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WD 2008/ 039376 PCT/ US2007/020499 1 Title | MPROVED

MEMBRANE MODULE TECHNI CAL FI ELD OF THE | NVENTI ON 5
wohoms/asgsrent i on generally relates to hol | ow fi BeT/US2007/020499

menbrane nodules for the use in gas separation or gas

transfer, nore specifically to an inproved nodule

design for the renoval of water vapor from gas streans

or for the transfer of water vapor from one gas

streamto a second one. 10 BACKGROUND OF THE | NVENTI ON

Wat er - per neabl e hol | ow fi ber nmenbrane nodul es have

been used commercially fofillehe dehydration of gas

streans as wel t isture from

one gas streadhygégﬁﬂi%éﬁéwﬁéﬁéﬁkgnts %L§25 808 and

6,616, 735 di scl ose nenbrane nodul es suitable for gas

dehydration 5.] r j S

ref erences éﬁggtﬁmgﬁﬁeﬁkﬂégfﬁpﬁgggﬂﬁpgﬁﬁg§@€

nenbf@nﬁ/ehﬂbn Yeriehgllprelaes toi Hmlbmgfug@smemu?anetmeduaes for
pose of descrlblngéthe ient fe

the D6 BG5S $ePrAUPbot 858 tHESIat S a SPECTAAIRIe 87 THATYS

moéMIé |4y R ThE P& RdvaRbt \Wﬁté}h/atdb? frRPYa’dtraBpas be for the
desi gn concepts_are applicable to the S_separation
trangfer (%afgatﬁr éiﬁ@?éﬁoﬁbﬁﬂ?@é‘tsl%@’ﬂé?@l%‘?@g’ 2%r evi ousl y.
In these nenbrane nodul es, the feed gas containing the
moi sture to be removed flows_through the |umen of the

hol | ow fi ber FéYPF@RQUNR;OREHE BREYIION ows t hr ough
t hw&ﬁgg%%ﬂmlomﬁé%én‘@réﬁémtﬂéﬁ %@etﬂ&n used

wat er per e nenbranes to the shell side of
conmmedially for the dl@hyd tationeeigas streams as welles, antf@ﬁ vagafgr of

molgfue Bl §is L8t ancihdr B PHRIRBSE: Hesghd

er vapor ft per mkat €
6,616,785dtigclose epcmbsane maﬂhﬂew edltablerfol: oas depydeationrand are

nch PRI REHn A BRI 1P LSRGy G108 Et o
meirteahé fiendrgingeachuimidifing gasés.e Fohéhe samz)mumasanibing the
selFL i A hisShiEntig S5 SRrd B Rt U8 raton gocules
willgRCEohdidsred, S\Itﬁ@ﬂ@lﬁ@lﬁ@%e'mbharté‘lmoﬁaﬁ@déﬁgurttorﬁepmw
aPRIBRBIo Y A HERATEUR GG\ G TS eb ComGaUans mprgoned
pre/Rtishf S 1 theésd Biemisfaneahbanan e feke gaeesatning the moisture
to be removed flows through the lumen of the hollow fiber membranes. As the
feed gas flows through the membrane lumen, moisture diffuses across the
water permeable membranes to the shell side of the module. In order to
maintain this process, a dry gas is injected on the shell side of the module to
sweep away the water vapor that has permeated. Often this dry sweep gas is
derived from the dry gas that is produced by the membrane module, although
other sources may be used.

' In an ideal module, not only does the lumen of each fiber receive the
same amount of gas flow, but also the sweep gas is uniformly distributed
around the outside of the fibers and each fiber is contacted with the same
amount of sweep gas. However, in practice some degree of maldistribution of
the sweep 'gas occurs and this results in a loss of performance. To overcome

this issue, either additional membrane must be used or additional sweep gas
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this issue, either additional nmenbrane nust be used or
addi tional sweep gas WO 2008/ 039376 PCT/ US2007/ 020499
wa 20dsm893teist be used, both adding to the cost ®8ETISE007/020499

process. Thus, nmenbrane nodul e designers are

continual Iy devel opi ng new nenbrane nodul e designs to

mnimze the maldistribution of the sweep flow and to

maxi m ze nodul e performance. 5 Bikson in US Patent

4,881, 955 di scl oses a nenbréane nodul e design wth

i nproved shell side flow using hollow fibers that are
flowhablscee hseahplbtlstﬂ adating haltike costeof tHevmoeesheThuscmesbrane

t th ' i t hi
mo@l%gpglq%l?% abeec%r?t rg&'ilgnchvaqlérgs)nﬁ r oﬁé}p%ﬁagl}%l%togeH@esgns
to nRGIPERS ited aldistribetion dfangtsesp ﬂ(b\hanai:ta mexinsiagtrhedule

the hollow fibers of the perneator cell wll vary 10
perfoFPANESe anot her by | ess than about 20.percent” (col

6. HikéssirddsHatent 2,8840085 Aisdidseica hesmbrare adideds design
related to nmenbrane nodul e des;

withyiouaTpEa S0l SHVEW MBI BaleE ST thattdra PalRe g oppd

aroti alddfe. #HARld R chk8 tﬁéﬁth@ré/ linitaBBR b ERL iapproadieis that
gas is at elevate ressures and can exceed sever al

the fibaty etishbe f e$ﬁeetl¢i|ye's@tnréﬂ fenatl. defining esaentially yriform
ord %5, B S Bt ST GR vt s Ll b cBHol o
fronaonel avatheuby laq;éhau @hest 210|1oeer1¢@nb reek@dngs 41-44).

g? gHea%jtl EJ d{ eg)g? n a']ﬁ:?él‘ﬁgées %Eié#%%te%?gg*ﬁ%%\gfef l‘ngﬁhi% design,
the fnnémbm nmntddelletajlmsh bave rtleei nequired etrschuua;ltlutearlty for the
t [
app'{ Ea 8%50 Eﬁ@?g %ggﬁ%&ﬁﬁﬂ tﬁé lgrg%ﬁa { Qell%%(t%él Bg%sswres and
canrmxcyedaée\temalrramchedtdmg pTasspresstice farse desppliektp the face of
t t.o th f.. t
the fifeshedt Brinibus. 8 tiskantes s ERRa s Suctdtd Mlsapity at
thepé @@r@ets airﬂ étf&e‘vatba&bﬁﬂiemtwle:h trettee plmdesdluéerlladuﬂfacturing a
stren et sheet . e i.n, Bi ksan
memhrane MG, tad o NS 26 AMPEdard it aghpepiea The
pregah@éi Gﬁfhé fbér’éﬁn &h@g gﬂitﬁ?iaﬂﬁ?@m? tthﬁTétm¢tnta1rmegtlt)oof the
nMper vi ous materi al an e
tubpeestas e Bollsve Baars areeidrs SRaat ddgehIBe Soength of the
maﬁﬂ’%l ) %@s;mﬁbeﬁiés&h}% orbes88&dribetEBoVSTPIPHENROH S0 ithie

structural integrity of the nenbrane nodul es are
presence efithe hokawi fkers lnnthe fglbﬁahe%& offier qapRRYls M@y also be

preéeﬁt?’% tﬂ%%uﬁ??rgﬁ?eg'\ﬁhléh Qégﬁ% %I) E‘&huc%y"ﬂ'fél Q%T?tﬁmﬁéﬁ@besheet
Forl @yamgleuf\rg;gmn L?S Patent 5, 026y 4?9 anelmlp%ar}wozs\‘\gyer} is shown
embedded in the tubesheet material. The intersection of the impervious
material and the tubesheet results in a discontinuity of the tubesheet material
and thus weakens the tubesheet. Thus improvements in the structural integrity
of the membrane modules are continually sought.

