;e3e' N Kl @(6"T6@ < 1 PROCESS FOR RECOVERI NG HELI UM USI NG AN EDUCTOR

Field of the Invention This inven Mm mmmmmﬂmmhed to the recovery and 5
recycl i ngvofoigases. More parti cul &lll vention is reEITAISd/ 1Tt he
recovery and recycling of helium of fremsabout 300 to 700 by volunme in the
production of optical fibers fromthe draw tower cooling tubes of the
producti on apparatus. 10 Background of -t he-I nventi on The present state of
the art for optical fiber manufacturing generally starts with the
production of a speciall Hre re%ﬁﬂ{lﬁfgf ngrLﬂ\; [Pre\ﬁ)rm 'l]'}r}g(iﬁeformis
processed in a fiﬁﬁixg%ﬁzLﬁﬁigﬁgfivn 20 grodts YA BN GEACR j per. A
specially prepared glass preformis fed rnto a furnace mﬂere the gl ass
nmelts, forming a sem-liquid fiber. As the fiber falls through the air and
thrﬁygh atEea?}ﬁk@haﬁthegEﬁv¢$312%lt cool s a$ﬂ sglldlflfs._FollornnPI .
cool i ng, e fiber_is coated an Spoo : raw rate is_controlled by
the rate of coolinahf% %%ée%%%%% b%tﬁgg%L%ﬁet?UERSCEGEEHefHeaggating

T ot ton appl | od to the flber hoat exchande r. Lellam s generally Used a6
the 25 gas | nt¢hFelakas X cHaRgEPCHBEEYseNAt TRFYGL 4B afhgaﬁiﬁ@apftransfer
rate and is ipegt. Ibe:hegd exchangsy genghal by £ABSLSLS,0E18A akum num or
stainl ess stegf %I%cg %ored for a g?%inun1dianeter t% aﬁfom}tﬂe fiber to
travel throughptiicaHefilerorfaom Khardrev beveune80land aubesrofi thegen is
also fed into tﬁg c%lindricaL channel where it flows out one or both ends
of the block PHt0 the“SuryBumding - -e. Heat is ~ VI'O (11/9-42~")
PCE/US(Ihblﬁ?@aékgrgungl§§l@@éeﬂn$é@ﬂ1@he gLaSE flberhthrough thﬁ hel i um
and, into the walT of the heat exchanger. e heat exchanger can have
conductive retal fThg PbceRdsi patethel hehe fFrbnfehechbatabxERBRGer net al
surface or t b B ctured .t -
additionalmapgggﬁg%ﬁ§§gg§§g§%?%ggéoﬁr%2gﬁé?i%%ﬁgoﬁﬁ%n%¥?gﬁcgﬁ?Pn8ftﬁe
optical fibersoetaineddyipgepaoeésslaasi esdf vonpasfewnmst adar drkfbems

erm nute (sl of heliymto several hundred standardlOliters per m nute
DF el | um per L PeBtORRERERGHE = THURT T P aF S PRagC0r SeT oL BdPRRRIGR FBEovery

fron1andn@cyc$§;i@aiibgmeﬁpti&_Qﬁ@M&@glysﬁﬁepgkéa Fahept pMNer8rA77g4. and
No. 5,452,583. These prior art include the use of rotating or15reciprocating
conpr essi on efgd pheh®, 2 ablarya¢e aviegue phkat ganadscoat 8l sfevmirgoer and
recycle heliu ot fiber. ic aWM Ng.s [ at, ex n S,..

Thedeci si on t%%%%iﬁfg%ighféggépe %% ¥%605£%§£n§5%2§ %E%gﬁgﬁn?ﬁ%da5§ t he
quantity of hehd unhusedh perndeat 2Rexshaagercht heeepsitotobidki yadas wel | as

t he cost topurchase Jogerate and maintain the recover¥ system The ulti mate
question t hatSPhed$f beF - opt PESCBHBAUEEr hiBE dbher AihReTi §5whetker pRY s

