PORTIO NS
OF THIS
D O c U M E \ T
m EG BL ?




BLANK PAGE



N S UTI VRS I
o T

TITLE:  vacuum Pumping of Tritium in Fu.:ion Powar Reactors™

/\UTHOR(S) Don 0. Coflfin, €. R. Wal'hers

SUSBMITTED TO: Papor Lo be presenloed ai postoer sesdion @4 800

Syrwoalum en Faglneraring probhlems of Fusion Soweareh,
CUSY TR L CTPIS TN BRI SN EARCT I I S I A ISRV SURCIE Y CHPI LY

subsequont iy publisdie! ca Proceediv )

Asan Gy
.
et e
[ .
Lot
[

Ia

*llork completed under Che inmeipice: ul the UL ED Deparbacenl of hnerpy

aliforn

"’
L)

i
f

[t scernlaner uf 1lis miicly, 1he palbdester racsgnmzos thad the

LN AT i emeal ke wfe sl lejas gpalty e ke

tyo

Ui putded o ooy e pealinlad e 0w
ton, o1 e athey others 10 dusn, lor Ul Goosteesid qa
RN

IVersSl

The Los Alodws fSienmnhic Lobocatoay Bnueiis e 10ee i
hslwe nlratly s acticle as wurk nalormes) tneler 11 aa -
picey ol the UK, Digretivsmd ? ooy

e N

LOS ALAMOS SOTENT FICLAZORATH Y

BOSEEL 2 it h a0 hy Laeried oo S, 1 o e S s L
An Aftiemnativis Acticn/Gual O erianiy Brnpleysr

Fuom Mo, itk 1L, TR
Ol dee Ao TR S I RN a0

by CICRRT T MUY Wl L LTI RA | IR


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.
 
 For additional information or comments, contact: 
 
 Library Without Walls Project 
 Los Alamos National Laboratory Research Library
 Los Alamos, NM 87544 
 Phone: (505)667-4448 
 E-mail: lwwp@lanl.gov


VACUUM PUMPING OF TRITIUM IN FUSION POWER REACTORS

Don 0. Coffin
Los Alamos Scientific Laboratory
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Los Alamns, New Mexico 87545

Charles R. Walthers
Grumman Aerospace Corporation
BRethpage, New York 11714

Sumnary

The high vacuum pumping requirements of fusicn
reactors are well enough defined to identify sevaral
candidate vacuum pump designs. The most promising
approach 1is cryogenic pumping, because staned or
compound cryopanels are capable of producing high
specific pumping speeds for both halium and hydrogea
isotopes. Compound cryopumps of three different
degigns will be tested with deuterium-tritium (NT)
mixtures under simulated fusion reactor conditions at
tha Tritium Systems Test Assembly (TSTA) now being
constructed at the Los Alamos Scientific Labhoratory
(1ASLY. Th= first of theas pumps 1is already in

operation, and its preliminary performince s
presanted. The sannrorting vazuam  facility amceriav-y
Fy rasaparara beage fogioa Farility crvancape 0 ol
Jaseribad. The na2:nt zZeaaration of fu.iva aystea
vacuum pumps  may iaclude non-cryogenic o
conventional-cryogenic hybrid systems, s~ueral of

which are discassed.

Requirements

The nrahlama saansintrad wilicth hiak s = mestsmn e — e 'l



Kequirements

The probleas associated with high vacuwn punping
of fusicn devices are well documented: pulsed
op»-ation at very high pumping speeds; handling
mixtures of both radioactive tritium and helium in
tha exhaust stream; maintenance difficulties arising
from inaccessibility and matecial activation. At the
LASL Tritium Systems Test Assembiy (TSTA), all the
principal haridware requirnd fee fual procesaing in Di-
burning reactars will be tested and qualified. Amonj;
the fuictions iueludad at 1STA are rewoval of heliun
and othe~r impuriti=3. 15.iapic sepacation, DY wlvine,
plasea Vnel o Lugestion, rraastec pad o high LTI
Jteing, and vacuum cump rageneration. To br  azcept-
able for fusion applications, TSTA high vacuum pumps
ttsik aaat tue following raquirnrmaents:

o Provida hiphast pumping speeds;

v Pump mixtuc=s o N[, helium, and pla.ma
chamber impuritias;

o Produce basea pressures of 10 ntorr or less;

o Be unaffected by pulsed gas loads and brief

excursions to pressures of | mtovr.

