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Sumnary

The high vacuum pumping requirements of fusicn
reactors are well enough defined to identify sevaral
candidate vacuum pump dasigns. The most promising
approach is 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 (DT)
mixtures under simulated fusion reactor conditions at
tha Tritium Systems Test Assembly (TSTA) now being
constructed at the Loa Alamos Scientific Laboratory
(LASLLY. Th= first of thear pumps 1is already in
operation, and its preliminary perfocmance s
presented. The giappocting vazuum  facility aacezsa-y

£y carapagasa bheage fogjon Facility crvanaunps 0 a2l
Jasceribad. The paxt zeaaration of fu.ioa systonm
vacuum  pumps  may include non-cryogenic or

conventional-cryogenic hybrid systems, s~ueral of
which are discuassnrd.

Requirements
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Requircments

The probleams associated with high vacuum punping
of fusicn devices are well documented: pulsed
opzr-ation at very high pumping speeds; handling
mixtures of both radioactive tritium and halium in
th2 exhaust stream; maintenance difficulties arising
from inaccessibility and matecrial activation. At the
LASL Tritium Systems Test Assembiy (TSTA), al] the
principal hardware required lce fual processing in Di-
burning reactors will be tested and qualified. Amonj
the fusections iueludad at 1STA are rewroval of haliun
and othe~r impuriti=3. isotopic sepacation, DT univing,
oYanea (uel tajestion,  rransiac aad hiigh o vacwesa
Jhping, and vacuum sump regeneration. To br  azcapt-
able for fusion applications, TSTA high vacuum pumps
st weat the following raquiremants:

o Provida highast pumping speeads;

v Pump mixtuc=23 ol 0f, helium, and pla.ma
chamber impuritias;

o Produce base pressures of 10 ntorr or less;

o Ba unaffected by pulsed gas loads and brief

excursions to pressures of L mtorr.

ln axddition to tue above rejquirements the following
foatures are desirable:

0 Halian s=arratica «nriva punping;
o l.ow wainteaansa daxgiga.

Candidave Pump Designs

LASLZTSTA Ceyopumps (Fir. 1)

Sevoral pump d23izas shonld meat the requiremsnts
gLson ahove; a common f:iture is placemant of
aydrorsa pump in s2ries with a halium  puap. Anoriber
{onrers, Jdeglzrabls in som» d2atznz and  maadatary  ia
o vers, 13 a2 valve our coaduetanca limtrar  balyaen
starn3. Tha nnmps to b wevaluarad ficst nader tia
T5T\ proiram aze Fya=3Fiza cryagsaic  pimpa, Q= of
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thase pumps has been procured by LASL and is already
operational; trhe othar two pumps will be fabricated
and supplied to LASL by Broohaven National Laboratory
(BNL) and by Lawreaz~ Liverrore Laworatory (LLL).
Design punmzing spaadi Jor a'l 1ha TSTA cr OP”mfs are
16 n? s7! for dsuterium and 1.5-5 m? s~ for
helium. D=3ign ciapaciti~s for th=ge same gases are 2
coles aul 0.2 mole r2:_actively,

La* L. SL-conealv=a o~ymp, Fls. 174,  aas o3
3)-ca-diam top inle:r port, a 15-cm-diam helium
- .:i-0=gatioan 20rk as tas dotbom, and a L-am~diam o sid

po-t tor DI raganzra:cion. Coancantric cylindzrs form
tam two srazes: Etne out2r cylinder consists of 909
Valowlal  cagper  Z.=/Td0s; tae  iaa:c, shia~Ldd
c¢ylind2r is an anaulus coatad with 5A molecular
sieve. Originally intendad {or operation with a
closed cycle r2frigarator, th: LASL pump is presaatly
cooled Ly contlauous liguid helium Flow. Charcoal 1is
th> adsorda2nc in the L cryopams, Fiz. I1(B); th=
pta~ls are flar, and th» pump 1inlet 15 at the
bo:run. BIL has davalope? a1 new marhod of boading
¢ i coal to rhe ccyopanal Ly castiny it In @ natrix




