
fo4 %Jé @&MOSKW seqt, Vﬁlngg nRroVidesntl $ r%‘?ﬂ) ‘?O%’éges and
methodgatier pexduche! tie ﬁwe CQEthMdlﬂﬂarﬁsW@f e PPasent wesmaﬁ may find
nDV|n ent.r romthe interior

vengfibigh &38 o, ey disides Ity Hiarnive. AuPEaS 2w glecticty
genefation. nEtmibedimerits whlthe presknt mvenn&mh‘m}j’ ﬂ»@bgméﬂtﬁhl nalapplications

incl?#igaga {Jllgft %W\:/ on en%'ﬂ%l{)ggclﬁlg s%r?ng t(E@%I or} %t?rij?gggﬁq%p ion and

air-goridiioramg ,(HVR@)Ictmglswtdmﬁal Eottiogiithentsaf thaprasémtvinvémtion may
o Hlt. d better than a nore

be@ﬁ%{; ﬁtagk I Bmfjéé:sué er ﬁ} ‘F&{C?B M-and housi ng or an

[043kt r é@me grabedigent. the geesentunentioarmay commriskea water extractor

deviie ﬁéwﬁéttwbhﬁﬁmgﬂ/sfera'nﬁon bh?ﬁﬁééupaﬁrﬁfauﬁ%h gva%érr #b%Nkhe interior

sectl on Itu
walkeher EGHdychf The @rﬁsrréw fea&w&mamcmpnmams@taﬂébe shyct wall

thatt @Qorfé%t@d %gﬂﬁdlﬂalﬁﬁﬁﬂnb Rhé ket Uﬂh,en\&i&fr?g Lprha&) be positioned
on Ihoer gStSél o the duct an E)\%P t6hde \slz\f%t Unhﬁg the prior art, the longitudinal
orientation may allow the extractor to fit in the aircraft better than a more traditional
circumferential slot and housing or an extractor having a large volume chamber.
Unlike the prior art that positions the extractor in a straight section of duct, the
longitudinal slot of some embodiments of the present invention may be located on
the outside of a bend in the duct, where inertial forces direct the entrained water. An
upstream swirl device may or may not be used in conjunction with the slot.

[044] The second primary feature may comprise one or more continuous ridges
positioned on the interior duct wall surface. The ridges may be positioned to direct
water on the duct wall to the slot where the water is extracted. The ridges may be
single or multiple and may have gaps to direct the water to specific locations. Unlike
the complicated flow path of the prior art, the water may flow along the ridges to the
slot using Coanda effect on the downstream side of the ridges. Unlike the tortuous

and limited flow path area of the prior art, the low profile ridges may not induce a
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upstream swirl device may or may not be used in

conjunction with the slot. [044] The second primry
WO e@u08%B26may conpri se one or nore continuous rPANES2006/046196

positioned on the interior duct wall surface. The

ri dges may be positioned to direct water on the duct

wall to the slot where the water is extracted. The

ridges may be single or nmultiple and may have gaps to

direct the water to specific |ocations. Unlike the

conplicated flow path of the prior art, the water may

flow along the ridges to the slot using Coanda effect

on the downstream side of the ridges. Unlike the

tortuous and limted flow path area of the prior art,

the low profile ridges may not induce asignificant

pressure drop penalty. [045] In one enbodi nent, the

present invention nay provide a liquid extractor 60
sigrfifizané pressure dropgpenaltycont rol system 70, as depicted in

i gu [

(045}, o o ehitioctih @it e blesBt el ey o3 U5 deractor 60
for gmn en\lnrqnmehteb(mmmi system mwsbéepmteﬁl inWiguoartunTloatiguid extractor

60 Way%eaﬂo%éj&“a&y%ﬁégrw ffén a-';hgmghr‘?%\i% Fia?f"l%éﬁfégl%r 72. The

ositironed upstreamfrom a
hquairmﬂmctcmﬁfhmaumec@ flaw gormgnuricatien wiﬁeamfiﬁﬁ dueksysienof4. The

hqu@oeﬁFé‘c%rd BOInbP RN pSQPQﬁédr%BEtrﬁémt #A6mP4 &RRbit 'ﬂBWe% ' é?ﬂj/or an

IS eplcted In” Figures 2- 1 quid extractor
aV‘Qﬂ!ﬁS flpBi se a duct 61, at |east one slot 62 (see

[046} guﬂ'ﬁe3)lqwat ek@é‘étbr%tﬁ édc@&ﬁn@&oa%ﬁ %n&iﬁﬂﬂnéﬁt ofNhe present
uct %dmﬁ esigned to recejve

