WD 2007/ 089326PCT/ US20061046196 DUCT WALL WATER EXTRACTOR GOVERNVENT
| NTERESTS 5 [001] The invention was made wi th Government support under
contract nweRes7/BERB0O7- 03- D- 8006- 0013 awar ded by t he UnPGEUS28064k 6196
Air Force. The Governnment has certain rights in this invention.

CROSS- REFERENCE TO RELATED APPLI CATION 10 [2] The present
application is related to issued U.S. Pat. No. 6,331, 195, issued
Decenber 18, 2001, which is incorporated herein by reference.
BACKGROUND OF THE I NVENTION 15 [3] The present invention generally
relates to liquid renpoval apparatus and, nore particularly, to duct
wal | water extractors for aircraft environnental control systens.

[4] Entrained noisture in environnental control systens (ECS) is
transported 20 through the conditioned air ducting at various points
in the system If this entrained noisture is not captured and drai ned
away it can cause excessive noisture in the cockpit and/or avionics

bay. DUCT WALL WATER EXTRACTOR
GOVERNMENT INTERESTS
5 [oo1] The invention was made with Government support under contract number
DAABD7-03-D-B006-0013 awarded by the United States Air Force. The

Government has certain rights in this invention.

CROSS-REFERENCE TO RELATED APPLICATION

10
[002] The present application is related to issued U.S. Pat. No. 6,331,195, issued -
December 18, 2001, which is incorporated herein by reference.
BACKGROUND OF THE INVENTION
15

foo3] The present invention generally relates to liquid removal apparatus and,
more particularly, to duct wall water extrdctors for aircraft environmental conirol
systems.
[004] Entrained moisture in environmental control systems (ECS) is transported
20 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
25  that swirls water droplets and particulates to the enclosing duct wall where they are
drained away through sfots 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 pehalty for the cleaned air flowing through the
30 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
-1=



[ 5] A dual scavenging separator is described in U S. Patent No.
4,179, 273. The discl osed separator conprises a conical feature with
an ext er nawospov@b32bl ade 25 that swirls water dropl ets EIWUS2006/046196
particulates to the enclosing duct wall where they are drai ned away
t hrough slots in the wall into an external sunp. A limted nunber of
slots in the cone provide a flow path for the cleaned air. Although
the described separator may capture entrai ned noisture, the tortuous
and limted flow path area i nduces a significant pressure drop
penalty for the cleaned air flow ng through the 30 device. The
pressure drop results in reduced ECS capacity and/or engine
efficiency for sone aircraft applications. [006] A liquid separator
assenbly is described in -1- WD 2007/ 089326PCT/ US2006/ 046196 U. S.
Pat ent No. 4,769, 050. The discl osed assenbly conprises two tubes
(inlet and outlet) whi ch are crinped, closed, perforated and housed

i thi Th fl
thr ough-t MECHEPRGH B SrB0R: TeceiSrBr s panp oAl rEPr T e Lt Briet o
second t ubsitiet)y wdigih btes cpmpéd,r absetm,s perfdretdnl and drouded phittins earsarroundmg
separat ed Rl fde T%r# lnBY é;ﬂﬁﬁ‘SnS Ghe b ag&%e{heapgﬁ&a??ns fhto the

way. Unfortunatel SO |n uces ican
pr essure (ﬁnébsﬁ@n@'ﬁf?b&faﬁgéd eayter?c éhe @ﬁ@@lﬂj@%&ﬂblﬂgh ite dbeffloatiopat hThe

area. Boi AvdtedtopletPgreSRipartd ﬂenﬂtﬂéla@ﬁndvhmthé%%loemb dh%ﬁwerr%n& *a?alﬁéé
flowto gothr is describ u. S

’%h a redotﬁed ai rflowg
No. 5,302 2¥%Y- Yirgrtiatelyohis assesibbyalsa jpduses @ S'WMPE?SSPWRP&%GW
fl ow ent ercausat] byitatgedus hadhmited aﬁgem'th alelay, inducing a cent ri fugal

subsequenty luy s hTeHE SEERBLER vitel b HopS RENERWIE the AN taw fo 0o
drain t ubéhm'lfaie agreidgged pirflemw\nath i desrsibedrin d4.SofPatand N}heﬁrﬂi& 3@here the

is diggct %CIJ&E:QUg@pa"}afdr' ttﬁé @E%‘Fefbtdehh% '?ISWD\é‘ﬁﬁar aéﬁ' Eh'llagteﬁs cﬂﬁh%ér

to the air belng scha fromt evi ce,
filter el &hamt 'Hdue‘é'éc"%ﬂg & gatriiugshforse cyligh edferﬁép*hﬁewa!ef ydremetshte the
dri ed air chhmber wdtliahi sn%équentlghuﬂandm/tmebdt&fwae& chagibdiiag dM tHroagh

| arge vol Waln BU q'\p{etc'?ﬁdsflp lg)roegé ?J' t e%&%wf thg %[1 l%g alﬁ)fvﬁ!?'r@c# [fdirected