of a low—melting alloy.l The tritium compatibility
and thermal conductivity problems inherent in epoxy
bonded designs are thus avoided., Cylindrical geomntry
and radial flow characterize the LLL pump, Fig. 1(C).
After passing through the 77 K shields and 4 X«
DT-cryocondensing chevrons, helium is cryotrapped by
continuous argon spray on a smooth 4 K surface., 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 rhe pump bodies
maintain the cryo-surfaces near 4 K for both the BNL
and LLL eryopumps.

In each of these pumps helium 1is separated from
the other torus effluents as a conasequence of the
basic pump design. 1f this separation 1is to be
maintained 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 rh2imal
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 degorbed, the hz2lium regeneration pump may ba
valvad off, and the contents of the cryocondensing
paaal i3 vaporizad aad pump-1 away by o diffecerr s-i
of pumps at fairly hizh pressures. During this phaase
*hoa opnalinm cevasorhsr misr bha Reps  cmrm o caouzh to

nvoacaat DT fvom ceadsorbiog on ik,

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

Separation of th» pump stages with a valve or con-
ductaace limiter is drairabln on somm pump desigia.
For compounid ceyopumps th~ advantage of a valve is
that the Ha2/DT separation achievaed during normal
operation can Lw» naintained oven while th> pump is
being reg~narated at high pressure (1-10 torr).
Reganerating both pwap pinels simultaneously at high
pressure could increasa2 the pump duty eycle from 50%
to over 80Z and result in a significant system cost
savings, bacaus? the number of pumps needad is
greatly roducad.  An absolute valve is not  aneesaary
because tracces of DI ¢ be remuved Lirun the
regenerated helinm by an auxiliary trivium wa-. e
treatment system bafose it is  expelled. Significant
halim las%iga to tars 170 g* o mus™ 5 Viel, o,
Diaanga pelicm degriad2s taz efticiency of  tna
ccyoseaie  discilidkion columas that separate k=
hvdrozan isotopes. A valve hatwasn stagaes also
elininates contamination of the ecryosorbar by gises
evolvad from tha cryocondanser. There is then no need
to heak the ervagorbar during regeneration, Eurther

1tting cycle time and extendine #ha 115- = oo



To over BU4 and result in a signiticant system cost
savings, bezcaus2 the qpumber of pumps needed is

greatly raducaed. An absolute valve 1y ot accensary
because traces ol DI can be removed Lionm the
regenerated helinm by an auxiliary tritium  waste
treatment system bafore it is  exnelled, Siznificant
heliuwm lon'caza o tha I ghage must e Viediag,
Bocaosa ha=liom degraas=s taa efficiency of thne
ceyogente disciliation columas  that  separate tirz
hydrozen isotopes. & valva betwesn stazas also

aliminates conramination of the cryosorbar by zises
evolvad from th2 cryocondansar. There is thea no need
to haat the c~vasozbar during regeaerarion, farthar
cutting cycle tim2 and exteading the Llite of the
cryosorber.

Alternate Pumping Arrangesments

Paysical s=2paration of tha pump stages with o
valvae or conductanca limiter is mandatory on the pump
drsigns shown in Fig. 2. Thes~ hybrids us> an oil
difrfusion pump or turbopump for th> heliun. Dnring
Dr regeasracion, tne conduecraac~  limlter 1s  closad,
and the gas on tha DT srage (condznsar or goltar) i
regeperated and Faken olf to he parifiad for yooea

A conductance limiter, rath2r than an absnlare  valva,

¢ta ba usad to separale th> shajgns during pT
regarnaracion. Ledarg s of BE ot thy hoelinoa sump caa
ba  prevaantad by walatailuinz a  slighely positiva

prassure of Dy on the helium sida of ths coaductance
Lonmimar.