’"V%Rﬁr'? é’ieﬁtf‘ BUR D &S i 12'?%:“8“”1%’ %‘H“Ut 6%2’%90'8@"39 a duct
61, RO Sddst @OnedibOBR ($a6 FRré \8) 2htolegst bfe @idge 63 and Ehgump 64. The

ool K o T S 50 i G e, e
slot X nimeke lﬁogﬂhaea)loﬂéltddnmuﬁll %mnggm ;mluat é3. t Tiee Sidgb &2 may be
{. P
posiigfed T 2B iRt siaPemsof B ehd 6L 4t SRl sy ofiBet  vauia
portR9ua29a\(sdeobighrd B)aofethmoﬂbwr@ﬁttewafdst the dlotgR.d Thetsuagt 64 may be

posfind8 PAGbR ol el Y 8 646hB8cBhed F8PARAHE IR portion
29a} aAltheugh the gwogsnenpt@m thehlég L) epctragtor ﬁ@cﬁesagtedbm the figures

incli@Y at ie#kst A Fidge 3, RGs HEmpIIRY HAMBI BfeRidrRBy also lack the
ridges 63.

[047] The duct 61, such as, but not limited to, an ECS duct, may comprise a tube
shaped structure having an inlet: 26 and an outlet 27. The dimensions of the duct 61
may vary and may depend on the application. For a non-limiting example, the duct
61 may have a length of about 10.0 inches and a diameter of about 3.0 inches for
some ECS applcations. The duct 61 may comprise various materials including, but
not limited to, sheet metal and plastic. For some applications, the duct 61 may
comprise aluminum. The inlet 26 may be designed to receive the flow 29. The flow
29 may comprise various liquid/gas mixtures, such as a water/air mixture or an oil/air
mixture.

[048] The duct 61 may include a bend 28. As the flow 29 passes through the
bend 28, inertial forces may direct the liquid portion 29a (see Figure 3) of the flow 29
to be-thrown toward an outer side 33 of the bend 28 and onto the inner surface 25 of
the duct 61. For some applications, the duct 61 may comprise a straight cylindrical
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shaped structure having an inlet 26 and an outlet 27.

The di nensions of the duct 6 1 may vary and nay depend
woroozhsosappl i cation. For a non-limting exanpl BCT/UR®06/046196

duct 6 1 may have a length of about 10.0 inches and a

di ameter of about 3.0 inches for some ECS appl cations.

The duct 6 1 may conprise various materials including,

but not limted to, sheet nmetal and plastic. For sone

applications, the duct 6 1 nay conprise alum num The

inlet 26 may be designed to receive the flow 29. The

flow 29 nmay conprise various |iquid/gas m xtures, such

as a water/air mxture or an oil/air mxture. [048]

The duct 61 may include a bend 28. As the flow 29

passes through the bend 28, inertial forces may direct

the liquid portion 29a (see Figure 3) of the flow 29

to be thrown toward an outer side 33 of the bend 28
meanter draving he bendse (natahfomey) a2 the duoe 6dunay b. pdsitionednsich that

oA e P 2R B 5 Tt o 25
of theciucb61. nay be positioned such that gravity may

08 St S 1 BT i Bicd 0 CAORGIRLBREpcn o
stafic swyr! vare.ud beas\newdemc@e?«a owyd®e pogitioredjupsiseddafier) the slot 62.
Thé %ﬁoﬂl 88viBe 3bahAinsArt b éé‘?\ﬂﬁu?% ﬁWnrthg %\# 5 SﬁszlgﬁVes 3 and 4

positioned upstreamfrom
thed%m"c@ a punteTriekvise @hﬂept'@rm@ﬂ’kl@mqwnéﬁe@m flhgvgentrifugal

switlSnay ﬁaE&é} tlfeﬂ$ea3némﬁ|qu4d %J&fﬁoﬁ\&gd (el¢ e'n'ﬁ"aﬂf\ed water) of the fiow 29 to
count er - cl ockwi se direc

i on ownstream
be (?@Wf?tf’ﬂgfé?ms% lighteraportions that i%’qwgvfee@ piryef dhﬁdm &9 The
cerﬁﬂmlgéﬁ‘sﬂlrl a8y ﬂﬂbwlet;ale \ﬁ@trﬁfrde{latbh aoévhtgbﬁéﬁhrﬂ dr@d Qfward towards the
r [ r portion ot . shown

inngr R3PS 20 o 6, 9t e BBMadmatidr oL Tie haid, Sidlaciar 60 may
corhpeseetiter bemba8 whe ewirl dw&bmam&nmedmm&i aho\wee ewirl ddice 31,
or +§gﬁeﬁ éﬁ%!&eﬁé%@{i’o%{y ! elrldcg%(ﬁsé’%t gggée{%nlt@’iéj fpﬂtgllg)% 29a of the
ﬂow,\EBrtbwaEia tbe irgrer subfath 25hd theddct2®t.and t he swirl