la oaddition to tuhe above reguirements the following
frrtures are desirable:

0 Haliem a=aaatica Jrelon pumping;
o l.ow mainteaans» daginn.

Candidave Puwp Doasigns

LASLZESTA Geyooumny (Miv. 1),

Sievoral pump fd23izas shienbld waat the requiremsnts
gLva abhove; o common f:iture iz placemant of
wyidrorsa pump in s2rie3 with a haliam puap. Awrber
{eontere, Jdegizabls in somes desizgnz and  waadatory  ia
o v+ra, 113 a2 valve ur coabietanca limirer  halyaeq
sta175. The nnmps to be evaluatad filcst aader tis
T3UA proatram ave Fyn=3*10a cr-/rw_ani.c oempa, Qae oo f
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thase pumps has been procured by LASL and is already
operational; the other two pumps will be fabricated
and supplied to LASL by Broohaven National Laboratory
(BNL) and by Lawreaz~ Liverrore Liworatory (LLL).
Desizn punpiog spaad43 Jor a'l tha TSTA cr opumfs are
16 n? s™! for d:-uterium and 1.5-5 m’ s~ for
helium. D=3izn capaciti-s for thase same gas~s are 2
roles anl N.?2 =ole ra:_actively,
L+ L. EL-coneaivaa -~imp, Tl 174}, was 3
3>-ca-diam top inlar port, a 15-cm-diam  helium
- .T-n=Cithsn o nart an tha dortom, and a A-ecq=diam o sid-
po-t for Di v2z=n2raciorn. Coacantric cylindzrs form
Lam rwo staza’l: En= out=r cylinder consists of 909
Valoodnl Cogper Zo=7701s, cae iaz:r, sieemLd *d
cylind2:r is an anaulus coatad with 5A molecular
sieve, Originally intendad for operarion with a
closed cycle r2frigerator, ih: LASL pump is prasaatly
cooled Ly contiauous liyuid helium Elow. Charcoal 1is
th> adserdanc in th= L cryopuma, Fiz. 1(B); th=
pia>ls are flar, and th» pump in'et 1s at the
bo:rwn. Bl has davalope! 1 new mathod o bowling
cvitcnal to rhe ccyspanal Ly castiaz it 1= a nmatrix




of a lowmelting alloy.l Thea tritium compatibility
and thermal conluctivity problems inhererat in epoxy
bonded designs are thus avoided. Cylindrical geomntry
and radial flow charactarize the LLL pump, Fig. 1(C).
After passing through the 77 K shields and 4 X«
DT-cryocondensing chevrons, helium is cryotrappad by
continuous argon spray on a smooth 4 K suvrface, The
argon, which is injected through vertical spray
rubes, traps one part of helium to every 15-30 parts
of argon.z Helium reservoirs within the pump bodies
maintain the cryo-surfaces near 4 K for both the BNL
and LLL eryopumps.

In each of these pumps helium is separated from
the other torus effluents as a consequence of the
basic pump design. If this separation is to be
maintainad during panel regenaration, the helium
evolution rate rust be carefully matched to the
regeneration pump speed; otherwise excessive
pressures will cau-e gaseous conduction and rhaimal
runaway. 7The helium is regenerated first, since it
can pass over the frozen DT on the condensing panel
without being condensed or adsorbed. Once the helium
is degorbad, the hrlium regeneration pump may be
valved off, and the contents of the cryocondensing
paaal i3 wvaporizad aad pumpsd away by o diffacear s-i
of pumps at fairly high pressures. During this phaase
e palinm cevasorhasr rmdr ha  heps  cnarm ooaduzxzh b

avocaat DT fvom ceadaerbicg on i,

Valve for Staga Separation (Fig. 1(D))