appl i cations, ere i S ace ces
ent r ai ned t'WQt'@h adfilier telerpend ibafo@mqyga I@aﬂ@ctdﬁteh@ﬂdmm theasid being disstgeged

vol ungsc h%&hﬁfhewucﬁomm&lﬁ%é@%e flt@PelEF}Qﬁl Heuea RRnfRER pr&&ﬁfr& dkéh

a need for _a ter se arato d&‘i‘{% does not require

expansi onPgpal 'P? IW“?’]&P ?PA}EQY'e N devies é‘?q‘Frreﬁrﬁ £hamber with a
stream Bwrgelsre!utrieetoaammecﬁepE@oaltbfdcaw | Borcgdnhé amd:raﬂaappﬁéalbns there
extracti og @ﬁ\t’éa‘: 4 t V. Ee ai rf

needed. i i Sp af%) Q&ﬁé %1%0?3?{&% %: eiﬂé'é]ngﬁs\&r%{er él.ﬁe H‘erﬁ&?% packmg
conpact de‘éh@’ﬁww ?@é@@dargswomww MENPNEENTERON.

20 [008] As can be seen, there is a need for a water separator device that does not
require a volume expansion or seftling 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.

25

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
30  slotpositioned longitudinally-along the duct.

[010] In another aspect of the present invention, an apparatus for extracting a
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[9] In one aspect of the present invention, an apparatus for
extracting a liquid portion froma flow conprises a duct adapted to
recei ve t hwofZoovasorad at | east one 30 sl ot positioned |mrwmus2oebimaelby
al ong the duct. [ 10] In anot her aspect of the present invention,
an apparatus for extracting a WD 2007/089326PCT/ US2006/ 046196

liquid portion froma flow conprises a duct adapted to receive the
flow, the duct having a slot; a sunp positioned |ongitudinally along
the duct and in flow communication with the slot, the sunp adapted to
receive the liquid portion; and at |east one ridge positioned on an

I nner surface of the duct and intersecting the slot. 5 [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
sl ot positioned on an outer side of the bend and positioned parall el
to a duct axis of the duct; at |east one ridge intersecting the slot;

and a su in co t with the duct and desjgned to encl ose the sl ot
fhe ounn i Gt Hogbe: Yav BOmPSes Sndy SRR 1o EoB Ve, P8 T th duot
m'hxt ure. hatidh aheké anciuot;hqrosmeaédlrlesgztmfwgt alo&gdﬂjﬂi\ﬁﬁﬁt ]iciagﬂs i®fflow
t he prese j c ter rstood. with. rence,t
the For 1 odmsificiioR Tt e 67 B h cibpAE SbQRE s blyd EuEpRTSE P
OF THE DRA®Sshicse rlpg%poatigmcborlam smgr seifraeenfitoe dictgandiintefsealing the slot.
envi r ogend-fdy COpyf sl arﬁiﬁéﬁé@p@@?@f %”&egéﬁtqﬂ\?&rﬁghogﬁ Ipparafls &ct}ﬁpnses a

present | nvent I on,; ] gure 'S per spective view 0
i qui d extrakiesresidad gl hvé,"%ﬁso'ﬂemfe &wo@}eﬁt ReMiNg Gt bend %F*@%@?ﬁ'tioned on

i nvent i onan qulé& sidé gfitte Berds aad positsngrepraRe tth \eedwt ewisvdfane dube at least
extractor oﬂfe rﬁiggli'ﬁtgrs%cﬁr@& the slot; and a sump in contact with the duct and designed to
enclose the slot, the sump adapted to receive a liquid portion of the liquid/gas
10  mixture.
[012] These and other features, aspects and advantages of the present invention
will become betier understood with reference to the following drawings, description
and claims.

15 BRIEF DESCRIPTION OF THE DRAWINGS

[013] Figure 1 is a schematic diagram of an environmental control system
according fo one embodiment of the present invention;
[014] Figure 2 is a perspective view of a liquid extractor according to one
20 embodiment of the present invention;
[015] Figure 3 is another perspective view where the extractor of Figure 2 has
been rotated fo view it from the inlet;
[016]) Figure 4 is a cut-away rotated view of Figure 2;
[017]  Figure 5ais a cross-sectional view through line 5-5 of Figure 2;
25 [018] Figure 5b is a cross-sectionhal 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
embodiment of the present invention;
[020j Figure 6b is a side view of the swirl device of Figure 6a;
30 [o21] 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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been rotated to view it fromthe inlet; [16] Figure 4 is a cut-away
rotated view of Figure 2; [17] Figure 5a is a cross-sectional view

t hrough | i W@ 80%08ef26 Fi gure 2; 25 [018] Figure 5b is a crBSRESeTHH6I6
view through line 5-5 according to anot her enbodi nent of the present
invention; [19] Figure 6a is a perspective view of a swrl| device
according to one enbodi nent of the present invention; [20] Figure 6b
Is a side view of the swirl device of Figure 6a; 30 [021]Figure 6¢c is
a view through line 6¢-6¢c of Figure 6b; [022]Figure 7 is a
cross-sectional view through Iine 7-7 of Figure 2; WO