Prassucization  wita  gaseous  daaterium provears
tcivinm contamination of ths diflusion pwmp oi! oo
Lurdanump baartiag Tubcicant®; ax Lmum dleutarium

prrisurca 1s approaximataiy 1) Lorr, woll Baelow rhs
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Fig. 2, Valved hybrid fusion vacuum pumps
(LN, surfaces not shown).

explosive range. If the turbopump has magnatic
bearings, slight tritium leakaze can even be passed
through the turbopump and removed by the TSTA tritium
waste treatment system. Curreatly available tucho-
pumps are too small for fusion applications, but
pumps as larga as 10 m3 s”l, have been built, 6o
turbopumps suitable for helium may become coTiar-
cially available.

as aa altarnativas to cryocoadaasarioa a uoo-avapo-
rable getter caa pump the DT gas, as Iindicated in
Fig. 2(b), but som= precautioas emst be observad with
this appvoqch.  The reavoriibia Dl=sorpting cazaciiy
of the gotter is dagrad=2l bLy pumping active gasas
Liqnid nitrogzen traps upst.=2am of rtha gatter remove
condeasable impurities (40, NH3, ¢€J7) but some
permanent gases and hydeocarbons (co, 0,, N7,
CHy) will reach the getrer, as  the  projecied
hydrocarbon impurity lavel for plasma exbaasts is
about 0.1%. If the getter 1is operated at  low
temperatures, the adso-ption of perman~nt gases and
hydrocarbons will be r-gligible. Anoth2r concern is
that bass pressure way be too high, but again the
solutica .5 to opairate ' gati~r atbt  relativ 'y lavw
temperatuces. Pumping spasd for hydrogea isotopes 1is

noarly censtaat from 300 K to 675 K, so oparatiug  at
or b~lev 375 K 'h vt wive gatisTorvory hase
novgars s, Iny Diogl chiem Lt wsiag o ogotites s
DT oovmpiag s that of  sgoviddiag suflicient held i

conductanca through the gatter array, so that the
oot staza pump is 1bls to maiatain a satisfactory
kelium bases presgsuce within the torus. Vacuum
conductaance calculations should be made to optimize

hzliva coaductaace rH'OUSh getrer arrays that have
adeanats DT Anee-is- -




LtrmpccuLures, LOe agsoTprtion Of permanAnt gases and

hydrocarbons will be n=gligible. Anothar concern is
that base pressure may be too high, but again the

solution is to operate ti:> gatter at relatively low
temperatures. Pumping speed for hydrogen isotop=s 1is
nearly .onstaant from 303 K to 675 K, so oparating at
or balow 375 K chenld  give  satisfastory  base
Tha Sial cabiem with usiaz a g-2trer  {or

poaSINTIS. )
that of »rovidiag sufficient delivm

r

DT pumpiag is o

conductanca through the gatter array, so that the

souand stega pump is ibla to maintain a asatisfocrorsy
within the torus. Vacuum

heltuza bas= pressuze
conduztance calcularions should be
h=licu onductaaca througa | »lter arcays taar
adequate DT capacity and pumping spaed.

made to optinizn
nav-»

On=2 furthar appcoach to staged pumping of hydrogna
isotopas and helium is siaown in Fig. 3. Th~ advan-
tage of this configucation is that the halium pan=l
may ba raganarated at nignh pressure without thermal
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Fig. 4. TSIA vacuum system.

effects causing the simultaneous release of the DT on
thr aljacant getters, s0 00 vialve is fn-adad  Darweena
stages. During getter rageneration the cryosoroer
tTonoF e contaminarad by o cha ayatesd By, Ras o rhiG
¢ b pravealsd  hy  coacyeormaar laaris ot tan
sorprion panel,.

THTA Moot Syuicm

General Dnscrigﬁigﬂ

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

DT gas injection

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

000000




iy LaLb vy LAe2iULEDd d4lCs

o DT gas injection

o Torus simulator volume

o 40-cm absolute valves

o Liquid nitrogan krap

o Heliu regeperation pumps
o UT reyeneration pumps.