econom cabl y benefigi al 119 i vest -iPe d{ @WeHg: FOWREa NBY T AR T BEQNERY

t echnol ogy250on a site-specific basis.CGenerally, for applications where very
| ow vol unesofchel {un dnetlusespape t het deani hget bwerapearndxehanger s(5- 50

sl pm per heat g : nt recoQv t echr i n b

econonical ly %?%%P@Q'gé%%hgg%%$é0t¥%e8€§£¥h?§ ?ﬁég% ?%nQ$§ f§£e 5

provi deopt i catodlbes, psoguerl sambiibit aof oyag0ost optennappl heli um cheovery
and recycle. ghis is achi eved by VI'"Ofll/[9~2;9 -

iber heat exchangér. Helium is generafly used as the

=

25 gas in this heat exchanger because it provides a high
heat transfer rate and is inert. The heat exchanger
generally consists of an aluminum ox stainless steel
block bored for a minimum diameter to allow the fiber
to travel through it. Helium or a mixture of helium

30 and air or nitrogen is also fed into the cylindrical
channel where it flows out one or both ends of the

block into the surrounding arm~~~- -a., Heat is
!

AR

D



PCT/ US111/ 177sJ providing a heliumrecovery systemwhich will result in 30%
to 70% recovery of heliumfromeach heat exchanger wunit, w thout the use
of any nowvongopasts such as conpressors, vacuum punps, comarabsovaraes and
wi thout 5 the need of analytical equipnent. The prior art primarily uses
"once through heliunt to cool the fiber during the drawi ng process or are
usi ng heliumrecovery and recycle technatogy (at a substantially higher
helium fl ow than the present 10 invention) to cool the fiber. The prior art

enerally uti].izes vin arts such as_conpressor v.acuu unps_and
gont r ol zal vésl.sﬁltp%etﬁ of'g%gn JE5 (Ht t%ﬂb%%vﬁbnéo Srheql—il% %ﬁ%‘{}rg?'@gwst em
that uses no immd nthdards. b die WiH decigesieabl eri® wsg£: an eductor to
facilitate heliumrecovery in a small-scale fiber optic cable manufacturing
process. The gpwilemast @judianrs EdwmionlJesedt I8y ¥ xidhgsirdBbeuat i ng,
drai ni ng, dryi.ng, h r.ouf | L Lons, The
notive gt rea#hcegnhegae@a%oq%tt%fng{?a[tui &%%%?fﬁ%%%%%ﬁ%%é oélm)\g/lgea suction
st ream conposethiofe:gasasied idii dss nEmpovetar=4¢d pei t9ol drdsaddhei sthsThar ge

stream conbi nes the notive  stream and suction stream and in npst
appl i cati ons A& gt Pt ISP U FFRrIMHTF% om 25 either of them In the

proposed hel i um regovany abygid:e APPlAsatnonp@ldal hf as-sStaeaps are
basically the sane regardi ng conposition and properties. ' Sonme types of
educt or s hawedieiers kiowess Fovrianplan . Bw paitardand. 1 B 8686, 745

di scl oses a fl.uid 30 recavery .apparatus and od i a motive force,
whi ch i ncl udés the ugselpoq é)nfyelr1 uct or R%rsﬁ%%ﬁﬂ?%% ?%?St?rﬁ%‘ﬂ% liquid
formati ono |1t idiesed ases g dutgick heMd 1ddd -H2d: RGIIRS{d4 4 1778%- 4
subnersi bl e punp for punping fluid fromthe liquid formation, There is no
teachi ng or UGGEstaidn 137 thixC1Rted et HEn reREVERHY of* PRI #tn gas and or
other raregages. and, does 1ty EAOMergah i,y d. SLL S.y Rat epte Nor 4,613, 412
di scl oses an evacuat orsystem and process for an evaporative recovery