[0 Sggv' Cthe |i%uidoé>gfb%t5|h§6 rhgf uk?cﬁﬂ%e = I€:9§t 515% s ({%. as depicted in

rect the
Flgﬂr%ﬁ; 21@1q @iwaﬁa@am@llqvnfﬁ@rcm\dlf&a@fethgarqufd pm@omﬂaa @& the flow 29,

wh{cﬂﬁg]a trhﬂ/ I%ﬁgﬁé ?rﬁﬁé}*’ sFfhCERY5 i Ghe Wiche1! ORSd si%2 may
compnse a sht throu the wall of the duct 61 and may be oriented longitudinally
along the duct 61. For some applications, the slot 62 may be positioned lengthwise
along the duct 61 and parallel to a duct axis 30, as depicted in Figure 3. For some
applications, the slot 62 may include a keyhole 34 (see Figure 3) positioned at an
upstream end 40 and/or a downstream end 41 (see Figure 18) of the slot 62 to
reduce the stress gradient of the duct 61 resulting from the flow 29 and associated
pressure,

[0561] The dimensions of the slot 62 may vary with application. Computational
fluid dynamics analysis (CFD) may be useful for determining the dimensions of the
slot 62 for some applications. By way of non-limiting example, some applications
may have a slot 62 comprising a slot width 31 (see Figure 5a) of less than about

0.25 inch. The slot width 31 may be, but not limited to, approximately 0.15 inch for

-some aircraft applications. For some applications, turbulence within the sump 64

may be proportional to the slot width 31. In other words, the larger the slot width 31,
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Figure 3. The slot 62 may allow for capture of the
liquid portion 29a of the flow 29, which may be
WO e@vmBe3eg on the inner surface 25 of the ductPGI/LS20061@46196
slot 62 may conprise a slit through the wall of the
duct 6 1 and may be oriented |longitudinally along the
duct 6 1. For sone applications, the slot 62 may be
positioned | engthwi se along the duct 6 1 and paralle
to a duct axis 30, as depicted in Figure 3. For sone
applications, the slot 62 may include a keyhole 34
(see Figure 3) positioned at an upstream end 40 and/ or
a downstreamend 4 1 (see Figure 18) of the slot 62 to
reduce the stress gradient of the duct 6 1 resulting
fromthe flow 29 and associ ated pressure. [051] The
di nensi ons of the slot 62 may vary with application.
Comput ational fluid dynam cs analysis (CFD) nmay be
the i grebigr thertudmtience withip thee sadnpeés. dbsceskivehsursp dtrbbiBence may
for . I ' . N- ki ting ex I
resigf i SBESIPRE e 288 RNl il B8 54 Mo heT8qE) G ana =
redugtitrhin®xirackr efiidiencye B leoptt efthetsiatré2abeynivaty &id may depend
i - The.. ' A4 t
on fg]%ﬁj?s lnéﬂfczug; y%mfg&%?% C%fjt]hg@(:cp& . ?—'BF g(?rgl%z téppﬂ&étﬁ:%s, fhe length of

proxi ma or sone alr
the gind| 6 2 ey dres abeur equahdo gp greatar thansthe diamelerefdheidust 61. For

exalmtf?e,saiJ d0ctoeh P@\Yiﬂ? ‘;ae@]bgﬁ&{ bispnakr Fr%%ltnﬁv‘m&é«?% gl %te Bavind a length

n ot her words, arger the slo 31,t
betyeentand h&Ahgebul ence within the sunp 64. Excessive

[0531ND The' Hiet B2CcA e gefémbhe(u i e bliHistHeP 88 dfothe Akhd 28, for
reent er. n% t he duct 1 fromthe sung 64 and a

aPRYiERHANS 'BAUAINIRERENAE. eThe &lot fymarhe RostigRRd sownstream from

the S:*F]Wiﬂd_aéviﬁa)@x,aﬁ)f ﬁﬁﬂl&dﬁﬁnﬁﬁ?@lﬂgin@ntﬁeﬁf‘sw Sclxévits“elt 30l NFor some
.ne.dl aneter of, the duct . . r sone appLicatjlon