Cortnouud  ~ornaeic coan e road i)y S KT R RN |
otlsa 00 Jhe Lpacial  pumoing  path used only  foc
hielium regeneration. Tthe objective of the vacuum

syastam iy ro test tha torus high vacuum pamps  and
tieir supporting hardwara uader realistic coadicvioas
of preasucre, gas mixture aad duty cycle for long
prrieds. Tha= appronriate #as wix  is  divariad Erom
thz TSTA main stream and injected into a torus
simulator, from which it is pump~d by one of the TSTA
cryopumps and than returned to tha main loop during
the rogea2ration cycle. Thz helium is mnot returnad
to the muailn procass stream, bi* is  exhausted through
a Ze~Al getter by a magnetiz bearing  turbopump  and
oil-yealed rotary vane pump. Tha roor temparature
TADLE 1
CRAYOPANEL REGENERATION PARAMETERS

Requirement Cryosorbar (lle)  Cryocondensar (I7T)
Base Presgsured 1078 s(10) 2
Pini Presaure

Duriug Deyan, 2010)~% . ] 43
Exiivast Pressuca 3400 300-530
Ocpanic-fraa No Y¢ 3
ligab le GContainmant No Yes

AL poassuras givea ia bocr



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

Regenerative Pumping Trains

Separate pumps are used for regeneration of the
helium cryosoarber and DT cryocondenser panels because
th= requirements differ: soma characteristic of both
processes are given in Table I.

Cryosorber Regenecration. To regenarate helium
from a cryosorber panel requires high heliun pumping
speeds at pressures below gas coaduction densities.
This requirement can be met with a turbopump backed
by an oil-sealed rotary pump. Because we could not
absolutely ensure that there would be no DT
contamination of tha helium, wa chose a maznstic-
bearing (non-lubricatad) turbopump and a hermotically
s~aled rotary pump with ducted exhanst.

Cryocondenser Rageneration. For DT panel regener-
ation two pumps meet the base pressure requirements,
but neither is completely satisfactory in its normal
configuration. The Normetex* bellows-scroll deaiga
has besn  used suzcasgfully for  Furop=an U,

applications for move than 25 youars. This pump is
complately free of organics and is  driven theouahr 2
coaval hallers soats The I8™N coplication cal'n Ler
smaller pugp  than tha pruaaztion wuedal, il

prototype is being built and tested by Normel~x. Lt
will be installed im TSTA  later if tha prototypa
tests aro successlul,

An alternate dasign derives from Roots blowers,
which are readily available in a variety of sizes,
The main drawback of cusrently available pumps lieu
in the design of the rotur shalt saeal that separales
the dry pumpiug chamber frowm the gearbox and bearing
lubricants. On some rtecent models, this seal has
been upgraded from an open labvrinth to a bimton rine




An alternate design darives from Roota blowers,
which are roeadily available in a variety of sizes.
The main drawback of cu:-reatly available pumps lies -
in the design of the rotur shalt scal that seporules
the dcy pumpiug chawbdar fron the 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 approach is to supplement these piston-
ring seals vith continuous pweping vn the goarbox

and
geal housings to assure that no lubricant is
transfecrnd to the DI numning  chamber. Concurxrently

wa are  also oatrematiaz  tu dovelop an even o
pasitive Liall aeid Lo roageracinu wivh Seceerluidies
Corg.™ Wa axpact to  receive modifind  Facrofluidic
scals carly in 1980, and theae will be installad and
t~stad tn a Leybold® 3-152 Roats SYlower.