syst em whi ch Sus¥xs’ @rPeduct dfo t & cfEate R partial vacuumin anevaporative
wast e recovery system It uses attf.l ui ae\stq%rmti ve.to the. eductor in order
to evacuat elOconcentT it Eand diet i1TatE T ront aft evaporatdr - "Fhetei s no
teachi ngior sugagstd@it iy tdiordds fOf sQenvREnngaintk Teyeding hel i um gas
or other rare gases. U S. Patent No. 4,115, 235 discloses an appar at usf or
conveyi ng a GEEUMite amt GiRgH e sane? yereOehaned . TErel privki @rttases an
eductive | oopy lqm];: d ~ i gonnect i 0 ey as sanpl e
t hr ough ananFaEI%/és]efrl‘. irlgé?'ﬂfr?gt1 5oae“sl]{r$gt teac ol?{g%%g%g%}%&h%%%m o?%‘?her rare
gases to recasrismigortd artiofizchelgasdigoharfecedooamy heetgldudtos. There is
no teaching oy 20suggesti.on in this art for recovering heliumor otherrare
gases, and r&&ycti et%e% s S BYCKY n?% Q?é%%tlé‘?ﬁgq FeT €258, U S, Pat ent

No. 5, 795¢ 146G diistlpses wnd Wdmcechatdbeluhavd nge Bducd afhd occeshanse ther mal
processing. 25This art discloses a furnace for thermally processi ngproduct

and i ncl udes ROHE S IOrP BRI o1 MHERERIEE OF S ) T RANF BesSTBF T ncr eased
circul ation ohal MDSPARLE ‘é&%&éﬂ&éﬁ%%[‘gggoﬁﬂBePe&BtEé@C‘ﬁg&ﬂ%PUt gass: ng

pur poses. Thi's patent disclioses an e 0 i ncrease rculatron within
a furnace chanber dritehoesnanats ugestther etluct oretonorecovEry hie¢nein orabt her
rare gases. tSAQ%é%égj%;%hawing tower helium recovery technology
25 on a site-gpecific basis.
Generally, for applications where very low volumes
of helium are used in the drawing tower heat exchangers
(5-50 slpm per heat exchanger), current recovery
technologies may not be economically viable.
30 The objective of this invention is to provide

optical fiber producers with a low cost option for

helium recovery and recycle. This is achieved by



- 5 PCT/US(11/1 ??S9 It is desirable in the art to provide for a fiber
opti ¢ manufacturing process and system which recovers and recycles helium
and ot herwoar/ei2gases at a | ower cost than that associ at ed PRTIUSII/ESPr esent
gas recovery 5 and recycling technology. It is desirable to provide such a
process that requires no noving parts, requires no power, requires no
rotating conpression equi pnent, can be-imstalled as part of the fiber
producer's existing heat exchanger 10 supply piping, and requires little or
no naintenancekFEEilher, it is desirable to provide an econom cal pethod

It
and system f &* ehrd BRI THEF Tar FOR B pEthel oft hhdt #eiht ehance of

this equi prenfps W chod Scpaddd SHl &F |Ye PARRT £ BoRI cdOn tSa STREELYQLUpe hel i um
15 recovering and recycling users. Summary of the Invention This™invention
is directed tig proddystf drhe ersverd mprhehdving Therps osess @dnpri ses a)

passing a first quﬁs cont ai ngcnbgl hel i um to, an edfcxgoivéso g){l(gducelaﬁ 20 second

gas; b) passiC én Y& Sedon gas i I’UOLRﬁ’l' ac%%%]foexc anger ‘fﬂ"% e a third

gas; and g) neeoMRIdddf hehd Rtk gasedqud pmédie. eductor to conbine with the
first gas. In one enbodi ment, the second gas may pass through 25 a cool er.
The second gas and/6r RHiGH &ds RayiPassy t by dtightace otlvhre et  heahbuphird gas

may be split dnto & top pordd.on.and,a bott porti asqd t es fromthe
heat exchangetr, and the flow of both the t%f)%‘por i%ﬂoan%ét?ll:n%%%tom portion
as they ener geifromalhienhestc@krx crahgezcale beepandiady y(atequl at ed by

fl ow control ans, for. exanpl.e, valves. rticul ate renpving devices such
as 111 ters mi e e Y PoRE BN 1) 9 45 H QAT TS0 - 6

particul ape firgmidiethidsd @as pHoreiwe€onbining with the first gas in the
eductor. As used herein, the termeductor neans a hydraulic device. It may
consi sts of a nozZhe &d el 9B @bl  Liskred Beee ARyt