2007/ 089326PCT/ US2006/ 046196 [23] Figure 8a is a cross-sectional
view of a portion of a duct according to one enbodi nent of the
present invention; [24] Figure 8b is a cross-sectional view of a
portion of a duct according to another enbodi nent of the present
invention; 5 [025]Figure 9 is a perspective view of a liquid

e et SOUPBAS! Al 5 BOF cRIBER il F gRREAGHa WONSRELAD 41
embodiment of the present invention;
[024] Figure 8b is a cross-sectional view of a portion of a duct according to
another embodiment of the present invention;
S [025] Figure 9 is a perspective view of a liquid extractor according to one
embodiment of the present invention;
[026] Figure 10 is a view through line 10-10 of Figure 9;
[027] Figure 11 is a perspective view of a liquid extractor according to one
embodiment of the present invention;
10 [028] Figure 12 is a close-up view of Figure 11;
[029] Figure 13 is a perspective view of a sump body according to 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;
15 [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;
20 [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
25 embodiment of the present invention;
[039] Figure 23 is a cross-sectional view through fine 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 fo an embodiment of the present invention.



[27] Figure 11 is a perspective view of a |iquid extractor according
to one enbodi mrent of the present invention; 10 [028]Figure 12 is a

cl ose-up viveroofoskizgure 11; [29] Figure 13 is a perspertT/veeocsiodsioef
a sunp body according to one enbodi nent of the present invention,;

[30] Figure 14 is a rotated view of Figure 13; [31] Figure 15 is a
cross-sectional view through line 15-15 of Figure 14; 15 [032] Figure
16 is a cut-away view of a portion of a liquid extractor according to
one enbodi nent of the present invention; [33] Figure 17 is a
perspective view of a liquid extractor according to one enbodi nent of
the present invention; [34] Figure 18 is a close-up view of section
18 of Figure 17; 20 [035]Figure 19 is a close-up view of section 19
of Figure 17; [36] Figure 20 is a perspective view of a sunp cover
according to one enbodi nrent of the present invention; [37] Figure 21
Is a cross-sectional view through line 21-21 of Figure 20;

[38] Figure 22 is ap Y ' ording to
anot her 25 enbodi nent %ﬁ%@gbpﬁgégﬁwﬂﬁ\%?% W@g].l%&l?gure 23 is a
cross-sectional view through line 23-23 of Figure 22; and [40]
Figure 24rdaaya fHipvidibasdg eé:aﬂedwgfea%takfﬁﬁfg el bég &r}énay'&n@ﬁﬁlé%

froma flow according to an enbodi nent of the present invention, )
2007/ 089390BeE £f 18989 G4k hggnvention. The description is not to be taken in a limiting

5 sense, but is made merely for the purpose of iliustrating the general principles of the
invention, since the scope of the invention is best defined by the appended claims.
[042] Broadly, the present invention provides liquid separation devices and
methods for producing the same. Embodiments of the present invention may find
beneficial use in many industries including aerospace, automotive, and electricity

10 generation. Embodiments of the present invention may be beneficial in applications
including aircraft environmental control systems (ECS) and heating ventilation and
air-conditioning (HVAC) duct systems. Embodiments of the present invention may
be useful in any liquid/gas separation application.

[043] In one embodiment, the present invention may comprise a water extractor

156 device having two primary features for removing entrained water from the interior
wall of an ECS duct. The first primary feature may comprise a slot in the duct wall
that is oriented longitudinally along the duct. An enclosing sump may be positioned
on the outside of the duct and over the slot. Unlike the prior art, the longitudinal
orientation may allow the extractor to fit in the aircraft better than a more traditional

20 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.

25 [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

30 slot using Coanda effect on the downstream side of the ridges. Unlike the tortuous
and limited flow path area of the prior art, the fow profile ridges may not induce a
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 041]. The foll owi ng detail ed
description is of the best currently contenpl ated nodes of carrying
out the i nWORMNEII3ZFhe description is not to be taken | PCHUS20HMHTIG 5
sense, but is nade nerely for the purpose of illustrating the general
principles of the invention, since the scope of the invention is best
defined by the appended clainms. [42] Broadly, the present invention
provides |liquid separation devices and nethods for producing the
sanme. Enbodi nents of the present invention may find beneficial use in -
many industries including aerospace, autonotive, and electricity 10
generation. Enbodi ments of the present invention may be beneficial in
applications including aircraft environnental control systens (ECS)
and heating ventilation and air-conditioning (HV/AC) duct systens.
Enbodi ments of the present invention nmay be useful in any |iquid/gas
separation application. [43] In one enbodi ment, the present
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70, as depigeked. in Fi gure 1. The liquid extractor 60 may be
p05| ti oned downstream from an exi sting, ECS wat er separator 72, The 5

li qui d exPrEEt o NEEURRGT RuICh @st bt BWHﬁﬁ‘. 12 &N SRS Wiieh may qamprigg@ tube
syst e20 74shapbé struciuiednavitg as irdet ﬁ)ariman beﬂeﬂczm tTHeNdithenpivhs ©Athef dueisd

cockpi t fthWer@ a%%dé'lg{: d%Ber‘?(y Rr{hg %pphca\{von 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