In Giglia, et al. US Patent No. 5,837,033 there is shown a hollow fiber
membrane module comprising a plurality of helically wound layers of semi-
permeable hollow fibers wound on a cylindricalcore pipe wherein the fiber wind
angle varies across the axial length of the module in one or more layers. In
one embodiment, the wind angle of the fibers in the tubesheet region differs (is

smaller) than the wind angle in the active region of the module. However, in
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30 perneable hollow fibers wound on a cylindrical core
pi pe wherein the fiber wind angle varies across the
weaxi@lo3dzngt h of the nodule in one or nore | ayeCcs/uSke7/020499

one enbodi nent, the wind angle of the fibers in the
tubesheet region differs (is smaller) than the w nd
angle in the active region of the nodule. However, in
WO 2008/ 039376 PCT/ US2007/ 020499 3 any enbodi ment of
Gglia, the dianeter of the nodule at the tubesheet is
essentially the sane as the dianmeter of the tubesheet.

any Emixdimech 0bGiglize the diameter ofithe oredulg at the fubesheet is

essqrﬂtailg%?fai e ?% gﬁ? Ea %t)ér o g t%ee?h%ﬁéoﬁﬁﬁht&%e area

eet’ I's conprom se
of théqmﬂtmg it ittoen tubkeithieet Enaddupied btyrﬁbe‘r@mlsg éB\QIEBHeuﬂ‘@

e B I o T Byl A By,
the @é‘@i G pedssire UP? ilveghigheriia this qasevduketd tire greater length
e

n‘groved nodul e sign 10 that overcomes the
of ingsHve fi®eEcri bed defi ci enci es or overcomes sone of the

:Ci[)ntatlons of ghe prior art. In this case holl ow

i bers are wound around a co h

unexpect edly di SEMMARY QEaTHﬁw'@‘YFE&SX(S \éveof a\Eliiekson
d'}% gé é@t]of%lé l%t@rgk'té p‘P&vnH@ fésgﬁmr@sfed ﬁﬁidulleb design

ers to be of essenti al equal length are t
thatrce@m:@@@sahe @ROVRrARSHIPEH. dqﬁﬂe%@r eve'?og’b%% e

Imﬂ%%oﬁ@'@iﬁﬁé%aﬁb?%t QHQh*é" éé%e‘%cﬁlld@@ﬁbéﬁst arnetwben@afound a core.

vari ation % and one with a 70% variation., Both
Howexar we hayatusiexpactasiy d;spﬁu?'@q/thféﬂ@;e tearkiings of Bikson in US

4, 8§‘F @gb@ﬂoeégglgoﬁg |28 7945 FGRq Ry th@@ifﬁérg‘&‘ii B \RSentially

varil ous pr essures and what we
equbb lemgithvase hbbrequirediiardwgrinertiornt Fonesampleld ewdules were

mawif?aah%#ﬂ?ﬁ@é% %géspa {a\gef g%@alglgf‘&ﬁg ‘f@‘g Qﬁﬂ%e with a

70% wariatibn s Badtk noddules cantalnéd appbmmmatdvdhﬂ?é spEHErgn

corER et S5 S B TG 0 o) s
pregmbfarw whatwéOguhe W%e’ﬂthmrﬂhet p@bm‘ﬂaﬁd&oﬁhbeesmodxulbd was

have een expected to, hav
neagRBI G RGT Beg0 bR Ber e et R I TG b factor
of HEA§B.1 The ARrdii eats A XRE airtash mehmradetm@dmlarcgass@steaches
variation in fiber Iengt not 0 er f or nance of
the {REBRNCIS MG o1 Ty of ket BieferiSas SHTTRE fnden
ga§ |a‘P\\H Bk Wriddut i eftha f'o%el@ngm vanaess ef tha fibersadoudld have

ts relative length. This is because the pr
beQﬁ expected to have aglesser performance t 6‘wm a modlﬁ)leevgl?l'luja 13(1/ro?gngth

variation. Again, in our invention, we have unexpectedly found the large
variation in fiber length not to reduce performance of the module.

In Iaminaf flow, the refative amount of flow going through a fiber is
inversely related to its relative length. This is because the pressure drop of
each fiber is the same and the pressure drop is proportional to the product of
the volumetric flow and the length. For example if a module contained two
fibers, one 1 foot long and the second one 10 feet long, the flow in the 10 foot
long fiber would be 10% of the flow of the 1 foot long fiber. In turbulent flow,
the pressure drop is proportional to the product of the velocity to approximately
the 1.75 power times the length. In this turbulent case, the volumetric flow in
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each fiber is the sane and the pressure drop is
proportional to the product of the volunetric fl ow
wanadsidgs7b engt h. For exanple if a nodul e cont aPQ&aSkosG/020499

30 fibers, one 1 foot |Iong and the second one 10 feet
long, the flowin the 10 foot Iong fiber would be 10%
of the flow of the 1 foot long fiber. In turbul ent
flout; the pressure drop is proportional to the
product of the velocity to ﬁpproxinately the 1.75
power times the length. In this turbulent case, the

the valfuu\elpngd“tferuvow!d bacabogs) 1799 tee How indpedfopidived 4

Cerfaﬁﬁly ﬁlg Of? ?\&%{i &?q%éﬁ Q%&@Nﬁﬁ? Snlackr?]‘%é tera%:?wo’ﬁﬁr dif ‘f‘\oF1 FWMive
the ban@t amoant af fewd dwpHyet tlaechfféneluee idipegricomaneeaif\tiee two

sane, am)u$1 rﬁf feed flow, yet the difference in
??W%'Hé@% e two nodul es was insignificant. 5

/-\ddﬁ\ddlﬂ@ﬂéllw in bor ewsdule dekiggrowsiage net lieitedriny tHe wirtdeangle

8 955
as ipgicatt by sy has-Se% EeA B Pogy srad, Thalt SF fig B
relattlﬁ?'I@'He(ﬁ@bil)Y wwmdnaadldseme; Wh'fd ah?lﬁ lﬁrtﬂé%\ctlﬂetaiﬁéa reglon is
ve area region is_  constant wthin
congfag mathin aglawﬁgof fieRsdA @Oé’?ﬂi BM PRS e&ﬁ’reaﬁ E %ﬁwﬁ%m the
othQrt thw NI wind %Wﬁm H’%lﬁﬁme@i ?ﬁh@ttabéﬁ%étﬂarbaethls would

eet area, I's woul result in a S|gn| i cant

resuhﬁﬁuﬁtsmlf capica@moBnt @fueacil\fe f her inthedHbeshegihwiichyadds to
theta‘?noﬁrl&%fQ'HQH{Hr?Hé ﬁ@@éﬁ%@é@g in @Qp?télcdo%@%?tﬁé‘module and

aplta cost o to the | unen and
addsttel thedunenpard shelt sitlecdpresauee @wn&mc&agencprﬁawen the

opqugﬁu@ég%ﬁﬂﬁt 85 eheAgfé’iﬂghglg¥1Mg 'ﬁ%ﬂl% ¥ tEBb§heet strength

eet en reqU|re
anchwbaldythent wbmrbemtargemmmet dimension, fm:theammgaslng the

o peRATRTBE PREFERh: o1 nal “Sweep monbr ane 4l dryel

nodul es were manufactured according to the paraneters
E i n {ﬂbﬁ Table 1. The hollow 20 fibers used were
X 'ctured using the dry-wet phase inversion
Helgzllgegsund Eét'@sideafe@daltdrﬁﬁl swees merabraage dihenparmodules

flud nda 0 [ SO tloncotaln ntan
werg gy S AL PR e TAPY o T Nglipw
fibdrk Reedswé N @ERUfactirRd LSRG tHe Yrpet e iAveRIcH PMdess.
procedures known in the art apd thep us
Watelh @ Graqyiant M@snwrisl 88 therhare Buid|anchg p&inﬁﬁfaﬁ?'i“&'O%
corg n%t?sbl@bh?ﬂ’n&'rﬁ?ﬁsd}@éntt\héﬁ pRARBRA IS thé BnhORR' of the hollow
er wth a hydrophilic
fiber spinneret. The fiber was processed according to procedures known in
the art and then used to manufacture the modules. The resulting asymmetric

porous hollow fiber was then coated on its innef diameter with a hydrophilic

polymer.
Length Average Standard . Active
Variation | Active Length Deviation in Surface Area
(cm) Length (cm) (cm?)
Module A 13% 172.2 : 6.05 1874
Module B 70% 171.8 294 1878