Either the Roots or Normetex pump requiras a
tocepump to complat: compoasaion and rransfer buck  to
the main proceass loop at 500-800 torr. Wa have
chosen metal bellows pumps for this application
bacause of thair freadom fcom organics, simple and
reliuble design, and long serviece life. To achieve
the rerquiced throughpur and overall compression
ratio, two double-staga MB-601 pumps, manufactured by
M2tal Ballows Corp.,Tt are arranged in a sories-
picallal configuration.

Secoudary Coataivaaat

double coutaizmeat i3 p-ovidad for all ths b=
ran-aecation (Roots and metal bhollows) pumps. At
PTSTA a DT prossnca in eccass of /5 rore iy the

FNarmer oz 5.A., '3 Rue ds la 8rassarie, Pont-Audamar,
France
**purcatfluidics Corp., 144 Middiesax Turnpiks,
Burliagton, MA 01303
4+ Matal Ballows Corporation, 1075 Providaaca Hiahway,
hnron, MA 020567

T Leyb2ll Herasus, 200 52co Rnad, Monraaville, 2,
15146




gensral criterion for double containment. The Rcots
blower case is a casting, made in sections sealed
with elastomer o-rings. Tritium will permeate boch
these materials, so double containm:nt is provided
even though operating pressurs is well below 75 tocr.
We will also replace the clastomeric static seals
with matal compression seals if poasible. S8rcondary
containmant of the rest of the vacuum system 1is not
contemplated because of low DT pressure, relatively
small inventories of tritium within the crycpump, and
th~ high mechanical integrity inherent in hard seals
and vacuum chamber walls.

Valve Selection

Elastomars are not normally used for fvaion
devices because they are not  tritium-compatible.
Polyimide or matal sgeals are used on all TSTA valves
except for the large gate valves that close for
cryopunp and cold trap rageasratioti. Ecuvnomy was nae
reason for using elastomers in this location. In the
40-cm size needed, a polyimide valve costs four times
as much as a soft seal valve. Several laboratories
and manufacturers are working on the problem of
absolute hard-seal vnlves,3 but fusion vacrum
system dasignacs nead to balanca tha highe custa ol
large hacd valves agaiust the known deficicacies of
plastoasres.  One dasiga practice is  a  donbis senld
4T wita nelependeaat svacuacion botyasa the s s,
More data is neadad to onable designers ro  predict
seal life and to establish replacement schadules for

elastomers expoged bt ritiuwm  at rthe  coocontrat ioag
eacounter~d in hizgh vacuum syslews, Virtuilly uo
low-concentration exposure data cexists, and  the
nature of tritinm-organic interactions makes it

difficult to predict s~al life from oxisting data,
most of which cow» from othar types of radiation.
The use of soft s~al valves in the TSTA vacuum aystem
will provide some of th» necdad data, and this is
another reason for choosing them. Actual seal
leakage will be monitored during long exposures to
operational DT concentrations, and theae data will
eatablish whether elastomar-gealad  valven are
acceptable in fusion reactour vacuum systems.




anotner resason for choosing Ctham. Actual seal
leakage will be monitored during long exposures to
operational DT concentrations, and these data will
establish whether elastomaer-gealed valves are
acceptable in fusion reactor vacuuwa systems,

The TSTA Compound Crropump

Coneral Possciphion

The TSTA cryopump is the first design to adress
hotoanigus vacuum coquirements of an vpecating tusion
reactor by ewmploying staged cryopanalus.  Attempts to
punp hydrvozan and halium on a sinzle crycosurface have
met witic oaly limitad  success. Expoguce of a
hydcogen/helium gas mix to a 4 K cryocondenser
results in negligible h=lium pumpi.ng.4 If a
cryosorber is substitutad for the cryocondanier, the
hydrogan quickly ices over the sorheat surfaca aad
renders it ineffactive for pumping the helium, The
TSTA design avoids these difficulties by staginz the
cryopumoing procass, All rha hydrogen isotop-3 arve
trozea wn an oprically  drass  cryocondaazing chavron
aroag, wWiteeht dlao ghivelds b gecoad staga  ceyasornaer
from all conald=naable gisas wo that 1t can  adsorh
halinm mnst effrerivaly.