pressure (suctd Ao ar.gj L S ot i ea | uid
t hrough a noz%z% ceg%n ae%o%g%nt%%g”ﬂi%m%pgéerg&j%%{%&m\yn%\z%%t giréthrough a
suction streamuln éte tddrel vatile ddischarde € heatbiern ddwonegat swetgnessur e
generated thus inducing 10 a positive draw of suction stream nmateri al
through t he ™%t %ﬁﬂ?eq&?]d“qvﬁtr@ tHfe" i schar ge chanber. As used herein, the

termrotogeter neans wodeYie ddi MRAsUri N, gasad | avace exanple is a
sinmple cylindrical apparatus through which air flours and the 15 rate of

flow is nmeasuhesd.liBEtef Balsicm pteowofy thie ravihg-scale fiber optic

cable manufacturing process. The prior art eductors
are commonly used for mixing, evacuating, draining,
drying, and many other routine process applications.

20 The motive stream can be almost any fluid, and it can
be used to move a suction stream composed of gases,
liguids, or powder-type solids. The discharge stream
combines the motive stream and suction stream and in
most applications is significantly different from

25 either of them. In the proposed helium recovery and
recycle application, all three streams are basically
the same regarding composition and properties.

Some types of eductors have been known. For

example, U.S. patent No. 5,836,745 discloses a fluid

30 recovery apparatus and method using a motive force,
which includes the use of an eductor for recovering

fluid from a liquid formation. It discloses a liguid



O her objects, features and advantages w |l occur to those skilled in the
art fromthe follow ng 20 description of one preferred enbodi nent and the
sol e acceppanyieg drawing, in which Fig. 1 is a schemati c peaprsesersati on of
a small scale gas recovery systemfor recovering and recycling gases
according to this invention. 25 Detailed Description of this Invention This
i nvention presents a concept to recover and recycle heliumused in optical
fiber drawi ng station heat exchangers w thout the need for rotating or sO
reci procating conpression equi pnent. An object of this inventionis to
provi de an ec®WoReEaiLhel PURPr @6VEHVPHH9tIﬂéﬁdoﬁFP@thﬁlBéﬂuéﬁaM/tomer

heat exchangeto i ol (9008 9120 BLILEAS( L 1G85t s comal] conauan to

be integrated intot user"s existing stem as wel
requiring no apvi figr palné sredbrecrecofehyl syat gaswehl yirebdhpretratrably 40% to

600 recovery of helium .nore 5 preferabl getme n 30%to 700 recovery of
hel ium and rd3%SHrEtedrABEY %QErf%@@V?EC ver§Udf-hel ium for noninal heat

exchanger chel i um fged, - pat es: pgf eLabhy, @@W@@Qc%%e%anévé@uékgm and
nmore preferably between 10 sl pm and 40 slpn1an nost preferably between 15

to 10 30 slpn$p@teMe®mdeyéﬁgﬁg%rForhenpewépgsatnua/dﬁagwawwf@vsthms

approach is ShQManﬁségg o edﬁﬁéég Ckgaﬁed to_e cglhggguexcganger 40
t hrough fIOM/neasurlng , for eéexanp Rer 6t anet er, prior tho

passing to presap®faﬁ5vée@@baéore&évefpespetemn1gas (keewa &sundt b¥e) then
passes through pressure measuring device 16 and then through control valve
18, whi ch maythbe BOWENRafC ofPAUEOHaEPE VAl 989ehefBr 8VERIEtHr essure

regul at ed ghel Lum-20Q: Passesnhhypueh a,tLow -pRagyr Logaeytee 22p,kee 20
exanple a rotaneter, and particulate filter 24, before entering eductor 26.