25 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

30 io 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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[046] The |iquid extractor 60 according to an enbodi ment of the
present invention is depicted in Figures 2- 4. The liquid extractor
60 may conpiower/wIaact 10 6t at | east one slot 62 (see FTUSW0cAKG196t

| east one ridge 63 and a sunp 64. The duct 61 nay be designed to
receive a flow 29 conprising a liquid/gas m xture. The slot 62 may be
positioned longitudinally along the duct 61. The ridge 63 may be
positioned on an inner surface 25 of the duct 61 and designed to
direct aliquid portion 29a (see Figure 3) of the flow 29 towards the
slot 62. The sunp 64 may be 15 positioned radially outward fromthe
sl ot 62 and designed to receive the liquid portion 29a. Although the
enbodi nents of the |iquid extractor 60 depicted in the figures
include at | east one ridge 63, it is contenplated that the invention
may al so | ack the ridges 63. [047] The duct 61, such as, but not
limted to, an ECS duct, may conprise a tube 20 shaped structure

ey v 3" S AP e B, 07 i TR B e b
exanpl e, Gnavilguoay ditectdhe liquid poricama®a abthedivowf9 1@vards tiod emeandrface 25

di aneter ofuyphQike3. 0 i nches for some ECS appl cations. The duct 61
may corrprl se various materials including, but not limted to, sheet

metal and[}43st i Ehe Ayt %W@vaﬁﬁw%at%ﬂgemﬁ@%@e@ Figures $ads), coshrasse
al unmi ngm sthie swiﬂl etan@ 6Tﬁaswh¢d@l@§é QEQHa;F Be rp6§|ﬁbs¥&i &,ksgrefahpwo.%%emﬁ 62.

flow 29 rious ture such as a water/air
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28. As t héhd boid Beurpascwstetr-lmtqn:agriset tiie=dtion do@8ng |dbwht;ﬁreémf OTieee gentiijugal
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t owar ds t mvnmtheshmﬁzﬁh tizs swirl cﬂd%cedarbtboﬁithe bend 28 and the swirl device 31,
or neither the bend 28 nor the swirl device 31 to direct the liquid portion 29a of the
flow 29 towards the inner surface 25 of the duct 51.

15 [050] The liquid extractor 60 may inciude at least one slot 62, as depicted in
Figure 3. The siot 62 may allow for capture of the liquid portion 29a of the flow 29,
which may be traveling on the inner surface 25 of the duct 61. The slot 62 may
comprise a slit through 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

20 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 resuiting from the flow 29 and associated
pressure.

25 [051] 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 fo, approximately 0.15 inch for

30 -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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[ 049] The duct 61 may include a swirl device 32 (see Figures 6a-6c),
such as a 5 static swirl vane. The swirl device 32 may be positioned
upstream f WOrR0esoxbot 62. The swirl device 32 may i npak@T/E82006/046196
centrifugal swirl on the flow 29. In Figures 3 and 4 the swirl is in
a counter-clockw se direction | ooking dowmstream The centrifugal
swirl may cause the heavier liquid portion 29a (e.g. entrained water)
of the flow 29 to be separated froma lighter portion (not shown)
(e.g. air) of the flow 29. The 10 centrifugal swirl may throw the
entrai ned water downstream and outward towards the inner surface 25
of the duct 61. Enbodi nents of the liquid extractor 60 may conprise
the bend 28, the swirl device 31, both the bend 28 and the swrl
device 31, or neither the bend 28 nor the swirl device 31 to direct
the liquid portion 29a of the flow 29 towards the inner surface 25 of
t he duct 61 15 [050] The liquid extractor 60 may include at |east one
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reduce t heetwepndsargtaticbes. of t he duct 61 resul ting from the flow 29
and associgbped Prifssidf %&ﬁ%b@%sﬁmeg:ﬁgﬁdﬂﬂérgd flnﬁ’é bg?ub%gfor

o

vary with application. nal m cS ana

may be us@pricatigns 'B@PEPWH‘P Rgnd g8 JW%‘@I%abpePﬁé’t@P%ﬂ C“B**Z“Sr1
appl i e@t i @@asswity dedie 02, - éppﬂlbétldﬁg ﬁ%mm theS @R ABPIckCEL.I OPSr FBihe

h | ot 62 t dt F 5 f 1

than aboutPricaistithe S dngy Shmitite MOPRAEa Bl o 80d nermPbs g1ay
appr oxi mabe pysiforiest axialy indine3gitls trspedt tocthafduchpys iB0atAlensativelyr treosiets
applicati @é‘ﬁwaﬁt%éfl Pb’é:ﬁi}fé‘a ﬁﬁér&t’ﬂét @o EQ& BEH"éF aﬁéutnﬁ’% éﬂﬁurﬁfe%’r‘?éet tlgfotﬂglqup%

the slot w dt I'n he s
2007/ 08932% P@V@Sﬂ@@@imdﬂ%'%& @%P%Pwﬁen%wall@m qiallyi stagarsed.