Separatio:t of ths pump stagrs with a valwe or con--
ductaace liwiter 18 dnsirabla on somm pump desigia.
For compounii ccyopnmps rh~ advantage of a valve iy
that the Ha2/DT separation achievaed during normal
oparation can Le naintained svea wiitle th> pump is
being regrnarated at high pressure (1-10 torr).
Reganerating both puap punels simultaneously at high
pregsure could increasa the pump duty ecycle from 50%
to over 80X and result in a significanl system cost
savings, bacaus? the number of pumps necdad s
greatly roduceid.  An absolulio valve is npot  anecusery
becauge traces of DI cqa ber remuved Leun the
ragenerated heliam by an anxiliary tririum was. o
treatment system bofora it is  expellnd. Significant.
helitm Tankga to tas 270 wvare max™ Lo Viei, o,
Jieauga pelicm degrides  thr eiticiency  of  tna
¢cyvseaie  discilidkion columas Lthat separate tir -
hvdrozan isotopes. A valve b~atwean stagas also
elininatss contamination of the cryosorbar by gaseas
evolvad from tha cryocondenser. 7There is then no need
tn heak the ervogozber during regeneration, Eurther

1thing cycle time and extendine +ha 175 - .o



To over BU% and result i1n a signitican! system cost
savings, bacaus2 the number of puwps needed is
greatly reduced.  Aa absoluts valve 15 not  accessars

because traces ol DY c¢an be reaoved Lioom the
regenerated helium by an auxiliary tritium  waaste
treatment system bafera it is  exnelled. Siznificant
heliwm loecaza w0 tha I gUase mus® Do Viedioed,
Gacaena holiom dearaass tuR efificiency of tna
ceyogente  disciliation columas that  separate tia
hydrozen isotopes. A valva batwesa stazas alson

atiminatas conramination of the cryosorbar by zises
evolvad from tha cryocondansar. There is theua no n-oed
tn QWaeat tha c~vasorhar duriag regaaeratrion, fuarthar
curting cycle tima and exteading the lite of tha
cryosorber.

Alternate Pumping Arracasments

Paysical s=2paration of tha pump stages with
valva or conductanca limiter is mandatory on the pump
drsigns shown ia Fig., 2. Thes~ hybrids ai» an oil
difrfusion pump or tucsbopump for tbh>  telinn. Duaving
D1 regeparacion, tae condecraas~  lialtar 15 closad,
aad the gas on tiue DT srage (condsasar or gobttar) i;
rogoaarcated aad Fo%en off ro e purifiad tor yeo-a,
A conductance limiter, rather than an absolara  valva,
cia ba usad to separate tha  gtagas dnring DT
cugrnaracion. Levcayr 0f WU pa thy b dibew sump can
ba  pravantad by waiataiuinz a sitghriy positiva
prassure of Dy on the helium :sid2 of ths coaductance
Lmtvar.

Prassucizatioen wita  gaseous  danrerium provoears
toicinm contamiaation of tus difdusion puap oi! n-
Lurdasamp b=ariag Tubrieant; nax Loum CRUtarium

poryisuca 1S approaximataiy i) lorr, woll Balaw o s




ZrAz

Gener\

Cryoconder-ser

-&ﬂ

[j<<<<<<<"

gifr'u.sion
ump or. i R
Turbopump =

Cmducmnr ; \\_(,_'l/
Limitar I_f-

Fig. 2. Valved hybrid fusion vacuum punps
(LY, surfaces not shown).

explosive range. If the turbopump has magnatic
bearings, slight tritium leakagze can even be passed
through the turbopump and removed by the TSTA tritium
waste treatment system. Curreatly available turho-
pumps are too small for fusion applications, bhut
pumps as larga as 10 m3 s'l, have baen bullt, =nn
turbopumps suaitabla for heluim may become coTiar-
cially available.