The eductor nbzzhe t@@¢hg@ga@roﬁuggestﬂon in this art for recovering

and recycling helium gas or other rare gases.
U.5. Patent No. 4,115,235 discloses an apparatus
for conveying a gas sample through an analyzer chamber.
15 The prior art uses an eductive loop in conjunction with
a convective loop to convey a gas sample through an
analyzer. This art does not teach or suggest helium or
other rare gases to recover a portion of the gas
discharged from the eductor. There is no teaching or
20 suggestion in this art for recovering helium or other
rare gases, and recycling these gases back into the
system for re-use.
U.8. Patent No. 5,795,146 discloses a furnace
chamber having eductor to enhance thermal processing.
25 This art discloses a furnace for thermally processing
product and includes one or more eductors. The
eductor(s) provides for increased circulation of
atmosphere within the furnace for heat transfer or
outgassing purposes. This patent discloses an eductor
30 to increase circulation within a furnace chamber but
does not use the eductor to recover helium or other

rare gases.



results in a pressure drop of the inlet heliumsupply (notive) thus
creating a venturi effect on the suction side of the eductor 20'. This
venturi evbecvispulls 25 helium supply 42 fromthe heat exdtangwi/ 14089 i n~~o
t he eductor 26 via stream56. The total flow of helium38 is directed to
each heat exchanger 40 via stream56. ' The total flow of helium 38 to each
heat exchanger 40 via stream 28 is neasused by fl ow neasuring device 32, 30
for exanple a rotanmeter, |ocated at the discharge of eductor 26. Helium gas
28 passed through filter 30,beL%%e, as;in Eo fl ow neasuring device 32.
This flow WO (1iFoiaod8speePdssiii Re7att 5 Prorighs 158 fepitednt o
conbi ned fl ow,gt ; RehiHREEEOM-$hEe RIS 28 saRH58y sBi aind A1 SRIEHRALS

make- up helium and stream 55 represents recovered helium Helium stream 42
from heat exchafigeecy0]lesebhelatiod anhr otghrsriarewdesser it wedwyerf or

exanpl e,/ val ves, 58, and_60, which. be.pmanual of automatic, passes
Throgh fi15eFoaa F8ePeRt0b PR RLEISP PRcU S, DS BREC0 Ered o it 1 ow
from each theatngxgbapgeingOteshaeasyye by flow measuring device 50, for
exanple, a rotaneter, located 10 after heliumstream 46 was treated from

filter 44. Helium 5%réanf26irrbds CRr BUGHIAPORIFBaSUBIRG S@EVIEE@T50 prior to
form ng he"uggﬁ&£§é§1§8-mb§95 thgncval ye a4 roWhiheh Joaxbe amnyal cor

automatic, at the suction to the eductor I's used to isolate the flaw of
hel i um 52 fr onplBoheningxchapgess4ont eghopmenscocenetehensipml3edf ess passage

to eductor 26, _Sj jmately 30%t0 70% f ly 40%to 600, of
the hel | um SUBBFy 05 CROhCRBAE GXCHARGE S4B~ S POB0VBr b R “RHETYLI cal

equi pment1g S EgEPLYegibOngONkhar rBghii wBLPULLEY e The nbehiumtgasnd@ . that is
not recovered escapes to atnosphere fromthe top and bottom openi ngs at
each heat exchangefusbhas . uaFeébverédrRelpuliPgRsO82 dgnd 6L Ccorr™dstilonal

cool er 36 can LRS I iLn_strea 8- - .t he | i to
entering heatmgggggnégb %gSE§W koglg?%lF%grgggké%pérg%ﬁgéqggtﬁgéd. Each
cool er may cooperseioh angl meahitkeyaatecodl thgst ebhes premt,t whandl s s and

control unit 34 and flow contral uynit 48 are optionally placed in the
systemto conP?BFlFHLaFE%wBSFe3&§lP oﬁPn&gﬁnS@ﬁélsV§9§ﬁF M8y, this
invention 30 ¢apLeaplatesna QE@?@hﬁgg okeeductors, preferably placed in
sequence to effectuate the gas fl ow V4' O (11/9259 PCTI ~1SU1/ 17?759 - 9