Z Srrp 1. tﬁx&e@mb\ee aﬁidlrrtpoélwrbn@ Q)‘ﬂctﬁe gots réss wdy {dytwith |abtﬁht&a@toﬁ0értd Ay
a reen rn uc m esu UCLI O
extract orgecﬁnl A% %8%rs ‘ﬂ? ‘glFr?L'B?“?‘ﬂ'é gﬁ'ﬁt&b‘g 6%&5’/‘835‘? §°'§HBSIR%/°" the

depend onﬂdva29ors i ncluding the dianmeter of the duct 61. For sone

applicati t h%e' i fUs, Qxl?écto';r é@‘?’na%} ﬂbfu@lg éﬁéﬁaﬁeor%bl%ﬂe B51uad dé@f% in

greater t an t he_di anet er of . For exanp a duc
havi ng a B9ws ?mEha|"§ﬁ§t6é"rm%9°mﬁ6$%aé'd@%afvépe@ztrh@wm@ahe*t@n@s radially

bet wezn 4din@afll fromn&BaSner 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

25 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 liguid extractor 60 may comprise two or more
ridges 63 parallel to one another, forming a group of ridges 63. Ridges 63 within a

30 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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[ 052] The sl ot 62 may be positioned on the outer side 33 of the bend
28, for applications including the bend 28. The slot 62 may be

posi t i onedwéoeistEam from 10 the swirl device 32, for HINS20EMHE06
including the swirl device 32. For sone applications, the duct 61 nay
conprise nore than one slot 62 and the slots 62 may be positioned
axially in:line with respect to the duct axis 30. Alternatively, the
slots 62 may be positioned parallel to each other about the
circunference of the duct 61. As a third alternative, the slots 62
may be positioned parallel and axially staggered. 15 The nunber and
positioning of the slots 62 may vary with application and may depend
on factors including the dinension of the duct 61 and the conposition
of the flow 29. [053] The |iquid extractor 60 nmay include at | east one
ridge 63, as depicted in Figure 7. The ridge 63 may conprise a

ri dge-shaped structure that extends radially 20 i nward fromthe inner

f . , | al__heigh f id 3 . b
bot ween aBBarIY sl Fmaee s aBiope et of ke b Thet PRmelP. FE!ign
35 may be egiatior Bmayteomprigeorédanoup di cidgesiohi towbrdsdbe sipatreamn temdt 40bof
flow 29 i pd bt diGhngbn BG4 of Rabed BS tblA98 8 JWRSELSmIdE 4] BHi

0 tﬁe FI @ %e sl ot . The ridge 63 nmay Ee

portion 29a ow owar ds

formed by SiphBRo & semsorBbodimenisx fpraxempliewhen the duelitGlabasa bend 28, the
t echni guegrdiipy dIFdHSLE3 hayHAR bedRralletd b8 BRer. AThinAbiVAd/poditing

r2|5dg](ca ,? ﬁ e Mr?c@%{sl)%% na%ays BQHyF\’:wfﬁ apn[;ﬁiggllionaért: r%gsgie}:)gn Qr? fécrt]grgrinégéittlg? 81%
dimensions of duct 61 and the length of the slot 62. For some ECS applications, the
liquid extractor 630 may comprise {ess than about fen ridges.

[D55]  Atleast one ridge 63 may intersect the slot 62, as depicied in Figures 3 and
10 11. For some embodiments, the ridge 63 may intersect the slot 62 at a position at
least about 2.0 inches upstream from the downstream end 41 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
circumferentially along the inner surface 25 such that the ridge 63 may be about
15  perpendicular to the duct axis 30, as depicted in Figure 8a. Alternatively, the ridge
63 may have a swirl orientation relative o the duct axis 30, as depicted in Figure 8b.
The ridge 63 may direct the liquid portion 29a to the slot 62 where it may be
captured. Some embodiments may further include at least one non-slot-intersecting
ridge (upstreamn ridge 63b} upstream from the slot 62, as depicted in Figures 9 and
20 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,
25 63b and the surface of the flow 29 may form an angle (ridgefflow 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 appiications
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
30 and may depend on factors including the diameter of the duct 61 and the velocity of
the flow 29.
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The net hod of providing the ridge 63 may depend on manufacturing
preference. [054] Sone enbodi nents of the liquid extractor 60 may
conprise tWO 297888326 ri dges 63 parall el to one anot her ,PGIIBIEDIOP46196
group of ridges 63. Ridges 63 within a 30 group may be spaced axially
from one anot her by a m ni mum axi al di stance 42 of about 0.35 inches,
as depicted in Figure 7. Sonme enbodi nents of the present WO