a5 ga altarnative to cryocoadaasarioa a uon-avapo-
rable getter can puwmp tue DI gas, as indicated in
Fig. 2(b), buat som= precautioas emst be obaorved  wilh
this approqche  Tie ravoriible Dl=govptineg caojicais
of tha gotter i1s dagradal by pumplnz active gasas,
Liquid nitrozen trapi upst.2am of Ethe gatter remave
condeasable inpurities (#iy0, MNH3, CJ3) but  sowe
permanent gases and hydcocarbons (GO, 0., Ng,
CHy) will reach the getrer, as the  projeciad
hydrocarbon impurity 1lavel for plasma exhausts  1s
about 0.1%. If tha ygatters 1is operatad at low
temperatures, the adso-ption of permanant gases and
hydrocarbons will be r-zligible. Anoth2r concern i
that base pressure way be tao high, but again the
solutica .a to opavcat: ' gati~r at relariv 'y Ty
temperatares. Pumpiang spae«d for hydrogea isoropwvs 1is
nearcly censtaat from 300 R to 675 K, so  oparatiug

ag 8o
I

or balesy 375 X fh TR [N satis i orary byopoe
Actsr . Iy il chem ol asiag g gctites (e
DY opvmpiag o ws o Pt af arovidiag sufliciant ho) i

coductancea through the gatter array, so that the
socot staza pump is 1bls to maiatain a  satilsfactory
helinm basa pressure within the torus. Vacuum
conductaace calculations should be made to optimize

h=liuu vonductaace through getrer arrays that have
adeanats DT Amnaa=!s. -




LrepeiaLUSeS, permanant gases and
hydrocarbons will be n=gligible. Anothar concern is
that basa pressura may be too high, but again the

at relatively low

solution is to operate ti:» getier
Pumping spaed for hydrogen isotop=s 1is

wne aagsoTprion ot

temperatures.

nearly constaant from 309 K to 675 K, so oparating at

or balowv 375 K sa~a’d  give  satisfazrory  base
1l.'- o

Tha Iiwal cabhiem with nstazy o g-frer
sufficient helicm

so that the
A 3atiuf.ocrorsy
torus. Vazuum
mad~ to optiniza

arcays ruat  pave

DIASINTIS.
DT purmpiag s thart of arowidifag
coriductanca through the getter array,
socandl stoge pump is abisa to maintain
heliza basa pressure within the
conductance calculations shouled be
h=lica ~unductaac2 ti-ouga | lter
adequate DT capacity and pumping speed.

On=2 furthar appcoach to staged pumping of hydrognn
isotopa2s and helium is saown in Fig. 3. Th~ advan-
tage of this configuration is that the halium pan=!
may be raganarated at nigh pressure without thermal

Ze Al - i:l B R R B
a8 580,
el 3]l ] O o
LNz -/—//———/—4"'-!":";‘-l 1”":’. s 'i:'ﬁ_nrc‘gal
Surfasas Iz or Ar
L R Crvoiranpinn
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Fig. 4. 7T8IA vacuum syetem.

effects causing tha simultaneous release of the DT on
th> aljacunt getter, 50 no wvalve is qp-adad  Larwsea
stages. During getter rageneration the cryosorder
HAT noF b couFaminarad by ocha satead BF, Rer LG
ciin be pravearsd by esamneraat hoesricg of tan
sorption panel.

TOHTL Viicvn g Syuiom

e —— o - a—

General Dnscrigrigﬂ

The TSTA vacuiam system (Fip. 4) is a test stand
for evaluating liigh vacuum pumps for fusion reactors,
and its key features are:

DT gas injection

Torus simulator volume
40-cm absolute valves
Liquid nitrogaa trap
Heliumn regeaeration pumpse
DT rexeneration pumps.

000OO0OOO




wlivy AaLb ey AvEiUrts A5

o DT gas injection

o Torus simulator volune

o 40-cm absolute valves

o Liquid nitrogaen Erap

o Heliu regeneration pumps
o UT reyeneration pumpsz.