The systen1caﬁum@a@pePétébewﬁﬂwe@ﬁiﬁmthout recovery. Under normal operation
e e ot o o, BBLLLTL pypaE] Ul Sxstanmey Lopgplig g w nthe
effect draws theovecouer edlhehi.unThe process comprises a) passing a
first gas containing helium to an eductor to produce a
20 second gas; b) passing the second gas through a heat
exchanger to produce a third gas; and c) recovering the
third gas into the eductor to combine with the first
gas.
In one embodiment, the second gas may pass through
25 a cooler. The second gas and/or third gas may pass
through a rotometer. The third gas may be split into a
top portion and a bottom portion as it emerges from the
heat exchanger, and the flow of both the top portion
and the bottom portion as they emerge from the heat
30 exchanger may be partially regulated by flow control
means, for example, valves. Particulate removing

devices such as filters may be used to remove



fromthe heat exchanger into the suction of the educator If the manual

i sol ation valve at the suction to the educator is shut, the flow of helium
to each heawiexshanger is still controlled by the manual ceTtwol/1789val ve,
however, there is no recovered heliumflow fromthe heat exchanger. The
manual control valve could be replaced by an automatic control valve, if
desired. O her flow nmeasuring devices cogld al so be used to neasure tota
heliumflow to each heat exchanger and 15 total recovered heIiun1rom1from

each heat excha e educator .could be used t umto
one or sever dt®he! u%é%%aﬁ%%?s H?fege%?r%ﬁsABréﬂr §P| m%éﬁgPﬁ % oxygen
anal yzer coulghéxﬁif§ﬁaéégdlﬁnth@eegu@tb@n to educator 20 from stream 40.
This device 20 could close an automatic val ve on the suction of the
educat or or provud%sahse@ahﬂieaeedthe BarnnefeaEPENTeRNE Ri gHdreveélicof air
contaninants g he apges . ,Ibe ecovery

. technology is 'Qgﬁ%que E S%%cﬁ g§§gn§? %aﬁ Etlgggéhggggkgaﬁby the art in
a nunber of w@Wﬁoaﬂheueﬁ@ctorebased aeﬁegetyveypteesukel|zeetp®ﬁ$shye drop

across a venturi throat (eductor) to pull heliumfromthe optical fjber

cool i ng tube ERFEFFDL RN r BLIVePFeBATTSe @?FbYeaFFr?é@hhéPééytéﬁoﬁﬂbl|zes a
vacuum punp of GONpi €SS9 a teoheéhtLbe hel sumsfeom tBe epbi,cab hhber cooling
tube. The anount of heI|un1pu led fromthe cooling tube in prior art W O
01/ 9. 12s9 PCRLiSmMougiza® sugdbioneehnetogyntensivbs ofita eoftegchayagve
usual |y at theh'ﬁbet thﬁheng onpr £8S regéuggc gég %ﬁrrenkduggngology
for recovery also Utilizes angoxyge sensor t con F € aioun hel i um

pul I ed frnom theocodting Gréwber Ehetodygehreemsmatbmmhﬂsthheu@houhé of

hel i um pul | ed. fromthe cool.ing tube such that no coptam nants such as air
are also pul | B4 ¢ht e pRe2BdctibA bRet AESEBRAPPEsSBRA™OF vacuum punp. Since
nDst conpressors afd YacHURLPUIRS ahe sbzfdr-behnepRaCc|ELRS Lhatexceed the
10 anmount of helium needed to be -recovered, elimnation of a control valve
on the conpre@smrmeaswunpgSQQS|6howay ®eeuexamplgassvelammpﬂﬁto t he
recovery unit tﬂaidare n_excess e h annugg gf hel i nbfeg |n the
cool i ng” t ube. “Fht'& W T§+ r 28Rt 2 th% %ﬂ%p Oré n%%es P‘TS Bl

cont am nanmt s riﬁé)@befI@ﬁoyerMeaguieJhe educt or- based recovery technology
of this invention has no noving parts. The maxi num percentage of helium
recovered fromthe cooling tube is limted by the eductor design (throat

clearances) .pli.¢spexpested 20.khatan 5HB”‘°f 80% of helium can be
recovered fr oﬂTt$mr1xm$Th%—TU£e——tﬁus—e£§§Tnat|ng the possibility of air
contam nants to beddhawnobntotshefeeacovesyasgsténanthpgsseliiiilnatesrt he need
for automatic cont g into the recov uni.t and al so