Table 1. Module Design Parameters
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Active Length Deviation in Surface Area (cm Length
wOeogs/03eaT®) Module A 13% 172.2 6.05 1874 ModubPeTBSZd%4020499

171.8 29.4 1878 Table 1. Mdul e Design Paraneters WD

2008/ 039376 PCT/ US2007/ 020499 5 During this w nding

process, a cylindrical core was used and the angle at

whi ch the fiber was |aid down was increased in the

vicinity of the tubesheet ®egion on each end of the

nodul e such that the diameter of the fiber bundle was

r etugieg this winding lpesdess, a eglir[micaFovreewaB ussdlard thenangle

at i 8 5 b0 SRR, 3Bl

regifh @n ewctpénd o€ the ehoduleasch that theh:bam&t&i' ¢ﬂﬂaed"dxee buselte

wasBopREd i iR BiaRsbesh Lo PR ar FachROONE: i Japne@Fer e

bunliddssarank thbashésvas Aol a4 mhea% thbeilammﬂéleaf tBetbundle
nmodul es were tested for their cieé]%torerquﬁ vvag)eé

neay Hppmidinghehthermodylppvas et '“a‘?hesﬁ'? GUENTHThY A

mctLef%emQﬁér%e'téP TaRl€the p&iiihg &échibh bPthe ARMAE las much less in

rometers were used to neasure the noisture content

the gicinityeof theripbeshest thap rﬁaréla%mdma theemnositep
Pr %ﬁtmg&(l‘ég% re%@%wfo? tﬁél?%ﬁﬁftoc Y6 9 Wdt_'ép%;%refrom a

Moi st ure Vapar . Renoved
connpegased Airgirean acgomnq t@@@dat@m WEIQe @hé'@dlmwf
% &Rt indthdistife boferit s e
de"‘%bogﬁﬁ 'é’%gg%‘éﬁ'%l%%@g%%@ 00 é’f?se %'?% Modul & B 80 1.
contprgssad el feeams. Modul e B 100 1.43 0.43 ' 1.00 99.4%
15 Table 2. Menbrane Air Dryer Performance

Feed Feed Sweep Product Percent
Pressure Flowrate Flowrate Flowrate Moisture
(psig) (scfm) (scfm) (scfm) Vapor
Removed
Module A 60 1.27 0.27 1.00 94.1%

' Module A 80 1.35 0.35 " 1.00 98.6%
Module A 103.2 1.44 0.44 1.00 99.3%
Module B 60.1 1.26 0.26 1.00 93.7%
Module B 80 1.35 0.35 1.00 98.7%
Module B 100 1.43 0.43 1.00 99.4%

Table 2. Membrane Air Dryer Performance

As can be seen from the data in Table 2, the performance of the 2
modules with widely varying length variations was indistingqishable.

In the present invention, we increase the wind angle near the tubesheet
region (not decrease it such as in Giglia US 5,837,033) such that the fiber
enters the tubesheet more parallel to the core, and with a greatly decreased

module diameter and packing fraction near the tubesheet. This feature
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As can be seen fromthe data in Table 2, the
performance of the 2 nodules with widely varying
woengioadzar i at i ons was i ndi stingui shabl e. 20 | RCThS2007/020499

present invention, we increase the wi nd angle near the

tubesheet region (not decrease it such as in Gglia

US 5,837,033) such that the fiber enters the

t ubesheet nore parallel to the core, and with a

greatly decreased nodul e dPaneter and packing

fraction near the tubesheet. This feature WD
red@é&h?ﬂ{&éﬁaﬁnmwmmﬁmamﬁeslﬁeetenasiw@stthe pressune aop,

th t he. t ,
anclpfin e oo B85 BF Flne BLL o) uPh REgul r
preséi06f the fisera result of the presence of the fiber. A

or dy Rt RV e A s |BErREe b oo o ol Brffift B an
lmp‘f’é\%ﬂ Eéﬁeﬂré‘t‘idh bhehd sheEIl siaerngiscintd-tie b buentle N Fdver gioén
bers, the cklmg';g]fractl on

nurgbes of HaprB: therFaCKING HacHg AEc HRet B5RE Thahgiipiy BL s yvind

andlé’Wre%@é“s sinifleanfgicdwenthalireffe adjacenpaicaiss Tiois allows for
fective penetration of the shell side

moeg eliectivel peneteatianet theashel sids gaﬁrﬁb’OHUﬁ(ﬂ \dh fibars agAdnto
the ment of the invention, a helically wound holl ow

fiber menbrane nodule is prOV|ded conprising a core,
wi tim enepembeidimentef the invantign, abalieallyayeurd jpllow fiber

memﬁng%wgl LEI'BL/IO%W délﬂﬁﬁ?lnﬁ%‘egreoww pfitafity of hellcally

Fern €r wn e-is essentially constant
wound fayers oé semipermeaije hgllamﬁb@rs weuagian the epge Hwperein the

fi beﬁrglgjpgoéﬂlgk gé&% all&%o?%?a rw@‘ﬁ ek Rbrd Iég%?? %fc;ng the axial

he " wn ang e I's increa
lengtrest theanedole, talxeepanymne or botht end or wheaheeéssglnnsawh?re

t ant d t
T N
esg8iallg conbint wind iamghe, ttolpretees anraregof decieasing diameter and

require enbeddi ng the inpervious wap into the
Pagkind XRGEPN woul d create a 20 discontinuity in the

t Ubﬁ‘ﬁﬁﬁﬁtgﬁ’ﬂﬂ@w@p mm?uhhbmrmgkmmftabéﬂnﬁetsntégmye|s

in the tubesheet material. In or ovi de
rocieds SEIGPOITG AR ImasHHschs wran e far hheBra fasie Breste o
dISESntlﬁlﬂf)PiﬁstﬁettbSegﬁééthnﬁfertdll%nﬂlﬂé‘ﬁﬁ@@ﬂiaterdi@lltjhesﬁlfb@é in the

le this could be done, this al so woul d

tuheﬁbeebg@tw@ dreuser i Provide the/e¢essary sireRdtihe cpodule
matRith dutdtEREhdvattotifgfe e thB&idHIH ¥f the tubddieet intd the fiber

bundle. While this could be done, this also would increase the amount of
inactive fiber area which would increase the cost of the module. In our
invention, we would not embed the impervious wrap in the tubesheet. We
would instead leave a gap between the end of the tubesheet and beginning of
the impervious wrap and provide for a seal between the impervious wrap and
the module shell. This could be done for instance by filling this gap with a
expanding polyurethane foam, wrappmg closed cell foam gasket around the
bundle, or using any other material that fills the annular space and prevents the .
shell side sweep air from bypassing the fibers.