Cortnouad ~orermic soa " ronlily swalantl
Yoeopaz O SRE Lpacial pwanitiag path used  only foo
heliunm regeneration. iha objective of the vacuum

ayslam Ly ro test tha torus high vacuum  pamps  aad
{uerlr supporfing hardwara under realistic coadicions
of preazure, gas mixture aad duty cycle for long
grtieda. T2 appreaoriate pas wix is  diwvartodl Feom
thz TSTA main stream and injected into a torus
simulator, from which it is pumpad by one of rhe TSTA
ccyopumps and than returned to tha main loop during
the regonaration cycle. Thz helium 1is unov  returnad
to the muin procass stream, bu* is  exhausted through
a Zr~Al getter by a magnetiz bearing  turbupump  and
oil-sealed rotary vane pump. Tha room temparature
TADILE 1
CRAYOPANEL REGENERATION PARAMETERS

Boquiremant Cryosorbac (ile)  Gryocondensar (IT)
Basa Preysured 10-9 s(10)~2
Piai Predsure

During Dagan, 2010)™0 Pt
Ex!itaust Praganca 300 300-7410
Ocpgante-frea No Yi 3
linab Lo Goatainment tio Yea

DAL peardsuaceg sivea a btocr
Al



gettoer captures any trace amounts of DT evolved during
helium regeneration. The nelium has already be~n
{iltered by its passage over the 4 K crvocond-nsers.

Regenerative Pumping Trains

Separate pumps are used for regeneration of the
helium cryosorber and DT cryocondenser panels because
tha requirements differ: somn~ cnaracteristic of both
processes are given in Table I.

Cryosorber Regeneration. To regenarate helium
from a cryosorber panel requires high helium pumping
speeds at pressures below gas coaduction donsities.
This requirement can be met with a turbopump backed
by an oil-sealed rotary pump. Because we could not
absolutely ensure that there would Dbe no DT
contamination of th» helium, we chose a maznatic-
bearing (aon-lubrizatad) turbopump and a herm:atically
soaled rotary pump with dncted exhaast.

Cryocondenger Regeneration. For DT panel regenar-
ation two pumps meet the base pressure requiremants,
but neither is completely satisfactory in its normal
configuration. The Normatex* bellows-scroll deasiga
has be=n uszed succesafully for  FEurop=an UV,
applicatioans for move than 25 ycars. This punp is
comnlately free of organics and is  driven theoush A

.3

covtal halleys s oaat, The [8TN zoplicarion cal's Lor
swaller puwap  than v praauziion nwed-el, aat
prototype is being built and tested by Nonaeiox. Lt

will be installed im TSTA  later if the prototyp»
Ltasts acc uuccossflul.,

An alternate dasign derives from Roots blowers,
which are readily available in a variety of sizes,
The main drawback of cu:srently available pumps lieu
in the design of the rotour shalt scal that separales
the dry pumping chamber from the gearbox and bearing
lubricants. On some recent models, this seal has
been upgraded from an open labvrinth to a pimton rine




An alternate dasign darives from Roota
which are readily available in a variety of
The main drawback of cu:rently available pumps lies -
in the dasign of the rotur shalt scal that seporaies
the dry pumpiug chambar fro. tne gearbox and bearing
lubricants. On some trecent wodels, this secal has
been upgraded from an open labyrinth to a piston ring
configuration, which provides a more positive seal.
Our current approich is to supplement these piston-

blowers,
gizey.

ring seals vith continuous pneping on the gaarbox  and
seal housings to assure that no lubricant is
transferrnd to the D' »numning  chamber, Concurrontly

wa are also atrematiaz to develop  an

(AN LY v B 1]
pasitive Lhalt ol

v raagseaciou wivh Feveor Teidie
Carg.™ Wa axpact to  ceceive madifind  Farrofluidic
seals carly in 1980, and theae will be installad and
t~ared in a Leybatlds W3-152 Ronts bYlower.

Either the Roots or Normetex pump requiras a
tocepunp to complat: comprasaion and transfer buac't to
the main process loop at 500-800 torr. Wa have
chosen metal buellows pumps for this application
bacausa of their freadom fcom organics, seimple and
reliuble design, and long service life. To achinrve
the required throughpur and overall coapression
yatio, two double-staga MB=601 puaps, munufactured by
M2tal Ballows Corp.,Tt are arranged in a sories—
picallel configuration.