Both panels are refrigerated by continuons flow
ol liqui! balinm,  “ha conctant aeat leak fFros the
transfer lina,  coupled WLt a controllable
rofrigarant flow rate, allows uy to vary tha quality
of helium passing through *ha2 crynpanats from liquid
to  saperheated  vapor. The  cesulting temperaturs
cautrol allows va to Jagnch helivm feom the mo! scud e
sy withour digtushing the DF gtill [eoson on the
ddjacent crgacond2agse. i eesalivinz DU coaeeatea-

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

Pumping Speed Measurements

Our pumping speads were calculated from
measuremants of pressure &nd feed rate. A
glusa-enclosed Bayard-Alpcct gaga, with manufacturer
supplied seusitivity corroctions, was used to
determine helium and deuterium pressures, Fead rate
was determined by timing the displacement in an
inclined oil burette. The burette was calibrared by
comparing 1its volumetric change rate to that
calculated from the pressure/rima behavior of the
snralad cryopump housing as it colleetoad tha §oad
gas. Test gas was admitted to the cryopump by a
diffuser ring which directed the gas against the
inlet closurz plate.

Helium Performance. Tha molecular sicve  was
haked out at 525-5735 K for 24 h iwmadiately pracodia-s

the test. I no hakeout was parformad within a lew
hot=s hafora tesring, hellum performance w1s daralad
Sihacenrialtsy As aax czaample, i the owalcu e
siave wits quickly coolnd  alrer  bakeonr  and
measuraments  begun within  a  few  hours, g
gradually decreased with  loading from 2 te 1
™! as 500 toer L of halium wure sorbeld. On  th

other hand, il several days elapsad  aftec wakeoat,
than the same decrerasa in spead occurred befoce 50
tocr L had bean pumpad., The probable cause of this
degraded povformaace is  the small but  coastant
pumping of condensable inpuritins by the sieve during
amhient temparature vacuun cxposura, This
characteristic of molecular sgieve limits its
usefulness for fusion pumping applications unlegs the
cryosorber is isolated by a valve when it is not
pumping halium.



degraded porformanca is the small but coastant
pumping of condansable impuritias by the sieve during
ambient temperatura vacuua exposure, Thia
characteristic of wmolecular sieve limits its
usafulnass for fusion pumping applicatione unlegs the
cryosorber is isolated by a valve when it is not

pumping helium.

Fig. 5 shows tha spead vs loading of tha TSTA 5A

molecular sievae for 2y fou rataes, Performance of
th> LASI. ccyrqn har in comoncad  with data nablizhisd
..~_. [ATFA R L L TN Slinval " uu-.-.lt'o‘y (Uf{:li-)”. BT

dif{ferane= ia tha highar stactiag value obtainad oo
the Erash adsorbant by  ORNL. This differenca
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tha 77 K chavrons, throat, and 4 K chavrons of the
TSYA pump. At a loading of 0,04 torr L ca™2, ths
ditfusion rate of helium into the molecular sieve
appareantly becomes the limiting restriction on
punping speed and the data becom= similar. Tha data
of the high~feed-rate run were obtainad after the
helium sorbed during the first run was pumped away 1in
a controlled pressure regenearation, We accomplished
the latter by reducing 1liquid helium flow to the
cryosorber while maintaining normal flow to the
cryocondenser, and as transfer lina heat 1leak wvarmad
tha inner Banel, helium was dresorbed at pressures
around 107 torr. We censidnared reganeration to bhe
complete vhen the cryosorber temperature reached 15 K.