The shell side sweep air may leave the module simply through a hole in
the shell or it could be collected in the core opposite the shell side sweep air



10

15

20

25

30

25 invention, we. would not enbed the inpervious wap

in the tubesheet. W would instead | eave a gap
woebtosmass7t he end of the tubesheet and begi nni ngCoOMUS2G0M©20499

i mpervious wap and provide for a seal between the

I mpervious wap and the nodule shell. This could be

done for instance by filling this gap with a

expandi ng pol yurethane foam w apping closed cell foam
gasket around the 30 bundl e/ or using any other

material that fills the annul ar space and prevents the
injectibel dresi uling paspageways o1to e o5t n@etlthlelnfmﬁéraéne TRhner as

th dul I
whichy P TR S e ST HEMRERR S, 1T Coul'd be colf ect ed
I nAh/bmélgAi emmmséz g\c\ﬁ;’lggg hetd peivide ﬁmzfmplrapnovm external
2008 N} ec
swefRIEaR RS IR IR Lmes Tt abPyp are kel BBt 8-
overddmadIssihel drahehiphitaton@eofIne gpioriart. | As wilhelhbadternal sweep

modribwes UG thal WHE s SRR SasR PR A JHoB MR BRos

reqdl%ﬁhﬂ?&?‘tﬁ@%é@ﬁﬂbé‘ efi bEéWIWSedUaI h‘e@tﬁr Ui fs QM

mtations of rior art. wth the
unexm@eda’lesylﬁmplevh@ﬁﬁﬂ@onllﬂ B8 1056nd that with the

exﬁﬁ@ﬁgerg&fnﬁﬁb ?‘krﬁtﬁé“@it%rﬂ@%v\%b p Fridfdied, %r?iﬁtthfe%temal

essent | equal | engt “This is
sweap module estdigcussad hereinabiove, me BIckease EVHBkangls prpyides

an M@%‘P?éeé I?)ns'nglt’r%ﬂf)h %T%hé gwtegﬁ rﬁt ﬁi@ﬂe ﬁﬂ@%ﬁmgm%r #§iven

erna as di scussed
nummrmfﬁw@msﬁthetmhnng:froaw andiietideptylie the aiginibsof this wind

ang nﬁ\&l %gsq:gs §Fn£ ?%éﬁy lo%elltﬂgt ﬁ}"‘ﬁ%o%cggéeht{%e atsgeﬂfsé BRbws for
morler eféddtive pmmlettmmmksfahb sweemgamammmd gll dife finers wngmto the
oo Eoh PRSPl SO L Byt b
rathes NEricaté atsea betheers tee prgpanar therhedl Usingithe methedsaind

into the 15 bundle. For the inpervious wap, we do not
desgriBed 300Ven eit her tubesheet, but rather, create a

seafhpetareshjethsf Weaiﬁvélﬁﬁbﬁ hﬁtosﬂs‘re)klldwé lhbgoWT&)df&héﬂﬂbSane
descri bed above. Thus, an Obljﬁg the invention i s

f
modgediaring éh%rmwrww%ra R r'ah%r allas dving PR qaﬁe
trargﬁsﬂéﬁsl%a‘ifoh%y%@kndu% %mélrcw{/ Qoudld filssSmea e tgava

transfer applications % provi ding a helical
redyges fiber bundiediametatin the tibeplericegian. yath Wisiivatations in

fibed @ﬁ‘&he(/vHe'?e%%dEHpeSheet region, with wide variations
I'n

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

reference characters show corresponding parts in the several views.

Brief Description of the Drawings
Fig. 1 is an elevational, sectional, view of a construction embodying the
present invention.
Fig. 2 is an end view of the construction shown in Fig. 1.
Fig. 3 is a construction similar to the construction shown in Fig. 1, and

having the tubesheets shown.
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fiber length, where needed. Further objects and

advant ages of the present invention will be apparent
woneswyzef ol | owi ng description and appended clarms2007/020499

reference being made to 25 the acconpanyi ng draw ngs

formng a part of the specification, wherein |ike

reference characters show correspondi ng parts in the

several views. Brief Description of the Draw ngs Fig.

1 is an elevational, sectiofial, view of a construction

enbodyi ng the 30 present |nvention. Fig. 2 is an end

Vi ®ig.BA ihanamsviewodfithe cinstmction Bhownlin Figg3. 3 is a

t t | t ot
o B SRR s S HEEr SR AHELPoRng B By Ao
fibePﬁthl&Zﬁléﬁh%Q@%avﬁwg:s‘@eeﬁkoilectwn entheveare, ahdteémebodying
constructi on. shown i [ Fig. 4 is a schematic

. Flg, 3.
the 9?@%\"/"‘69"'%0 Wfﬁ&ﬁ”gmegt'o%r e-side feed, hollow
filpgg. SRhrsRRemBtdWiew dfa ingerpabeReep| beri-side fead] hellow
core, and enbodyin the &ﬁnstructlon&% t he gl_le&sen
fibef MAMPFase "@dﬁ'ege copstruction s the PrasenIRYention-
S\Nfr-ﬁ‘g 6 'i@é%cﬂeﬂ?atfceﬁdw drald ex(erﬁélkseveérﬁ rﬁar@nﬁdérwbd dollow

the construction of the present invent

flbep:ngamérar@ mosikie ﬁﬁthS‘YWQBWQO‘FO%VL@i‘PQeréhe%%?{“ invéntion.
borgg %onst : [ﬁgpe&we AW HORE IRRBURNSN FREWNEINGTR o4 Yhd\Ghted

t he on of the present invention. Fig. 7 is
in aanpéulgomwsmg view of the construction shown in Fig. 4

expl g is R é pecﬁg@j:}gr@e@&%, ?ﬂatvngf the Bohstri@lion shown in

per I ew o e construction shown
Figinh Fig. 7. Fi g. 9 is an elevational, sectional view

of rgver I fi :
ro8e 7 Ao k. seiciel How SPHRERERETRAY BlIow fier
memanamaxmle reoertedjas hQESAREAT GingpaTHE thrERERARDed gas
MBODI MENTS The term "wi nd-angle"” is defined with
as?é&’?ﬁﬂ’?%sthe nodule in a horizontal position. Wth
this reference the wind-angle X is defined as the 20

on9L . BedRHBIOROF FiE SRERERAED ERMBTEMER

The term “wind-angle” is defined with regard to the module in a
horizontal position. With this reference the wind-angle X is defined as the
angle at which the fiber is laid across the module with respect to the vertical
axis. Fibers wound at a 90° wind-angle, for example, would be parallel and .
straight from end to end in the module such as shown in the aforementioned
U.S. Patent Nos. 6,585,808 and 6,616,735.

A “layer of fibers” is defined as those fiber(s) that are layed down in the
operation of helically winding the fibers in going from one end of the module to
the other end of the module. The return of the fibers to the first end would then
constitute a separate layer of fiber.