Secoudary Coatdiuaant

doubls conta‘umeat is p-ovidad for all thr br-
rox-cumcation (Roots and metal bhollows) pumps. At
Y3TN o DT pressnce in ecien of /5 torr is thae
TEMarmet o 5.A., 13 Rus ds la Brasiarie, Font-Andamer,
France
**porrofluidics Corp., 144 Middlesax Turnpike,
Burliagton, MA 01303
4+ Matal Ballows Corporation, {173 Providasce Wichway,
hacon, MA 02067

T Leybal.l llerasus, 200 52co R9ad, Monraaviile, 2,
15146




genaral criterion for double containment. The Reoots
blower case i1s a casting, made in sections s~aled
with elastomer o-rings. Tritium will permeate bovi
these materials, so double containm:nt is provided
evan though operating pressure is well below 75 torr.
We will also replace the clastomeric static seals
with metal compression secals if possible. Sncondary
containmant of the rest of the vacuum system is not
contemplated because of low DT prieessure, relatively
small inventories of tritium within the crycpuwp, and
tha high mechanical integrity inherent in hard seals
and vacuum chamber walls.

Valve Selection

Elastomars are not normally wused for fuaion
devices because they are not  tritium-compatible.
Polyimide or matal seals are used on all TSTA valves
except for the large gate valves that close for
ceyopnop ond cold trap rogeasratiow. Ecvnomy was  one
reason for using elastomers in this location. 1In the
40-cm size needed, a polyimide valve costs four times
as much as a soft seal valve. Several laborvatorics
and manufacturers are working on the problem of
absolute hard-seal vnlves,3 but fusion  vacvum
system deiizaars nead to balance tha high  custa of
large hard valves agaiust the known deficivacies of
nlastoasrs.  One dasiga practice s a donbhin aealad
g.ve wita nelapeadaar svacaac Lo Betwensa i oo,
More data is neadad to oanable designers o predict
seal life and to estahlish replacewent schadules for

elastome:s expaged to rritiuw  at rhe coouerntral foasn
eacountar~d in hish vacuum systema. Virtuilly na
low-concontration exposure data exists, and  the
nature of tritinm-organic interactions wikeo it

difficult to predict s~al 1life from eoxisting data,
moat of which cows frum othar types of radiation.
The use of soft s~al valves in the TSTA vacuum system
will provide suma of ths necdad data, and this is
another reason for choosing them. Actual eeal
leakage will be monitored during long exposures to
operational DT concentrations, and thege data will
establisli  whether elastomoar-sealad valvas are
acceptable in fusion reactor vacuom systems,




anotner reason ror choosing Cham. Actual seal
leakage will be monitored during long exposures to
operational DT concentrations, and these data will
establish whether elastomar-gsealed valves are
acceptable in fusion reactor vacuum systems.

The TSTA Compound Crropump

Coaemal Posaciption

Th2 TSTA cryopump is the first design to adress
Uheroainigus vacuum Zevuirements oL an vpercating tusioa
rractor by employing staged cryopanalu. Attompts  to
punp hydrozza aad halium on a sintle cryosurface  have
met  wiltin oaly liaitad success. Expuguce of a
hydcogen/helium gas mix to a 4 K cryoceondenser
results in negligible h=lium pumping.4 If a
cryosorher is subsititvtad for thr cryocondansier, the
hydrogan quickly ices over the sorbeat surfaza aud
renders it ineffactive for pumping the helium. Tha
TSTA design avoids thaase (difficulties by staginz the
cryopumning proca2ss, All thes hydrogen isotop-3 are
trozma wa an oprically deass  cryocond=asing  citvvron
arcay, witesn dlaa ghitelds i gecoad sraga  weyaorhoep
from all cond=nsable gasa; w0 that it can  odsorh
halinum most efFfacrivaly.

Both panels are refrigerated by continuons flow
ol biquil balinm,  “hs concant Geal Teak Froa b
transfer lina,  conpled  wirh a controllable
rfrigeranr flow rate, allows uy to vary tha quality
of halinm passing through th2 creynpanals from liquid
to  iaperheatad  vapor. The  reanlting temparaturs
cottrol allows i to Jdagorh hetiem from ths mo! oniare
sioer e withonr disgtusbing the DF gtill fooeson ou the
bjaceat crgacond2agse. e eoaaliving DY coieat a-

doaenaevepgiy b thesmil g ot antianat o !