PRI 1 A6 & hEeS) SRR bt G2 rtbhgreiots 62 may

be gd&fjitkbrﬁd hhagry irf3kine Mnagepeaftoghe diidt bixi6 0. FAmIamga\va)y,eme slots

ct . avin .0-1Lnch dianeter nmay I.ncl ude
o2 e e asiloRet bAUE 6 seloliel Bt i S miAEnt By cuct o1
As FHhkirdg bﬁerr@ﬁvmt]!ekﬁogs@a m'ayrimj p_ositiom@ patatie! andlaxiaBy sfaggered.
|
od REE e ol SEnRELE 4 SRAS S I3 LI AT ano may
depeprrdn fgetdrs éindading dhe dippgrisien pbihe dunt 1I6d dindgthelompasition of the

flowgyi ce 32. For some applications, the duct 6 1 may

conprise nore than one slot 62 and the slots 62 may
[053] The fiquid extractor 60 may include at least one ridge 63, as” depicted in

Figure 7. The ridge 63 may comprise a ridge-shaped structure that extends radially
inward from the inner surface 25 of the duct 61. A radial height 35 of the ridge 63
may be between about 0.050 inches and about 0.100 inches. The radial height 35
may be such that the ridge 63 produces minimal resistance to the flow 29 in the duct
61 and such that the ridge 63 directs the liquid partion 29a of the flow 29 towards the
slot 62. The ridge 63 may be formed by various methods. For example, weld
penetration technigues may be used to provide the ridge 63. Alternatively, the ridge
63 may comprise a strip of metal attached to the inner surface 25 of the duct 61.
The method of providing the ridge 63 may depend on manufacturing preference.

[054] Some embodiments of the liquid extractor 60 may comprise two or more
ridges 63 parallel to one another, forming a group of ridges 63. Ridges 63 within a
group may be spaced axially from one another by a minimum axial distance 42 of
about 0.35 inches, as depicted in Figure 7. Some embodiments of the present
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be positioned axially in-line with respect to the duct

axis 30. Alternatively, the slots 62 nay be positioned
w@aroalogske t 0 each ot her about the circunferenceCDUS100€046196

duct 6 1. As a third alternative, the slots 62 may be

posi tioned parallel and axially staggered. The nunber

and positioning of the slots 62 may vary with

application and nay depend on factors including the

di mensi on of the duct 61 and the conposition of the

flow 29. [053] The liquid extractor 60 may include at

| east one ridge 63, as depicted in Figure 7. The ridge

63 may conprise a ridge-shaped structure that extends

radially inward fromthe inner surface 25 of the duct

61. A radial height 35 of the ridge 63 may be between

about 0.050 inches and about 0.100 inches. The radia

hei ght 35 may be such that the ridge 63 produces
invemtiommelay reesisisenmerd thanhend bowp26f ridgdshe3.dfor e&aipss dhe liquid

o4 P A i i, B
thebsotf 62 med dnothen goup ofeidgesss3 Fovards dhpldawnatledm end 41 of the

slofiﬁggtgfogg_bﬂ% %&8@8%1%?? %Péﬁgﬁplés\%ﬂe%ghé’ d8¥1! @‘F h%E% bend 28, the

er na
grogps iof ridges88 anayanotdesh earallel torene; amthels u"flﬁ%mgrr@@r aﬁd tplmentlomng

of tﬁé;ﬁgﬁg sé BBTMSm?gthﬁh Ep%é?;ﬁh(grﬁgmgp E&L}%ﬁ@ ‘égﬁfécﬁ?é’ including the

n man turing preference _
dimansisgsal sust 81 apddhe lenatiy obiher siet ©2. 6or reedt@P @pplications, the

hqtﬁd\@x@éctapé@n{df&ﬁﬁp@% 1Bgs Hérﬁéb&ﬁt&ﬂﬁd@é@t her, formng
es es 63 within a gro aébe

1058 30 A et Ae a0 B ERGaR I SIOLO A o SERIFIad A Figures 3 and

11.diFgr 3BAR érabe&meémytthe rityd 63 hesy m@&‘sé&pthétsﬂ& 621 at a position at
nts of the Eresentl |h %/

the slot 62. The

di
leaB TR0 HES WA TR i Gwre
ridgexadphany, mté?ged:tltu% istbt Gztatgnt ﬂgl@ Ondigiyslot)arﬁgle SBB) % than or equal
es s the upstream.en
to §h3H°e8 ek o BpbIEISH, i Slotfed R, 68 Bl orifi, B3 may run
circlovesintiaynatorg) thelinmier tduefasé ®5 6dch Fuat theniidge 63 may be about

perggng ?hlrar? % e I:iﬂ&f Sﬁ@gﬁe 8s %%ﬂ:té&] F*bg%e %al Rl?érr\g}i%?gﬂge ridge

gr oups par al'l
63 mavthrave. 2 sl mrﬁeﬁorarﬁiatpmwthe wiugtaxié 30hes depiptdin Bgure 8b.