The “core” is defined as a solid or hollow axially extending body of a
desired cross-section. Although the core is sometimes illustrated herein as a
hollow cylinder of circular cross-section, other cross-sections, such as square,
elliptical, triangular, or the like, are well within the scope of the present
invention.
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axis. Fibers wound at a 90 wi nd-angle, for exanple,

woul d be parallel and straight fromend to end in the
woundisis9wech as shown in the aforenenti oned UPSI/US2007/020499

Pat ent Nos. 6,585,808 and 6,616, 735. A "l ayer of

fibers" is defined as those fiber(s) that are | ayed

down in the 25 operation of helically w nding the

fibers in going fromone end of the nodule to the

other end of the nodule. Th® return of the fibers to

the first end would then <constitute a separate | ayer

of 'lfhebmetthHaby evdiiet hbtiow dibiens dreawoaindarogindra ogireé @re well

xte in of, a
establisRetiin B ehc o erpane siePria SRR TG L LRI 1ofR s
tubek¥hduts baw rﬁg!ihdaﬂ;etb svet ithe tumsheets © exposothe boltey fiber
cross-sections, such as square, elliptical,
bores$.i angul ar, or the like, are well within the scope of

t hf(';&hﬁ%ﬁiall ldVéﬁableOWde@; 266&&@6@&7ﬁvallable for wrapping the
PCT/ US2007/ 020499 The met hod

hollpHthar TRPRIBIB0RS Of iRy oa e rsélcéraéy there m@%ﬁ&ﬁﬁf@ﬂ &y CMC
of Saﬂt LHe eity, Utth. aFRvidwer '@W‘@&%n@élﬁldll?taifdlléblé WERIING O

form tubéesheet's and nethods to sever the tubesheets

appagaibispbak beniesathas &g as dhe rajig ektraversg (ibet |ay q’%)Nn) speed
to s?:ﬁrgdlé ﬁo%u%)ﬂ%er ng;ﬁ%ér@&&ﬁ bleScatRilleab! £ chRp IMEPERH RS of

| ow ‘f anes of the invention such as
thesé pacamatars 4 prefeoredy bolMot pgcesglry-Lake City, U ah.

I_bvﬁgsef)reféﬂe\éd ‘ER#FW\%%QHG% erPYRthb HIIB Wit P fi"’l[’)\@tdftésent

e ratio of traverse
invdzlat}prdsvapprspmaaately 50@ phinctins iprdiaietyr, but anvdnbes gigsgeter may

b y ;
ve 800 Herithing opifle Abeiftoh FoquiihEts, epdfhBiiin the
mtemmﬁﬁ.usead)rtehsatlechehcdlo?nﬁbens hﬁvim@mmapfmﬁatemms@d
t he
el . SyBEEENS, 5% LBlpbl S Pt s o
fibete prE ek riowit e tlagys oi:minrmryrsknbnrtbemrt and Iaemeu:aﬁ uge either
i nt ended usg,I one ts hol l ow fib

a dHBSF Atk ReT i AT IREEI% RERPEIROSKS TEPPRERP d ConSiructing the

houd:iwmsé& ﬁié‘imbr@ﬂ@ gw Geﬁy@ﬁﬁbﬁfapbems d?rtl&@ @rresemnnwénnon
wn tq, th

The mAtHALoLRPich i RalEVTboTS, RIS et 41! HSBSEH Ginom the
partielR® applitatiglQr ous, asynmetric, or corrp03| te nenbrane

in constructing the hol | ow fi ber

dehﬁ&f%f'ﬂ%ofﬁ%rk?ﬁh%? i RBOWPER; Bgﬁ Wfihek iembrane module
20 embodying the construction of the present invention. The module 20
comprises a core 21 having a hollow membrane fiber 22 helically wound on
the ore 21 until the desired diameter D of the module is reéched, except for the
diameter in the first end region RD1, which will decrease from a diameter D to a
diameter less than D. If a second region of reduced diameter RD2 is desired, it
may be provided at the other end of the module 20 as illustrated i.n Fig. 1. It
should be understood that both embodiments, as well as any other
embodiments having additional regions of reduced diameter, are well within the
scope of the present invention.

In order to produce such a construction, the hollow membrane fiber 22 is

laid on the core 21. The rate of traverse of the fiber 22 will vary depending on
the region the fiber is being laid. In end region ER1 or ERZ2, the rate of traverse
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The material of which the hollow fibers are made wl |’
depend upon the 20 particul ar application. Referring
wO0Qo#sige761- 2, there is shown a hollow fiber meaDUanm7/020499

nodul e 20 enbodyi ng the construction of the present

i nvention. The nodule 20 conprises a core 21 having a

hol | ow nenbrane fi ber 22 helically wound on the ore

21 until the desired dianmeter D of the nodule is

reached, except for the 2518 aneter in the first end
region RD1, which will decrease froma dianeter Dto a

is aﬂp@iﬁ&hafely 9&8(61) ireuhel. pérfsea:oanelc dndheegntial of actdicegion the

rategp RBPTEHERY e (ads Pob baed. G B & B A6 n an

end'rbﬂcﬁh@uhdcibﬁrﬁédﬁfeﬂi ivoa cehiral mr?xdm emggrtﬂrﬁm 1 as

we as any ot her avi ng addi

r edt &A1 bEUNdegiztond tgggﬁﬁ "g' %r' %i"? H% \{r\}ﬁjely 30

depeRaRR &h tid8pphicarRmt ahd“éﬁlﬂbe%cebﬂamé &eriohg agrtheuatio of lay
such a construction,-the hgl]o rrenb%‘gpe flbg 22 1S

dowrpingthgrendheediens nsréaser syifciently te resul hea fpdyglion 'i“ber

dlarﬁngté’i" drithy¥@ny’ r@@ﬁﬁf‘ﬂi AdifNetdriiess ﬁﬁt@tﬁ’e Hitfméidh @ of the central

lard. In"end region ERL or the ra

or ackiup aegiond RRFEIGING PB (heAPGESR. db@a{@@UC%df%“etef RD
maszQrd}ﬁ* %H@%a‘i'lésé farl Bi‘éﬂ?étepﬂ of fF&He s'uBsf:iiﬂ:all\rf the

ntr active region ratels approxurate
duam@er(qf)them@ne pény wratucrru‘shatmé g geRtralfon %ﬁ}'V&d\ﬁS'qrhC of

a co taﬁpgre{&e&éygmﬁ% Pﬁgé}’é d'l’frrgﬁﬂcé@aléb rhéte? FIS 1Y \VN@HI within the

can be understood that

,scoplaeofrtae ippesgntiiayentiom Whilevibisypraferced tatibg slirmeterggduce

unﬂ?ogﬁ )gﬁ'gl;rl %gli‘/éto%gaﬁg}laﬁgbﬁheb@ Jﬁpaﬁ ?8@%*&' @ t3%hé 2RA &3hthegion

e end regrons increases
of rediéed diaméter RD r ether configuratiods ere poskible.di anet er  of

t he, epd ion.to.a
of t REoYEi ool RGNS whi3hge Bsltior HAE! EmOor all
layeizndfi thatHaliow Mmbmgef&mrm%mer dpeRihe matg chfdrw\r&rye in the end
SS n di ame or may be substantially
reg{quei@:?{jé}ﬁé\e %f vargdn @h?%ye Rny configuration that
haSRaferrﬂﬁg reIFigs. 3ahd BA\, rafigir dive Eor is wound 6 Hné desieed

g o i) el 3 ol pooni

on 'nﬂoéﬁrféfe@(rsy @hd hay pbhmgihﬁt@ﬁaiﬂ(rmdumhem freaynby usedrin
a first end adi acen cent o th

progucinhecgFsat Bventete diedraliies ersiaral miyerary Hepending on
theCABPlicatbAL IAGRT tRE QuPSsHddisS 241arel durel OtHeﬁy &re cut, exposing the
flbeprdpr%rgsnt oé)l?\ctermte 1‘"tbr<]a(re 2V2VI vr\}gs ev%%ln% gte:fndagglte g?\dttne tugerzmheet(s) 24
were cut off flat, the lumens 23 are somewhat elliptical in shape, although this
is difficult to see in Fig. 3a. '