el i m nates 25°¢ he %%%ds¥b?§3ﬂa39tEﬁ%laéﬁu%ﬁﬁ@nggeh§ﬁ¥18vlpﬁe use of the

present ixnovendd Sk i PPEoLABTT 868VEFehetiaMm bybbhenmdse ahdanheddeator and
wi t hout the use of nmoving parts such as conpressors, vacuum punps and

control val ve3CCATRHBVYRIt AEaVADENnt iBnWRASR 31 Beeh deser PEREATR R get ai
Wi th. fefefeﬂPépégséH€a€HBHdbEEQtsﬂsif'Qcaié gésaEQE%QEQEGQyEBQh there are

a
recovering and recycling gases according to this

invention.
25

Detailed Description of this Invention

This invention presents a concept to recover and
recycle helium used in optical fiber drawing station
heat exchangers without the need for rotating or

30 reciprocating compression eguipment. An object of this
invention is to provide an economical helium recovery

unit for optical fiber draw tower heat exchanger, which



V1' O 111/92;9 - 11 PCTIUSII | 11'7s9 nunber of other enbodi nents which axe
within the spirit and scope of the cl ains. WO IIl1/9-42;9 - 12 Wat is

cl ai med ivweo oPGIBFUJSF 1 |/ 177~9 1. A process for
a) passing a first gas (10) containing 5 heliumto an eductor (26) to

produce a second gas (28); b) passing the second gas (28) through a heat

recovering h@Crdmitop? i si ng:

exchanger (40) to produce a third gas {42)-; and c) recovering the third

gas (42) into the eductor (26) to conbine with the first gas (10).

10 2.

The process of cI 1 which further, co i se t he irst gas (10
f B gho0dls & e TR Sd: PARE e ekt for oy )
conpri ses pa%salrgltr\% Hd T Slm 98Sed 1@81{&1& oa@hwélmgafeq@imq 48 )

through a r egl

process of claim1

4. The

ich .further 20 conprises passing any of the gases

(10, 28, 42) nchrioegpar i essire r@@@(ﬂ%}f oﬁyfeq@fl)l ¢bht roeeldled from one of

g B0 D ST Rl Y (3 NEL BT TR ocese of claim

1 which fgrt hafe Rl B aSe passh e anyo ofo% hee@asesy(df) h&Bjiud2)ahdr ough 30
a flow neasuring device. VOIlill9-t259

t he gases.
- of the gases

10

15

20

25

30

most preferably over 80% recovery of helium, for

nominal heat exchanger helium feed rates preferably

between 5 slpm and 50 slpm, and more preferably between

10 slpm and 40 slpm, and most preferably between 15 to
30 glpm per heat exchanger.

The process flow diagram for this approach is
gshown as Fig. 1. Helium 10 is fed to each heat
exchanger 40 through flow measuring device 12, for
example, a rotameter, prior to passing to pressure
regulator 14. The helium gas (known as motive) then
passes through pressure measuring device 16 and then
through control valve 18, which may be a manual or
automatic valve, before this pressure regulated helium
20 passes through a flow measuring device 22, for
example, a rctameter, and particulate filter 24, before
entering eductor 26. The eductor nozzle configuration
results in a pressure drop of the inlet helium supply
(motive) thus creating a venturi effect on the suction
side of the eductor 26. This venturi effect pulls
helium supply 42 from the heat exchanger 40, in:to the
eductor 26 via stream 56. The total flow of helium 38
igs directed to each heat exchanger 40 via stream 56.
The total flow of heiium 38 to each heat exchanger 40
via stream 28 is measured by flow measuring device 32,
for example a rotameter, located at the discharge of
eductor 26. Helium gas 28 passed through filter 30

before passing to flow measuring device 32. This flow
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top and bottom openings at each heat exchanger 40 as

unrecovered helium gas 62 and 64.
An optional cooler 36 can be installed in stream