TTROUAB Mef AR HEURD (BB PSR A2 SHY 1 may be
Caﬁth'@ds I Qﬁmg 2mingimepisemagSuigs 'h@'utie @hdeast pge non-SIOt'mterseCth
ridge (upstream ridge 63b) upstream from the slot 62, as depicted in Figures 9 and

10. The upstream ridge 63b may concentrate the liquid potion 29a of the flow 29.
[056] A gap 43, as depicted in Figure 12, may be incorporated into the ridge 63
and/or 63b at a strategic position, which allows the flow 29 to redirect the liquid
portion 29a away from the ridge 63, 63b to another ridge(s) 63, 63b or the slot 62.
[057] The ridge 63, 63b may be angled with respect to the flow 29. The ridge 63,
63b and the surface of the flow 29 may form an angle (ridge/flow angle 37) of
between about 10° and about 70°, as depicted in Figures 8a and 8b. For some
applications, the ridge/flow angle 37 may be less than about 60°. For applications
including more than one ridge 63, 63b, the ridge/flow angle 37 may or may not be
the same for each ridge 63, 63b. The ridge/flow angle 37 may vary with application
and may depend on factors including the diameter of the duct 61 and the velocity of
the flow 29.
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liquid extractor 60 may conprise | ess than about ten
ridges. [055] At least one ridge 63 nay intersect the
WG @/ 08326 as depicted in Figures 3 and 11. ForPGDIB2006/046196
enbodi nents, the ridge 63 may intersect the slot 62 at
a position at |east about 2.0 inches upstreamfromthe
downstreamend 4 1 of the slot 62. The ridge 63 may
intersect the slot 62 at an angle (ridge/slot angle
36) less than or equal to about 90 degrees, as
depicted in Figures 8a and 8b. The ridge 63 may run
circunferentially along the inner surface 25 such that
the ridge 63 may be about perpendicular to the duct
axis 30, as depicted in Figure 8a. Alternatively, the
ridge 63 may have a swirl orientation relative to the
duct axis 30, as depicted in Figure 8b. The ridge 63
may direct the liquid portion 29a to the slot 62 where
[058] nmDuei theepibwrradial Seigbt 86i{ed). mbots bvdyof imited to, 0.060 inches

o IR A e D Sl P REAAD iMoo oo
flowd fuive 28}l in theFdigrirtds Phamidige (B3, B3b mpytaapture rthel diguig3ortion 29a
(e. g{n%%t%ﬂngﬁ e %@n‘éﬂgﬁﬁw QU% Q)é RRE! r@ﬂ)e‘z&? %b Wle tf)ltﬂ&’ I6W pressure

zonernrgatpdrtae@;l and e t'mwd ipottipn % med/rgn 2319 tzhrs ra'ige 63, 63b due to
the%%ﬂ@@ gnhﬁleoé’lstlwé POX v&"‘fﬂo@%/f@ﬁ Q?’@Ie@ﬁ fﬂh‘é"}’(%ﬁjeb&'tlon 29a running

irect portlon away from rid
alogg thegrigog §3 mﬁ)trms thiaygh tee 5@3 5 itef e syrap 6
[05§ﬁ57]Th'@1§uﬁ1b®ﬁoﬁt3|e IRk Gﬁﬁr‘adﬂ@r 60% cBimphisé %Sﬁﬂﬁtur‘é%avmg a

ow_29 he ridge 63, e surface of
Sump @V '9943%9’@%06{#0%&‘@153 'HP'&’dé‘?'?'P%\ﬁgérfg |the é*?)” % as depncted
in Fg@ﬁmeam @hmgb Weaéiﬂnélbfl_tthayz _@on@ﬁs?%mtﬁidﬁﬁfrell nfa?ﬂm@fs the slot
a.a . .Far. sone i cati gns 0
62 Sgori e 8 [1ad obtin 29 nrsans Tgioh B blon BE siart thé' 8851 may
ententieuslinyg cavitye4T.hThe aoeny 641 gﬂa)ﬁﬁe pGBIFonédh mcf; aldg@.ﬁtflvlagfrom the
or_each ri
sioff e e & ey AR, ohs SUins MoV eoFioran q it mamoer 38
andha doverymeaiben 39oas ﬂamcmdsnlﬁmradlz@dhe di anet er of