L TP H




lubricated pumps to transfer tha regenerated helium
through a tritium waste treatment system before it 1is
released from the facility. We have been operating
this cryopump since March, 1979, and it has success-
fully pumped hydrogen, druterium, helium, and
nitrogrn, as well as various mixtures of hydrogan,
dauterium, helium, and argon.

Pumping Speed Measurements

Our pumping speads were calculated from
measuremants of prassure end feed rate. A
glusa-enclosed Bayard-Alpcct gaga, with manufacturer
supplied seunsitivity corractions, was used to
determine heliun and deuterium pressures. Feed rate
was determined by timing the displacement in an
inclined oil burette. The burette was calibrated by
comparing 1its volumetric change rate to that
calculated from the pressure/tima behavior of rthe
araled eryopump housinzg as it colieeted tha (.~d
gas. Test gas was admitted t~ the cryopump by a
diffuser ring which directead the gas against the
inlet closur= plate.

Helium Performance. Tha molecular siefva  was
bhakad out ar 525-573 ¥ for 24 h immediately precediag

the test. 1€ no bakeont was parformed within a lew
huat=s haforas tasring, Lrelinm parfarmanes wis  daratad
serceepiad b sy A ax cganle, i thy wad e o
sieve  wis quickly cooled  altrer  bakeonr  and
measurements begun wirhin  a few  hours, gpoed
gradually decreanad with loading from 2 te | o)
s§~! as 590 toer L of haliuw wure sarbeld. On  ‘tite

othrr haad, il several days elapsed  altes wakeoat,
than the same decreas2 in spead occurred bafoce S0
tocr L had bran pumpad. The probable cause of this
degraded pocfermaace is  the  small but.  coastant
pumping of condensable impuritias by the sieve during
amhient tewmperature vacuun rRposura. This
characteristic of mulecular gieve limits its
usefulness for fusioun pumping applications unlegs the
cryosorber is isolatnd by a wvalve when it 1is not
pumping halium.



degraded porformanca is the small but consatant
pumping of condansable impuritias by the sieve during
ambient temperatura vacuua exposure. Thia
characteristic of wmolecular gsieve limits its
usafulness for fusion pumping applications unlegs the
cryosorber is isolated by a valve when it is not
pumping helium.

Fig. 5 shows th> spead vs loading of tha TSTA 5A
molecular sieva for U4y fosd rates. Parformanca of
th> TAST, c-cy nan-har in camnacad  with data nablishsd
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thoe 77 K chavrons, throat, and 4 K chavrons of the
TSIA pump. At a loading of 0,04 torr L ca”2, the
ditfusion rate of helium into the molecular sieve
apparently becomes rhe limiting restriction on
punping speed and the data becom= similar. The data
of the high-feed-rate run were obtainad after the
helium sorbed during the first run was pumped away 1in
a controlled pressure regeneration. We accomplished
the latter by reducing 1liquid helium flow to the
cryosorber while maintaining normal flow to the
cryocondenser, and as transfer lins heat leak warmad
tha inner Banel, helium was deasorbed at pressures
around 10™% torr. Wa conasidared reganeration to he
complete whea the cryosorber temperature reached 15 K.

At higher feed rates the performaace of the punp
varind greatly, so we report only gencral ohserva-
tions, Aa feed rates were 1ncrrased from 1072 to
104 torr L 57! cw 2, initial speed doclinad Dby
approximately a facto~ of thr»e. At  thase higuer
fead rates speed aleo decreased more rapidly as a
function of quantity sorbed. 1If flow was pulsed on a
2 min on, 3 min off schadule, tha speed reduction was
not as marked, and base presasure recovernd to the
starting valua during the off period. Flow wos

variad bhatwasa 1079 aad 1074 tore L il cr?
in & pulsaed mode with cupratable vesnlts antil the
et ity sorthad Lacawme a Caetoc. T duptizadions
Far  Fusion  pusplag A7 whaeds T cilaseign in