28 to cool the helium prior to entering heat exchanger
25 40. A plurality of coolers may be used. Each cooler

may comprise of a plurality of cooling tubes. Purity

analysis and control unit 34 and flow control unit 48

are optionally placed in the system to control the flow

of gas flowing in the system. Further, this invention
30 contemplates a plurality of eductors, preferably placed

in sequence to effectuate the gas flow.
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5 eductor, the venturi effect draws the recovered helium
from the heat exchanger into the suction of the
eductor. If the manual isolation valve at the suction
to the eductor is shut, the flow of helium to each heat
exchanger is still controlled by the manual control
10 valve, however, there is no recovered helium flow from
the heat exchanger. The manual control valve could be
replaced by an automatic control valve, 1f desired.
Other flow measuring devices could also be used to
measure total heiium flow to each heat exchanger and
15 total recovered helium flow from each heat exchanger.
A single eductor could be usea to supply helium to one
or several heat exchangers, if desired. As an option,
an in-situ oxygen analyzer could be installed on the
suction to eductor 20 from stream 40. This device
20 could close an automatic wvalve on the suction of the
eductor or provide an alarm based on an indication of a
high level of air contaminants from the fiber heat
exchanger.
The small-scale recovery technology is a unique
25 technology not taught or suggested by the art in a
number of ways. The eductor-based recovery system
utilizes pressure drop across a venturi throat
(eductor) to pull helium from the optical fiber cooling
tube and into the recovery unit. Prior art technology
30 utilizes a vacuum pump or compressor to pull the helium
from the optical fiber cooling tube. The amount of

helium pulled from the cooling tube in prior art
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technology consists of a control wvalve usually at the
inlet to the compressor or vacuum pump. Current
technology for recovery also utilizes an oxygen sensor
to control the amount of helium pulled from the cooling

5 tube. The oxygen sensor limits the amount of helium
pulled from the cooling tube such that no contaminants
such as alr are also pulled into the suction of the
compressor oY vacuum pump. Since most compfessors and
vacuum pumps are sized for capacities that exceed the

10 amount of helium needed to be recovered, elimination of
a conprol valve on the compressor or pump suction may
result in gas wvolume into the recovery unit that are in
excess of the amount of helium fed into the cooling
tube. This will result in the pump or compressor

15 pulling contaminants into the recovery unit.

The eductor-based recovery technology of this
invention has no moving parts. The maximum percentage
of helium recovered from the cooling tube is limited by
the eductor design (throat clearances). It is expected

20 that & maximum of 80% of helium can be recovered from
the cooling tube, thus eliminating the possibility of
air contaminants to be drawn into the recovery system.
This eliminates the need for automatic control of
helium gas into the recovery unit and also eliminates

25 the need for analvtical equipment.

Now, by the use of the present invention, one can
recover helium by the use of an eductor, and without
the use of moving parts such as compressors, vacuum
pumps and control valwves. Although the invention has

30 been described in detail with reference to the

embodiment herein, it is appreciated that there are a
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number of other embodiments which are within the spirit

and scope of the claims.
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2. The process of claim 1 which further
comprises passing the first gas (10) through a
regulator (14).
15 3. The process of claim 1 which further

comprises passing the first gas (10) through a manual

valve (18).

4. The process of claim 1 which further
20 comprises passing any of the gases (10, 28, 42) through
a pressure regulator (14) controiled from one of the

gases.

5. The process of claim 1 which further
25 comprises passing any of the gases (10, 28, 42) through

a cooler (36).

6. The process of claim 1 which further
comprises passing any of the gases (10, 28, 42) through

30 a flow measuring device.
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first or third gas.

20 11. The process of claim 1 wherein the second gas
(28) is split into a plurality of locations on the

cooling tube (36).

12. The process of claim 1 wherein the second gas
25 (28) is split into a plurality of cooling tubes (36).
13. The process of claim 1 wherein the third gas

(42) is split into a plurality of locations on the
cooling tube.
30
14. The process of claim 1 wherein the third gas

(42) is split into a plurality of cooling tubes.
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passing the top portion and bottom portion through at

least one flow control means (58, 60).

10 17. The process of claim 16 wherein the flow

control means (58, 60) is a wvalve.

18. The process of claim 1 which further
comprises passing the third gas (42) through a filter

15 (44) to remove particulates.

19. The process of claim 1 which further

comprises a plurality of eductors.