[Ospﬂe t ﬁl‘él’% g\%d}a@?g]bte eBé’ e%?%ge&;{ct@é ih hieigu&wéglé Orﬁﬁl' &M?pnse a

structyriet fkaying a radegei cmmésAG and SonePEEI d‘]@pl beatdr@ﬂgge orifice 46
magl B8 if 'ﬂGG)ec&ﬁmuﬁn%g v&W%ttH raoﬂ'léﬁfebé@é‘b{mels ééap?étéﬁ G F’-g;u?é’ 16. During

I
aszbéBg PPENINGAT m@u,t@ wt@qr@q @\tﬁ; the sﬁ)t r6|2 gs depicted m Figures

17-19. The opening 45 may be in flow communication with the slot 62 such that the
liquid portion 29a the passes from the slot 62, through the opening 45 and into the
sump cavity 47, as depicted in Figure 5a and 5b.

[061]‘ The dimensions of the opening 45 may vary with application and may
depend on the dimensions of the slot 62. A first edge distance 48a measured from
the slot 62 to a first inner wall 49 of the body member 38 may be, but not limited to,
between about 0.20 inches and about 0.35 inches, as depicted in Figure 5a. For
some ECS applications, the first edge distance 48a may be approximately 0.25
inches. A second edge distance 48b measured from the slot 62 to a second inner
wall 50 of the body member 38 may be, but not limited to, between about 0.25
inches and about 0.50 inches, as depicted in Figure 5a. For some ECS applications,
the second edge distance 48b may be approximately 0.38 inches. The second edge
distance 48b may be large enough that the liquid portion 29a does not reenter the
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(e.g. water) on the downstream side of the ridge 63,
63b due to the | ow pressure zone created there, and

w0 b@7loseé d portion 29a nmay run al ong the ri dgeCBBS2068M46196
due to the relative angle of the air flow (ridge/flow
angle 37). The liquid portion 29a running along the
ridge 63 may pass through the slot 62 and enter the
sunp 64. [059] The sunp 64 of the liquid extractor 60
may conprise a structure having a sunp cavity 47
adapted to receive the liquid portion 29a of the flow
29, as depicted in Figures 5a and 5b. The sunp 64 may
conprise a structure that encloses the slot 62 such
that the liquid portion 29a passing through the sl ot
62 fromthe duct 6 1 may enter the sunp, cavity 47.
The sunp 64 may be positioned radially outward from
the slot 62 and attached to the duct 61. The sunp 64

duam}ﬂ, bontpsieae exitb disky sureplearity 37 amdugh cioy eraln‘ﬁgé)en‘fcws. .

d. 4. hod
[Oség, o deggx %IEB%P ég 3% o enpicéie(igkol-ﬁnlg%)recso % e5 include a
retaitingovait §1héﬂhengetanmgawala§e roay fcoogpriéé aaatduanra)pemtmyzd within
AQimp f IhO
the sﬁl E:S\é@{ ?‘% %ﬂ\% r%r(% H Clgnﬁ&o%tﬁée fjot é?s A ttcetr e5é2 linﬁy be created
betwegprtpe tétairing ivalj Sdsamdhbh jntetibeswirns 53 ofithensymp&4. The gutter
52 A%, %éd?{l}%d rQR4RY, ahg%irgcpfheGI@n@ﬁoﬁﬁW S3L ovidtas i bfnage orifice

en| n conmmuni cat1 on
46.nFenseme aﬁpb@atms sth@rretawaﬂg wadl 31 oaly d@lipwrthe secovd edge distance

48P feducR tHf eitampué?a sééyng%et &staﬂeswfasoéﬁo ag %ch may be

into t esu:"‘rgzcawt epicted |gure 5a and
redgged farprox %f%ﬁ@%@eﬁtweaw@rﬁ%@ ingUded, vary

os\a?]t h BRpldocert ln@é?nBé}dSQBﬁsdﬁtﬁ&@dOm Flfiréd M033, Oy Odomprise a
first edge distance 4 a neasured from