It is preferable, for improved flow, that the tubesheets 24 do not cover
the entire reduced diameter region. Any area not covered by the tubesheets
RDAA is an active area, and will count for purposes of computation of fiber
length. ‘ :

Referring now to Figs. 4-6, the module so produced can be used to
produce either an interior sweep bore side feed module with (27}, or
without(28), sweep collection in the core, or an external sweep, bore side feed,

module 29. In either case, it is necessary to wrap the fiber bundle produced in
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| ayers of the holl ow nenbrane fiber 22, nor does the
rate of traverse in the end region(s) (Rl,R2) need to
woanog/sys7al | | ayers. Referring to Figs. 3 and B&I/UaRd0@/020499

the core is wound to the desired dinensions, the
tubesheet (s) 24 are potted on. Any of the nethods of
potting 20 on tubesheet(s), and any potting nateri al
known in the art may be used in producing the present
i nvention. The potting matdrial may vary dependi ng on
the application. After the tubesheet(s) 24 are cured,

an ifnpeyvieus mb,smq?irm‘@sém bé iephaihedrbereigafter U freimportant

und. at

o g o B v 0 22 e HRSRAE Fodi

et\géé%h 3173 téﬁieslh%eﬁék%{tvbe céd\l“éﬁ?dl g\htkI)T thiswrap, éxcegit ohi ang end avhich
in Fi a

S i 1 A Pt oMo PR ol

tubdsPdes %ﬂe@kgﬁmheﬁmpeg}mrs whEly néde 8o ver theasritire Cfbiey buheie
t ubesheet s IS an active for

excRl PRy CAreBARIRRH 1BR tdpestasds. 1 Higersess ke Liz)viguie
be ﬁlQ&éé‘BeﬁhQén tﬁ‘éﬁn pERFOUPHHSaRE the @figaed can be used

produce eith er an interior sweep bore side feed
rmdUiSeerWCtl'taf(th}he present invsutiordhat fpPeriquscrranehbe

imb{ﬁggﬁfi gﬁ gtée ﬂ.fbné'Eg\Iet%E(tg? ﬁﬁéﬁut%\ée&paleé HKealds thehell, WhICR may

case, I S necessary to vvrap
be dome by nydinethndlguemwal in ﬂﬂa/mim@!a/a)%bzmbeddmg the wrap

. . f
benlyEe e iestidt Sho it o, BPBIKIAG SbFRciordther sea
betiveentthe tube¢sheailansitbeshellr e si.de feed nodul es (27, 28)

he
coubrtb TPl S B Mo e 2L BBl HUPETREFbS pldetfa seal
32 b@tvm:mﬂmd WramanSMpheml @heicorel?d sgquovided with a plurality of

o SRR A Bl R B3R L AR5 AR R R e B

gastthespgh lthie a%epearmbeaaeadj acent the t ubesheets. In this

case a sea woul d be bet
ROt maaivions wp F1. S pBEsTER becHuse o the seal
32, ﬁﬁé%@\iéedﬁ g€ @hté?lhgtth?éugmﬂ\é Qweéplcm@e\Mﬁanavémhrough the
In the tubesheet 64 but be Qékgnstead
helically MOUKLHIPETSd WRTRFactEeH6e diRta! 8 31 SnRdRPerious
wrdfAHEr, Whith & il lextiht oﬁh@sm/e@bqstde ng a&rlh@sph@m b»ebmen
the tubesheet and the shell, providi ng, a

pressye d@@gmdmgétm@ethetw'mﬁ%@h@éfa%mﬁ riediule, $ef=ﬁed in the

shell, the sweep gas is constrained to exit at the sweep hole 40.

The wet feed gas coming in the lumens 23 embedded in the first
tubesheet 24A will travel through the lumens of ‘the helically wound fiber and
exit out the module at the end opposite the sweep entry because of the counter
current flow arrangement of the module. It should be understood that co-
current flow configurations can also be used in which case the dry gas would .
enter at the same end of the module as the sweep gas entry.

Referring now to Fig. 6, there is shown the use of the present invention
to produce an external sweep, bore side feed, hollow fiber membrane module.
In this embodiment of the present invention the module 20 may be wound

identically to the module shown in Fig. 3, but the impervious wrap, now
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In the' internal sweep nodule 28, optionally there may
be placed a seal 32 between the wap and the shell.
woheosnesxme21l is provided with a plurality of PETASR®P/020499
hol es 40 proxi mate the tubesheet(s) 24 to provide for
the entry of sweep gas through the sweep orifice 33.
Because of the inpervious wap 31, and optionally
because of the seal 32, the sweep gas entering
through the sweep orifice 32 will travel through the
helically. wound fibers 24 until it reaches the distal
identifidd 2 theaiurnbeal i38der ¢lasity is 2pewfap agiredetermined distance at
L f the sweep hole to atnosphere or other
eac'ﬂreé'gsﬁ)ib d’ﬁ%‘@%‘ ng upon the application. pSl nce the
rmwtubepre&rmthaﬂ the imperviciswrap ehd le\i&b@peglas dfdhe sweep
tr ed to.exit at t swee f.
noteal. R et RecPagns IaSHTEEalatioR Ganiof pifed Re
sweﬁblhﬁl"eﬁ %ﬁbuﬁ%\hmd 'dhetﬂciw ef S\ivbepl@s ﬂ'nim.lgm then extefrior Beeep
elica

5 exi ut _th
moduie 26dVes SS e badist Bty 88kt hupupfidfe flmens 23
of ﬂ?é)ﬁﬁéu%rzz QHETSE ot tAY sREbAN GREdYy s Whkexipdut the décond
shoul d be understood that co- current flow
plerBRf44gur at i ons can al so be used in which case the dry

ga r f Sa iriteiul
SARARHAG LT PIET. i e (20|28 s o sl

h0U§HI§J/\ﬁe't‘¢f@"M§’@Séﬁnqtﬁ@ byrtbe é\‘l‘l’“‘?"ﬁ‘béﬂt i @@' ?6 ’B’T’%ﬂﬁ'@’@ as
the "E\err#gﬁ EBHﬁJn §T"%@ the hSﬁﬁné'S‘é}eorf #2nmobald 20ifdib&ihg the shell 25

hi § enbodi nrent of the present

may slig ingide the tytm;alup@rtlgo a9t the heiag 50d elﬁtep chng{guctnon
= b B AU s bl g e S pocne o e

hoUsmg tafoemethedisodsing esaembly 558 Thesa Wihbezan mlet 57 by which

the Ivsge Sqeates? trg %ggpﬂgfattéﬂ %ﬁte% thé ?ﬁ&h&& %s%@nﬁtgﬁ 58D Qﬂl:lean diitlet 59

fiper vi ous wr a
by wa@dhaneaiewwa’ewew wﬂblbese 4(1)nsndeteaclm enanmafB will be a

o SECEE il SO ool S R EL SR A7 b

enddé[p@@nﬁlhﬁa@ﬂ@jeltmf n@mggmimdweoﬁmodm 2329 va béing used.
ent er . t h the | -
hexprastackviow ot hediadind AS5abBhokS fkSoRundf 31 £ “he

hod’!nhd; a§§éﬁ1|bil>}155tobﬂ‘\ mddukﬁl housdihg wheWIrigrQNeep E'pgnlngs
i ca

and BWRBRAIS e RORERPS D3 CTaH R th ST iRuPafuldioUshe 50
to seitthe RBIHWYMERIDIENEPnodule 20 having tubesheets 24 into the housing.