2007/ 089326PCV52006/ 046196 i nventi on nay conprise nore than one group
of ridges 63. For exanple, the liquid extractor 60 nmay conprise one
group of ridges 63 towards the upstreamend 40 of the slot 62 and
anot her group of ridges 63 towards the downstream end 41 of the slot
62. For sone enbodi nents, for exanple when the duct 61 has a bend 28,
the 5 groups of ridges 63 may not be parallel to one another. The
nunber and positioning of the ridge(s) 63 nmay vary with application
and may depend on factors including the dinmensions of duct 61 and the

length of [(}6%? | I%e & thel1Bl B8 Qphtﬁgﬁ ?&8@ ué to'u? nbpf'ﬁnit%tgty[ ® 060 inches

extract or npri se 'ess t
one ri dgefos:somEcﬁta@pé@aitonshw%ﬂme R 639§n@hepmug@| MR Reidencs tomi

10 11. FORow QG 2oh af M 611 hlfher l‘i&%G@%éWay ?ftﬁ@@ﬁe ﬁélﬁ‘d $bRiontba

at a pOSItIOﬂ at | east about 2. S upstreamiromthe downstream

end 41 of (&-eweiep) ogshe ﬁﬁé'"?tr%?g% 56*3’ talpe; iiHde §2cP5R i dp Hie BV Riessire
angle gri ﬂ@&a‘ Srleatedangles adé thd iRkl pdraon 29a atiyalintorgfine rid§é 68 pE3teas: to

o oont o fid defhee BB 8P Al Yiad Dok 2088273, Y LR naption 29p rumping
may be abe@ngllifﬁ fdgped ayiass throughihedieltS2aaridkerger thesugdwmlitt ed in

Fi gure 8ayg sb?t erfid i8b Y64 dehiRe 'hh&#ﬂeexﬁ%ctﬁﬁlﬁo lfc@mﬁﬁééla BUERR ﬁ&uhﬁ a
relatlve duct axis 30, depicted in gure . The ri

may dir ec?”fﬂﬁéar’ithﬁ? @dgBtedite ﬁe%‘ff’ t"@ liayis gerien & a\Mﬁé'P%ﬂW 280§s nglctw
capt uied. m‘:”ﬂg&reerﬂmmmem ThesymblE4 ey conprisda dtuchigadtiat@neloses the slot

ot 62, 62 G S T PGP o R a e R TR oD B FERe L Ky
may concesbtentte sunep.lcayty 47. pbhe sump 84 rody bﬂeosltlow@@dsauym}waxd dam 4@,
as depi ct %@t b2 ahli AbEnekPto tﬂ@)ﬁu%f ”’F%E’@rﬁa ﬁnagtcemgh% é'bgﬂg nfétber 38

and/ or at a strateglc_position

redir ect G 2 |cPYel MEFBEE P RS ARRIGRRT '?'E'dfﬁftalﬁ'dr‘? dge 63, 63b to

gnot h1¥|p (r]I [atyﬁ] S)TH®3 bobylmemnbémess ket dépicted [iﬁmlgid@egix-dgeng;g Cﬁgb?gﬁﬁﬁ
e angl ea_w r , an

our £ age. ortugiter FEe drdeeS ohindhed Rum SN bR pRoTrEn g Rel b e

bet wveen atyettbelio flawdcatiounicaton vith @Iémlmbw 44 aEidppicted Bdigure 18b DuUFimg

some appl h%WﬁhebP@nlhbqg%ﬂ ; Raﬁ%r%cﬁ?véﬂf&iye B8Rt b?sés &é}ﬁ&e@hpﬁbu@@,-

For applications iInc nor.e an one ri 5%@ (?
ri dge/ f1 oW dRgl é’eﬂ’er%{}? maX\PEIBloRecamBUR! ¥ with gé?c?l"*r ZIgeehetgat the
63b. dthe ﬁqd@pbﬁionvﬂ%nme@aszemwmewlw g82) taonbh dled openitd 48rahdniato the

\c/lglpggldt Sn%q‘! aé:%(aé)r 3:%5%&19%18&3%% 20 é?)f the duet 61 and the
[061] The d:mensnons 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 siot 62 to a first inner wall 49 of the body member 38 may be, but nat limited to,
25 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,
30 the second edge distance 48b may be approximately 0.38 inches. The second edge
distance 48b may be large enough that the liquid portion 22a does not reenter the
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WD 2007/ 089326PCT/ US2006/ 046196 [58] Due to the |l ow radial height 35
(e.g. about, but not limted to, 0.060 inches for sonme ECS

appl i cat i ow$)200%/488326i dge 63, 63b may produce m ni mal r eRCBUSMBA46i06
air flow (flow 29) in the duct 61. The ridge 63, 63b may capture the
liquid portion 29a (e.g. water) on the downstream side of the ridge
63, 63b due to the |low pressure 5 zone created there, and the liquid
portion 29a may run along the ridge 63, 63b due to the relative angle
of the air flow (ridge/flow angle 37). The liquid portion 29a runni ng
along the ridge 63 may pass through the slot 62 and enter the sunp
64. [59] The sunp 64 of the liquid extractor 60 nmay conprise a
structure having a sunp cavity 47 adapted to receive the liquid
portion 29a of the flow 29, as depicted 10 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 slot 62 fromthe duct 61

may enter th .__cavit 7. The s 0Si t|o ed radially
outward f Ptgﬁf(?ﬁgﬂg\%feagfxéﬁ aﬁ%ﬁ%"dtyt“gqpf?é’gédﬁ? d%‘i ﬁﬁ 64 may
conpri se §0%€R]dy Weeribedy 38=raber 38,caw depictenbior FigbresaSa cadi B4 edhyi include a