pumping speeds at  high=y fecds and precsures  1s
disappointing, and this may bur the factur which
drives ceyopunp designg oa the othoar  hant! bt qaicek
recovery at: lowar pressuces aitd cyclic foeeds is
encouraging. During TiTA oparation we will conduct
many more experiments witii this pump with realistic

ga3d mixtures and pressure loading cycles.
’



disappointing, and tnis way be CrChe factor which
drives cryoyuap dasign; oa the othar hand tha quick
recovery al lower pressures aud cyclic feeds is
encouraging. During T3TA oparation we will conduct
many more exparimaats with thie pump with realistic
gas mixtures and pressure loading cycles.

Deuterium Performanci-. The design spand  forx
deuterium was 16 w0 s l. Actual rerasured
per formaace rangad fron 2 tc 8 m3 s~l. This poor
per formance may b due to poor cryogenic insulation,
which gives risa to warn spots on the cryocondeannr
panel. Puxping spaad avasucsmants with nitranen  tend
to confirm this hypoih:sss, and lead to a predictel
dauterina spaed af 1/ ptd s'l. substaatially in
agreamant with th+ d-sign wvalue. Wa nus plan to
thoroezhly dnarrimens tha - cyncoodsagar  saacrers and
Lhavroas v uzasuca Punparzture  gradients, This
should provida a bastd foc wodifyinz tua structuczal
snaporta tn improve tharmal isolation and auzmant
dzuiurivm pumping pecformanca.

Mivtusa Parfovmanca. Mixtures of Jdaaterivm  auwl
halium hava be2an pusped at feed ratas raaging from
0.0l to 0.3 torr L sl for asaveral hours. The
apparent mixture sp2ed varied from 1 to 8 w03 s'l,
bul th= :sp=2ad deitermination required an assumptioan of
gas mixture conceatration within the pump body.  This
assumption waa nexd2d to astablish aa ioa gage
s~unsitivity and was, in turan, based upon tha relative
neasurd pumping speads of the Lwo cryonanels. In
gaite of tha cumulative errar in these wstimationa of
pi-aping spead, th2 ob3zarved performanca ayr=s  wiih
nxpactations has=d upon purs gas b=2uavior of tha
individual panela. Tha degree ol helima  soga-qtion




attained during operation ard regeneration was
measured and found satisfactory to qualify the punp
as the TSTA helium remover. The pump ‘18 operated
normally with a 90/10 mixture of Hp/Hr, and agzain
with a 90/5/5 mixture of Dp/He/Ar. After a
suitable period the feed gas supply was shut off and
a controlled pressure regeneration of the helium
cryosorber was performad, as previously described.
Then the pump body was sealed and allowad to warm to
room tomperature. The gases thus evolved from the
cryocondenser were then analyzed for helium. The
helium mole fractions appearing in the regenerated
H and_D3/Ar mix respactively were 2.7x10"% and
l.4x10'5, which agrees with data reportad by Chou
and Halama.# The DT stream can tharefore be passed
back to the main fuel loop without further helium
removal.

Conclusions

Vacuum pumps for the first DI-burning {fusion
machine will have bean operated at the TSTA under
realistic conditions in advance ot hardware
comnitments. Compound cryopumps are the proaseat
front runners for high vacuum fusioa applicatious,
and tha first 3 ;+n23 tu b2 tested at TSTA =0

variations or this d2siga approuach. The Jilgsl
th2ge designs, a crvopump designed at LASL, is
voecerional aad Bag pemaed al&tures of Jdoiecianm,
ny:vogan, and heli .. Tha coacapt  of  waing  a

compuund cryopump a&s tha fuel systoam halivm  osh
separgtor has beea suzcessfully demanstrared. L1
the auxiliary tritico-compalbib!s  vacinoa o oQusis
for the TSTA vacuua sy:sten have been procnrad, and
these will be expasal  te realistic tritium
coacentrations over the long periodl of TSTA
oparation. The razulling data paca wil!l be  of
considerable value to d:signers of DT-burning fusion
deavices.
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