StryqiaecPiRPtad PR 1 e RAGY TIRMPSH S5t It REMSopbodments, the
covenembss :mayné;ebebués:gﬂéd ltb Nbé EWelB@d tbelﬂéeﬁﬁdﬁbﬂéﬁ]ber 38, as

5 ct
el i Higes it 2B el 18 o G g cembRB T hepyer member
39 diayt lendesigBed tmlye beazadindie bty h)erﬂbe’zrsss reshdepictéd in Figures 5b,
d ed f

22 36 B AR RSB e SR i ol Ay 58 oo
to thatbodytmeimber 88. tThe d!mgveehtrabmmr tnersbémd$h end dinel body member
38 E@}H eré%ri :%Shﬁi%cuﬁﬁﬁg‘iﬁgfe?éﬁéé in Figure 5a. For sone

[064] Rp

24. The method 100 may comprise a step 110 of passing the flow 29 through a duct

ethod 100 of extracting a liquid portion from a flow is depicted in Figure

61, a step 120 of directing the liquid portion 29a of the flow 29 towards an inner
surface 25 of the duct 61, a step 130 of directing the liquid portion 29a towards a slot
in the duct 61 and a step 140 of capturing the liquid portion 29a in a sump 64. The
step 110 of passing the flow 29 may comprise passing a water/air mixture through a
duct of an ECS. The step 120 of directing the liquid portion 29a towards an inner
surface 25 of the duct 61 may comprise imparting a centrifugal swirl on the flow 29.
The step 120 may comprise passing the flow 29 through a bend 28 in the duct 61
such that inertial forces direct the liquid portion 29a to be thrown toward an outer
side 33 of the bend 28 and onto the inner surface 25. The step 130 of directing the
liquid portion 29a towards a slot in the duct 61 may comprise running the liquid
portion 29a along at Iéast one ridge 63 on the inner surface 25 of the duct 61. The
step 140 of capturing the liquid portion 29a in a sump 64 may comprise flowing the
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the second edge di stance 48b may be approxi mately 0. 38

i nches. The second edge di stance 48b may be | arge
wepwagsesehat the liquid portion 29a does not rRENUSL006/046196

theduct 6 1, but instead exits the sunp cavity 47

through the drainage orifice 46. [062] The body nenber

38, as depicted in Figures 5a and 5b may include a

retaining wall 51. The retaining wall 5 1 nay conpri se

a structure positioned within the sunp cavity 47 and

along the length of the slot 62. A gutter 52 may be

created between the retaining wall 5 1 and an interior

surface 53 of the sunp 64. The gutter 52 nay capture,

retain, and direct the liquid portion 29a towards the

drai nage orifice 46. For sone applications, the

retaining wall 5 1 may all ow the second edge di stance

48b to be reduced. For exanple, a second edge distance
liquwé pabtom 2% B agoltendd ob ther aunp 64. to approx 0.28 inch
[Oégﬂsgrﬁ\g neﬁéf&pp hl b)Z tr}o e sh E&g@e %p ggls ;;I;'Qgent invention
pravitgsr ingprosed t liquid wtraatdmspt e'ﬂhe dom:tmhﬂalts:um;h e:dmigyrat:on allows

em%m?ﬁéntggg Ittllé‘| @U@H@r}rﬁﬁd&ﬁ? %Eﬁe@?é@éd Iﬁﬁ%ﬁ&f&ﬁ constralned

apr@{a@h@m@d Tli’re I$i|<§u$'@!é rglge desigmdfAbe prnasant mweatlntatmowdes liquid
extﬁé@l@r@' tﬁgf‘éarhﬁé‘ﬁs&?}f%tr fﬂbeﬁ'gd/ 1BBY s%%t.s#g,%ﬂ@edcé o be
razed

tot I Ct I n FIgures
[066) b shauldoae un%eramdh@f CQUSEy ﬁbatéh%fﬁfsawﬁemel ezsmp exemplary

en@euﬁﬁemsrmme #9ef®oh B&d &ﬁgt%&fcét@nkhﬁa;ﬁagynmmﬁo&%epamng
design of the cover nber

fr °§‘8‘ RePITHEREREOBR ofilifiNYentinn a3 sehfertair Hl?efo"{"dm] claims.
met hod 100 of extracting a liquid portion froma flow
is depicted in Figure 24. The nethod 100 may conpri se
a step 110 of passing the flow 29 through a duct 61, a
step 120 of directing the liquid portion 29a of the
flow 29 towards an inner surface 25 of the duct 6 1, a
step 130 of directing the liquid portion 29a towards a
slot in the duct 6 1 and a step 140 of capturing the
liquid portion 29a in a sunp 64. The step 110 of
passing the flow 29 nmay conprise passing a water/air
m xture through a duct of an ECS. The step 120 of
directing the liquid portion 29a towards an i nner
surface 25 of the duct 6 1 may conprise inparting a
centrifugal swirl on the flow 29.
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The step 120 may conpri se passing the flow 29 through