Figures 2 ré\‘aﬁw%; wa? 51 06fleT136aiAY ﬁ{aygz%mpﬂi% de DG (%t&rg,- b%gﬁhggmm

13-15, nm eastructure havi ng rainage ori
openi ng 49’9 Fyrep d‘ﬁ‘d‘%&ﬁé"éﬁcﬂgdéezl@%?f Be siat $2 ofy BoeRdgirea be areatach

a drai s bostvedh, thaset@ﬁmﬁvani 5H ikl BURRribE sufhittd moﬁ&éegmﬁp/mt |‘Fﬁe gutter
opening 4 osi tioned, over

2
o a2t fenibis et B8 Sct the el merrELR R IR e fseiBegs Sice
Slﬁlch t Eat 486h &o? Soinecapplications,i the ré8airigheal pBs say diloerhée beccﬂidﬁdgaastance
thro Vv
i gur o '5a 5 SPBEHOMLCES) Fap elihBle, A SeSiHPedtliblincd °§g§ Al e,
appl i cat i éerusRd f?rﬁppfeé&e?ﬁj‘néfm“ﬂ"ﬁ@ thi f?é?l@'ﬁaw!aa"(;? wdest 62 A f i rst

edge dpst 48phadTRAGH REMePad, ey 8k hte@ZmI P.g@rég Q@IZS Hh&Y clﬂ@lbhsé"%
of the bo ed to, bet ween about

nber 38 ot
0. 20 i neh&luSiHi ateried 4o ﬁthéﬂgg ydB @%&BI nr\:?anﬁeerslavd%wssm
ECS appl i cateromembichessf mast bedgaeslgmesttanbe widdedrdy the gy owimter ey as

2 Lcons. BhpbeARiR0LSE S8 peL o on Bl AR B LIRS ek
to, betweéf M@k designed to be brazed to the body member 38, as depicted in Figures 5b,
15 22 and 23. In another alternate embodiment, the cover member 39 may be integral
to the body member 38. The design of the cover member 39 and the body member
38 may depend on manufacturing preference.
[064] A method 100 of extracting a liquid portion from a flow is depicted in Figure
24. The method 100 may comprise a step 110 of passing the flow 29 through a duct
20 61, a step 120 of directing the liquid portion 28a of the flow 29 towards an inner
surface 25 of the duct 61, a step 130 of directing the liquid portion 29a towards a siot
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 é
duct of an ECS. The step 120 of directing the liquid portion 293 towards an inner
26  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 fowards a slot in the duct 61 may comprise running the liquid
30 portion 29a along at least 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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i nches and about 0.50 inches, as depicted in Figure 5a. For sone ECS
applications, 30 the second edge distance 48b may be approxi mately

0. 38 i nchewo fMm0s3x26ond edge di stance 48b may be | ar ge BCIOUSPOd 116196
the liquid portion 29a does not reenter the WO

2007/ 089326PCT/ US2006/ 046196 duct 61, but instead exits the sunp
cavity 47 through the drainage orifice 46. [062] The body nmenber 38,
as depicted in Figures 5a and 5b may include a retaining wall 51. The
retaining wall 51 may conprise a structure positioned within the sunp
cavity 47 and along the length of the slot 62. A gutter 52 may be
created 5 between the retaining wall 51 and an interior surface 53 of
the sunp 64. The gutter 52 may capture, retain, and direct the liquid
portion 29a towards the drainage orifice 46. For sone applications,
the retaining wall 51 may all ow t he second edge di stance 48b to be
reduced. For exanple, a second edge di stance of about 0.38 inch may

be reduceq [ 0X%.0. 28 i en.the retaining wall 51 is
incIuded.%fgﬁﬂgggfﬁﬁ%aE@b@?nﬁgﬁ%gwﬂ§§?”5§%%épicted in Figures 20-23,
may conpri[888la sAsustrube apgegriated thy thbsackilled in Hiee okl therpmésent 38/ention
sonme enbog] : 39 y -I%@'!gﬁﬁg}t

t he body ?{gﬁégfs’s gg?'%ggg 3%‘%!% ,?g@gﬁéfsﬁ Jﬁ eksj n@é, and 2 %nﬁ@"nrg\@nnd ok
al t er nat e SEMBENARIACT theeresenidrventiopde beefiegliveheusrdngivglopg gepstrained
brazedst o atpﬁmzdmely. Mefd @lot Hhd AdgsleRisighesk e Fle@HRE hvehtion! pro@deaNfhuid
i egral CEHRRLBEL SR Greras SR aedPEFBEN it Mtmber 39 and
the body rfeédjer B&houly keprdeistond neimeusss, tivdtrige forefeing neletes[t6 @tmplary
et 0 0nfocHAESH ettt AL ARSI Ay bWk R hESly
29 thr ougﬁm&‘ hespint@ngd scope §%/'é'9 invegption agispiierth iy theneliowing iC@?fp%r tion
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 sunp 64. The
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step 110 of passing the flow 29 may conprise passing a water/air