Ar higher feed rates the performance of the pump
varind grearly, so we report only general observa-
tions. As feed rates were incrrased from 1072 to
1074 torr L 57! cw 2, initial spead doclinad Dby
approximately a facto- of thrae. At  th~se higher
fead rates speed also decrrased 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 pressure recovernd to the
starting valua during the off period. Flow was

variad batwasa 1072 aad 1074 rorr L sl crr”?
in a pulsad mode with sopatable  vesults until the
avtity gorhad becams a Luitoce. The  dmalizations
Far Fasion  puap.agd a7 wksed: Tas cilaceron i

punping speeds at  high=r fec~ds oaad preossures  1s
disappointing, and this may be the factur which
drives creyopuap designgy oa the othoer hont  the quiek
recovery al lowar progsuces aud cyclic feeds s
encouraging. During TJTA opearation we will conduct
many more experiments witii this pump with realistic

gas mixtures and pressure loading cycles.
4



disappointing, and tnisS way be CrChe factor which
drives cryopuap d2sign; oca the othar hand tha quick
recovery at lower pressures aud cyclic feeds is
encouraging. During T3TA opearation we will conduct
maay more exparimeats with this pump with realistie
gas mixtures and pressure loading cycles.

Deuterium Performance. The design sprnd  fox
deuteriua  was 16 =0 sl Actual neasured
per formaace rangad from 2 tc 8 w3 s~l. This poor
per formance may b~ due tr voor cryogenic insulation,
which gives risa to warn spots on the cryocondenser
panel. Puxuping spaad .arasucsmants with nitconen tend
to confirm this lhypociea»s, and lead to a predicted

dauterinm spaed af 1/ 1 s". substaatially in
agreemant with th+ dszign value. Wa nos plan Lo
thorouzhly inarremens tha - cyncoodsagar  snnanrets and
chevroaa v izasusa  {unparzture gradients. This

should provida a basrs Zoc wodifying tus structurzal
suaporta tn improve thermal 1isolation and ausment
d»urerivn pumping pe:formanca.

Mivtusa Parfomanca. Mixtures of Jdauterinm  aund
h2lium hava baaa pusped at feed rates rangiang Erom
0.01 to 0.3 tore L sl for several hours. ‘The
apparent mixture spz2ed variecd from 1 to 8 03 s'l,
bul th=2 sp=ad determiaation required an assumption of
gas mixture conceatratioa within the pump body. This
assumption waa nexdad to astablish aa ioa gage
s~uniitivity and was, in turn, based upon tha relative
neasured pumping speads of the two cryonanels. In
gpite of tha cumulative ecrar in these wstimatioas af
pt-aping spesd, 2 ob3=arved paerformancs ayr:=3  wiih
nxpactations bas=d upon pure gas b2ihavior of the
individual paaela, Tha degree ol helinm  sapa-ation




attained during operation ard regeneration was
measured and found satisfactory to qualify the punmp
as tha TSTA helium remover. The pump a8 operated
normally with a 90/10 mixture of Hy/He, and again
with a 90/5/5 wmixture 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 asealed and allowad to warm to
room tomperature. The gases thus evolved from the
cryocondenser were than analyzed for helium. The
helium mole fractions appearing in the regenerated
H and_D3/Ar mix respacrively were 2.7x10™% and
1.4x1073, which agreas with data reportad hy 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 been operated at the TSTA uander
reglistic conditions in advance of hardware
commitments. Compound cryopumps are the preseat
fronl runners for high vacuum f{usioa applicatioas,
and tha first 3 ;.23 tu b2 tested at TSTA neo

vuariations or this d=29ign approuch. The Jirst
thage designs, a crvopump designed al LASL, is
o ecational aad g pemaed gi&tures of alsalwciam,
nydrogan, and helia. The coacepl of  using a

compound cryopump a3 the fuel systam halivm  osh
separator has beca successfully demonstrated. A1
the auxiliary ftritico-compatible  vagivca o pom»an
for the TSTA vacuua systam have beea procurad, aund
these will be expraal to realistic tritiuvm
coacentrations over tha loag period of TSTA
oparation. The resulling data bpasa wi!l be  of
considerable value to d»signers of DT-burning fusion
davices.
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