a bend 28 in the duct 61 such that inertial forces
walreogososehe |iquid portion 29a to be thrown tomer/USENG/046196

outer side 33 of the bend 28 and onto the inner

surface 25. The step 130 of directing the liquid

portion 29a towards a slot in the duct 6 1 may

conprise running the liquid portion 29a al ong at | east

one ridge 63 on the inner surface 25 of the duct 61.

The step 140 of capturing the liquid portion 29a in a

sunp 64 may conprise flowing theliquid portion 29a

into a gutter 52 of the sunp 64. [065] As can be

appreci ated by those skilled in the art, the present

i nvention provides inproved |iquid extractors. The

| ongi tudi nal sunp configuration allows enbodi nents of

the present invention to be effectively used in

VERVELAIPE constrai ned applications. The slot and ridge

design of the present invention provides |iquid

extractors that can be used in straight and/ or el bow

sectilons &Y aPRAratus fepeslragtinasy fguid nestiom R9atfera a tew (29)

cofiprisfhg:t hat the foregoing relates to exenplary

enbodi nents, of the invention and that nodifications

may be madfYat(hbadapisshiorrergive sgid Hove (29 and and

scope of whRdshves sio? 62D osionbaNékyitudidaNg afdld SuM adct (61).

claims. W\E CLAIM 1. An apparatus for extracting a

liquid portion (29a) froma flow (29) conprising: a

duct 261 )hedampardtusoot Cpinve, Rmthdr icompric?d) at R2@t ahe ridge

ast_.one slot (.6 osi ti d,l ongitudinal | | gn .
G5B e o3R8 R Racs OBS Br 8 tia i and ol o airect
seighlmuid pagioat (2Pahkt saihelot (B8R)e (63) positioned on an
i nner surface (25) of said duct (61 ) and adapted to
direct said liquid portion (29a) to said slot (62). 3.
The &ppar dhesappfargiugiahClainmize mbiereis saitl ridgie €63)08)ersects said
sdiiessects said slot (62). 4. The apparatus of Caim
2, wherein said ridge (63) and a surface of said flow
(29) forms a ridge/flow angle (37) between about 10

énd_ abogt I_ﬁ@]-cap%all;éibg ofBRAMAE, WheRbindddid A8Ge B53) e Sirface of
ainms 1-4, further
said flow (29) forms a ridge/flow angle (37) between about 10° and about 70°.

5. The apparatus of any one or more of Claims 1-4, further
comprising a sump (64) positioned radially outward from said slot (62) and

attached to with said duct (61).

6. The apparatus of any one or more of Claims 1-5, further
comprising a swirl device (32) positioned upstream from said slot (62).

7. The apparatus of any one or more of Claims 1-6, wherein said
duct (61) has a bend (28) and said slot (62) is positioned on an outer side (33)
of said bend (28).

8. The apparatus of any one or more of Claims 1-7, further
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conprising a sunp (64) positioned radially outward
fromsaid slot (62) and attached to with said duct

W@ 8dy/088B26 The apparatus of any one or nore of BIHUAR06/046196

1-5, further conprising a swirl device (32) positioned
upstreamfromsaid slot (62). 7. The apparatus of any
one or nore of Clains 1-6, wherein said duct (61 ) has
a bend (28) and said slot (62) is positioned on an
outer side (33) of said bend (28). 8. The apparatus of
any one or nore of Clains 1-7, furtherconprising at

| east one upstreamridge (63b) positioned on said

i nner surface (25) and upstreamfromsaid slot (62),
sai d upstreamridge (63b) having a gap (43). 9. The
apparatus of any one or nore of Clains 1-8, wherein
sai d apparatus conprises at least two slots (62). 10.
The apparatus of daim9, wherein said two slots (62)
canepripincpt least ppaawstream ridge (63b) positioned on said inner surface

(25) and upstream from said slot (62), said upstream ridge (63b) having a gap
(43).

9. The apparatus of any one or more of Claims 1-8, wherein said
apparatus comprises at least two slots (62).

10.  The apparatus of Claim 9, wherein said two siots (62) are axially
aligned.
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