The endcaps 53 need not screw onto the tubular portion, but can be affixed by
adhesive, sonic welding, or other means known in the art.

The impervious wrap 31 (not shown in this view) is sealed to the housing
by the gasket 32. A plenum 44 is provided interiorly of endcap 53 to admit the
wet gas to be dehydrated through inlet 57. The wet gas enters the inlet plenum
44A, passes through the lumens 23 of the fibers 22, and exits out the other end
of the hollow fiber membrane module 20 into the exit plenum 44B, and '
therethrough,to the outlet 59.

Referring now to Fig. 9, there is shown an example of a helically wound
bundle that is placed in a housing such that the inlet and outlet compressed

gas port are in alignment such as in typical inline filter housings used for
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the tubular portion 51 of the housing 50 or the nodul e
20 including the shell 25 may slip inside the tubular
woaodsioass761 of the housing 50. In either const PQTUSE00;7/020499

a pair of endcaps 53 will be sealingly connected- to

the tubular portion 51 of the housing to formthe

housi ng assenbly 55. There will be an inlet 57 by

whi ch 15 the wet gas to be dehydrated enters the

modul e assenbly 55, and ani@utlet 59 by which the

dehydrated gas will |eave. Inside each endcap 53 w |
exafpléin Meectbmbéeﬁng dtacsdsnis) FoFlease affiliupiratione thefuhdsbeets

20 4 ey B DPer SHSGBB A b0 Rk R,

TheSRIREaEnbRedhotlR: PO uaving sibertibgrsS22 iandtbbeshéeats 24

(X RITYRYS SHRTRE IS QLB i | B PRIOURAAPoRT [ARaied 1o

the §Hgf’? QBSbySé)eQ LW gekRel Ng seRbxphntiity foah |3© rh’n@yi‘dmgtrﬁﬁ uced
to seal 'the hol | ow menbr ane nDdu 20 havi

thrqugbe@h@@@@Ingz(npﬁﬁaowmt%ﬁmeﬁg*ea PRI Rl the

sheg%g screw onto the tubular portion, but can be affixed
adhesi ve, sonic meldln% or ot her nmepans known

t he'“tﬁ hollog fibee membranemedigeg0 Bas@pair i supdif Fﬁd ﬁﬁ‘ggaps
ldthFf%\@ ?ﬁ/ ﬁwfﬁ@h%qalg (? %ﬁd %@uWhﬁ‘J" aIWN§ Reo 3RS kRjunted indide a

rovi interio endcap 53 to admt
mter heusingt 6Q) asvma dbousingdnigt 64 am#@lh@wsm autlet65.Thiae wet .

oo o BRp-83 bl P ShE h paas g
opemti:h’ga SZ?\rid theffi r$trm'\4¢E§l'&ip| e’y dadses thmur?i‘ahh@ Inpense2? of the f&pers
22 38 s Sy RLBEI e 0BT 0 09 ey by

cor@truatdibto deﬂléc)t amauredurnomodt gas trabughb tbéaweel 2rargd out the first

endigin 64 the ergaARI e, HEREKShy Pt B PRI oells

andwwwwgéswedu@n th&\Ep26iaBs W38 TilePET/ WHREO /122849 @rowd the

le in the coal escin a For. gease of

fioqTp P LPAET BiF TORSGBOUTRL 0. S5 SHF I sp dnliial guet hotes
69 %hﬂ%xﬂ"ﬂlﬁehbbﬁn? éWéé@@uﬂewmd angle of 90 are

[ lustrated | ow menbr ane Eodule 20 havi ngll fib

hol Bu\ﬁaf¢fyé!V§°2§'d§ﬁ'agtthBé>§ﬂ%'§F§ ot e(%ta%ﬁamve ollow fiber
meprlut?r%ﬁg th&ul@qnéHbééw kovied.The inpervious wap 31 is

sealed to 5 the shell 25 by seal 32. If desired, a

sel f - expandi ng foam 36 nay be introduced through an

openi ng (not shown) to further seal the inpervious
wap 31 to the shell 25.
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The hol |l ow fi ber nmenbrane nodul e 20 has a pair of
nodi fi ed endcaps identified by the nunerals 62 and
w62008mb9oh allows it to be nounted inside a 10CTiuSk®r/020499

housi ng 60 having a housing inlet 64 and a housing
outl et 65. The wet. gas to be dehydrated enters the
housing inlet 64 and passes through the opening 62A
in the first endcap 62, passes through the |unmens 23
of the fibers 22 and eX|t§4through the | umens 23
adj acent the endcap 63 which is especially

WHATNS CLaIMED I5:def | ect and return nost gas through the
core 21 and out the first 15 endcap 62 into the
housi ng outl et 65. However, a portion of the dry gas
i s 1al | ove thelicallyawsund halig fiber rmembirahe svah e iconerisiag:
where it, passes around the fibers 22, under the
i mper vi d8¢ waf°%0, and out the special sweep outl et
hol es  §8)anda pliralityeoflialisang woupelagets eftseffi-p&ymeable

careful consi derin the roblens . in_the a
ibers|WRYNg gRthe soremueraie th oprew m@éfb@wth

pr Cﬁéhﬁéék to2a51y é”f% Ver OF HibBrRDIE dsJ2ai éhﬁ&@ﬁgﬂaﬁi ey thkdaxial
DIS: 1. Ahellcall wound h w fi ber

rredﬁngweofrtbsunedw@wﬁm%md@ one @) bethceaeor 31 egt regions,
Pl YRl el t}‘leq'(/lnﬁeéﬁd?é"té N\d“@é’é&i iR Be lcast SoRRITHT RS I&?éhd felative

hol 1 ow f1 bers wound core, wherein the fi

wi rie thagissentially cm@ifaet:wwtdoalagi? tmerqdw@ra'bﬁrea 9&?%0"@@81"9
%Z‘ﬁ?@e%'l é(n&?géﬁlﬂgtfré’ét%g the axial length of the
) I'n

excep ne or both end or tubesheet
regions where the wind angle is increased, in at

east s e?m]:ah{:g'lﬁ/a\rw{?ﬁ gﬁlswdé’r%é%ﬁrg & BSodule of Claim 1,

essentla Yy CONS to pro uce an area of
whelrein desdiagnetdr afrtiteemogiude ptatﬂe b@mnmtbfdhe ohe ghleoth end

hel i.cal

ool GRS P Lo o EB SRR Bite P o
thelmitrlam abtivefeditn, ane ilesbdhén ¢nel diakbetee gif thies cestral active

substantially the dianeter t he | 0 I ber
regi%h%?%ﬁ@tﬁﬁaér‘g 031"“% ﬂ@eé{rﬁq‘}élengcqn\'f e?ﬁ%‘%torr?g'%sd i s

| ess than the diameter of the central active region

?tegégﬁsolf he?lggllf INOLP\% I'?orh%woﬁbgrortngm nrgngrmct)alglgso Tim 2,
wherein the diameter of the module at the other end of the one or both end

regions is only slightly larger than the diameter of the core.

4. The helically wound hollow fiber membrane module of claim 2,
further comprising at least one end or tubesheet region, a portion of which is an

active region, and a central active region.