m xture through a duct of an ECS. The step 120 of directing the

l'i qui d porfpam7A8ea¢ owards an inner 25 surface 25 of thecmusbodilsgy
conprise inparting a centrifugal swirl on the flow 29. The step 120
may conprise 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 QG CfAtvifecting the liquid portion 29a towards a slot in
the duct 61 may conprise running the liquid 30 portion 29a al ong at

| east one ridge 63 on the inner surface 25 of the duct 61. The step
140 of capturidg th&n|dpgaeds dor ekastizDa liqrid petiiep @4n&gmcoiomi §9)

fl ow ng theH1 %/1\9 007/ 089326PCT/ US2006/ 046196 |iquid portion 29a into
a gutter 52"t Tie sunp 64. [65] As can be appreciated by those
skilled in the art, athve (1) edeptet] t6 reveind sagitlgw @9);des i nproved |iquid

extractors. The | ongitudinal, s configuration,allows, enbpdi nents of
the present inventi&i® o%élgf(%oﬁﬁgﬁﬁqﬁ%tad?lﬂlyelf‘?lfgllv%boesaécgﬂ%? tag)f]%ed
5 appl i catsardsect (F1)esasd Qbt (BNRxtridtige sAE RGN p&tion (202)FFc@s &hid flow(ENdnan

provides liquid extractors that can be used jn straigh nd/ qQr ow
sections of a duct.atlfageqmeridse By pesitimed, Ay i8pgs shefacs 2%&3?@%8“@&5

the foregalAgads@lial 8ed: Qi@ KGR baYn BIRPAI sHRNIGE (625, wilkkeih SH@RAYEOQ3 ABd
that nodifications may be nmade w thout” departing fromthe spirit and
scope of tlbeatddrayenesitim wpstreast, frbwra devinsiraamesntl ¢4 1) efvandstet (42)e distapge at
CLAIM least about 40% of the length of said slot (62),

wherein said duct (61) has a bend (28) and said slot (62) is positioned on

an outer side (33) of said bend (28).

2. The apparatus of Claim 1, wherein said ridge (63) intersects said slot
(62).

3. The apparatus of Claim 1, wherein said ridge (63) and a surface of said
flow (29) forms a ridge/flow angle (37) between about 10° and about 70°.

4, The apparatus of any one or more of Claims 1, 2 or 3, further comprising a

sump (64) positioned radially outward from said slot (62) and attached to with said duct
(61).

5. The apparatus of any one or more of Claims 1 or 2-4, further comprising a

swirl device (32) positioned upstream from said slot (62).

6. The apparatus of any one or more of Claims 1 or 2-5, further comprising
at least one upstream ridge (63b) positioned on said inner surface (25) and upstream from
said slot (62), said upstream ridge (63b) having a gap (43), said gap (43) directing water
flow to specific locations within the duct (61) via said ridge (63b).
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1. An apparatus for extracting a liquid portion (29a) froma fl ow
(29) conprising: a duct (61) adapted to receive said flow (29);

at | east owe28dksxH2) positioned |ongitudinally relatimMeErt2osa46h96
fl ow al ong said duct (61), said slot (62) extracting said liquid
portion (29a) fromsaid flow (29); and at | east one ridge
(63) positioned on an inner surface (25) of said duct (61) and -
adapted to direct said liquid portion (29a) to said slot (62),
wherein said rizdge ([hSpppasathsoofitedond on npos of iGlaims pis br ey wHerammnsaid

downstream end gﬁéé?of Siid slof (25), a distance at |east about 40%
of the | erf§PHAYF cUBRriesyt [asttyg plots (62). wherein said duct (61)
has a bend (28) and said slot (62) is positioned on an outer side
(33) of said bend (28). 2. The apparatus of Claiml1l, wherein
said ridge (63§ int &hes @ppasates pf Clate 7, (HB9reln said tweg slofh &2 Asaralll of
Claiml1, w%l §%n said ridge (63) and a surface of said flow (29)
forms a ri ge | ow angle (37) between about 10 and about 70. 4,
The apparatus of any one or nore of Clains 1, 2 or 3, further
conprising a sunp (64) positioned radially outward from said sl ot

(62) and attached to wth said duct (61). 5. The apparatus of
any one or nore of Clains 1 or 2-4, further conprising a swirl device
(32) positioned upstreamfromsaid slot (62). 6. The appar at us

of any one or nore of Clainms 1 or 2-5, further conprising at |east
one upstreamridge (63b) positioned on said inner surface (25) and
upstream fromsaid slot (62), said upstreamridge (63b) having a gap
(43), said gap (43) directing water flow to specific locations within
the duct (61) via said ridge (63b). WD 2007/089326PCT/ US2006/ 046196
7. The apparatus of any one or nore of Clains 1 or 2-6, wherein said
apparatus conprises at |east two slots (62). 8. The apparat us
of Claim?7, wherein said two slots (62) are axially aligned.
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