5. The helically wound hollow fiber membrane module of claim 4,
wherein a potted on end cap covers at least a portion of the at least one
tubesheet region.
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3. The helically wound hol | ow fi ber nmenbrane nodul e of

claim2, 20 wherein the dianeter of the nodule at the
wobbmrozg1td of the one or both end regions is BarYS2007/020499

slightly larger than the diameter of the core. 4. The

helically wound hol |l ow fi ber nenbrane nodul e of claim

2, further conprising at |east one end or tubesheet

region, a portion of which is an 25 active region,

and a central active regiod® 5. The helically wound

hol | ow fi ber menbrane nodule of claim4, wherein a

pobt ed Arhesheliczdly vemwet bokaw ifibes membprand medyie phelaim 5,

| ea n tubesheet regi
wher b T ge hragE Widau et SR idgtop ot gach
endf WitArarmastivearsiom éxtendirig betweervthe Wwibesbiest tégiohs | Wierein a
fiber nbrane npdul e has, a_tubesheet regi.on_ a
PottEH @ SGFARIE HIPVIRE 2 Pon O AR et dears: A 88
potibH RS ERGEap E6VEr8sat I¥dstieportidon Gty rbpecties tasgshest region.
provi ded on each of the tubesheet regions, and each 5
potted on endcap covers at least a portion of its
respect i wge helheRRefdun@ abRGw fiber Mémbhghe arildule voLIIM 5,
hol | ow fi ber nenbrane nodul e of c(le%J m 5, , wherei n t'hF hich
whegginihe madels/igcayered With & closely, corirmaing hariss matgrial whic
is i ' ' Igktd vé Rirg8cofRe rRsdaRdkcepeior a
'S mﬁﬁéeﬁﬁe?ﬁ trdé??/é:ggdtﬁéﬁr%g%l erqg%céept or a 10_non-cov‘gfed
nonreeyarad apispcadiacent the gtdeast irtubasberbEagiPRgi on. 8.
The helically wound hol |l ow fi ber nmenbrane nodul e of

claim®6, wherein the nodule is covered with a closely
corfi.or m fdrebelically wentnsk hellowfibeh mensbiansemnedulesof gaim 6,

d S i a .
it B Koot i, £ LISH) Yol B3EIG e uhicn
is imperviods to ghs redrexténdsodert the entiretyeekliheinpdule. cl osel y

conform ng barrier material which s inpervious to
gas and extends over the entirety of the nodul e except

forga nThe telealgdwoagd dwllad flwamhehitrane rhedide of ckaim 6,

t ubegheet fon. 20,10, The helically.wund.hall .
wherbge e skl chystied Yo 4 Hasis eSRtanyad ARl ShafftieL whicn
is imeﬁﬁaeﬁ &l gk landae@énds byecthitf entiretgobirer meduteaéxseptifor a

iC

. non-covered region adjacent the at least one tubesheet region.

10. The helically wound hollow fiber membrane module of claim 6,
wherein the module is covered with a closely conforming barrier material which
is impervious to gas and extends over the entirety of the module.

11.  The helically wound hollow fiber membrane module of claim 7
sealingly mounted inside a shell.

12.  The helically wound hollow fiber membrane module of claim 9
sealingly méunted in side a shell.

13.  The helically wound hollow fiber membrane module of claim 11,
wherein there is a seal between the impervious barrier material and the shell.
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is inmpervious to gas and extends over the entirety of
the nodule. 25 11. The helically wound hol | ow fi ber

worodsroassge nodul e of claim 7 sealingly nount edPCHAISE®7/820499

shell. 12. The helically wound hol |l ow fi ber menbrane
nodul e of claim9 sealingly nounted in side a shell.

30 13. The helically wound holl ow fiber nenbrane

nodul e of claim1ll, wherein there is a seal between
the inpervious barrier mate¥d al and the shell. WO

2008/ 039376 PCT/ US2007/020499 16 14. The heli cal I?/
woudd horl th@heﬁctajhyrwoemdb hahew fibdén necmbramnemadite of claim 12,

wheﬁ\’\gﬁe [eg? tlsgﬁ &etakéeg%ee?q he .Wutsfkfeﬁrﬁﬂﬁ{a‘{éﬁé‘ﬁamw &hell.

bore side feed, helically wound hoI | ow fi ber

hoI1I 3vnfeA|g3? umml i&g&% bo(eo?e g?%l%@o%g%%\% fhber

mermgtarta\niile icenipsinmglr i cal . and is open at one end of

t he rmdule for the | troductj o of swee . an

pl ural i t@)of ¥ '%°|E}V15\)P8581‘$Hg'far'i'|? W&SF%/\Pf
COr@aiRt 941 Wﬁb?ehhﬁe&&ﬂlb%&:dr@% @?hﬂidhéb@ aildl is Wpenwestorgasend of
to surround the outside of ibéers 1n th

defthﬁéaodw@tf@éme fiodustian of ﬁwqem%% 251 2 Rleli f sygeP
chgﬁg %?é)?m\ﬁagd i EHee Rb1Id e @BFe PREXIRIZES tHS aBlivY réiﬁé'n ity

sweep gas to escape. 15 16
Th eaalloyn swegptgastogireingd the eutgide Qﬁsthﬁﬂtﬁ{‘érm the area defined

Cor@egtbv%'e?ngth% OB the RAside! &ﬁhé%h%hear{boﬂeoéh@ﬁﬁ% BAd,

the anount’ of sweep gas entering the core. 17.
The constb)uct Ableartionesapaning psovided in the shell to allow the
co etween the gas inpervious materi al
anggéﬁébggﬁg??%%ggg the shell. 20 18. An external
sweep, bore-side feed, nodule conprising: (a) the

14 AR R A el oo

onfe;vet iartde hollew tdre todimhit thet Fmolint bé swedpl gascantepngfibe care.

non-covered regi on adj acent.both 25 tubesheet regions;

17.  The construction defined in claim 15, further comprising a seal

between the gas impervious material and the interior. of the shell.

18. An external sweep, bore-side feed, module comprising:

(a) the helically wound hollow fiber membrane module of claim
13, wherein the closely conforming barrier material extends over the
entirety of the module except for a non-covered region adjacent both
tubesheet regions;

(b) a seal is provided between the gas impervious material
and the interior of the shell;

(c) at least one sweep inlet opening is provided adjacent one
end of the shell; and

(d) at least one sweep outlet opening is provided adjacent the
other end of the shell.
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(b) a seal is provided between the gas inpervious

material and the interior of the shell; (c) at |east
wonesgweap i nl et opening i s provided adj acent BO®US2Wd020499
of the shell; and 30 (d) at |east one sweep outl et

opening is provided adjacent the other end of the

shel | . WD 2008/ 039376 PCT/ US2007/ 020499 17 19. The

construction defined in claim 18, further conprising

ehdcaps provided on each ddd of the shell. 20. The

construction defined in claim19, further conprising

end@aps Tie poosirdetiprodetingdh ireelairnf18; mgﬂgepreq:qmpgqmgﬁngcaps
WO fi ber menbrane nodul e defi ned

proquﬁecll 8Paqér/ﬁhl, p’% %ﬁ) ie Wi nd angl e of different
| ayers of fiber along the axial length of the nodule

i dely. 10 22 The. hel i call L Low. f.i
o RSB i S S g Scaps
roxh&é‘&lbh gdchi&ed bi ey shéin different |ayers of fiber

along the axial length of the nodule vary by twenty
percent or nore. 15 23. The external sweep, bore-side

feeq, noghd ﬁelﬂ,%’u'yrw@um@ helléwmib&r memBraiemidduiddefingd in
core is cylindrica
claim 1, wherein the wind angle of different layers of fiber along the axial length

of the module vary widely.

22.  The helically wound hollow fiber membrane module defined in
claim 1, wherein the length of the fibers in different layers of fiber along the
axial length of the module vary by twenty percent or more.

23. The external sweep, bore-side feed, module defined in claim18,

wherein the hollow core is cylindrical.



