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Abstract: A cryocondensation pump will be installed in the of concentric stainless steel tubes cut and assembled together.
ba_e chamber of the DIII-D tokamak in the spring of 1992. The The pumping surface consists of a 10 m long, 25 mm diameter
design is complete and fabrication of this pump is in progress, stainless steel tube with liquid helium Rowing inside. It pro-
The purpose of the pump is to study plasma density control by rides approximately 1 m2 of pumping surface. Surrounding the
pumpin K the divertor. The pump is toroidaUy continuous, ap- pumping surface are Liquid nitrogen cooled shields which Limit
proximately 10 m long, in the lower outer corner of the vacuum the steady state heat load on the helium system to less than
vessel interior, lt consists of a I m2 liquid helium cooled sur- 4 W. Surrounding the nitrogen cooled surfaces is a radiation/
face surrounded by a liquid nitroge_ cooled shield to Limit the particle shield to prevent energetic divertor particles from releas-
heat load on the helium cooled surface. The stainless steel liquid ing water previoualy condensed on Liquid nitrogen surfaces. The
nitrogen shell has a copper coating on it to mxhance thermal con- aperture to the pump is created by cutting windows in the ra-
ductivity, but the coating is broken to keep the toroidal electrical diation/particle and outer nitrogen shields. The inner nitrogen
resistancehigh.The Liquidnitrogencooledsurfaceissurrmmded shieldprovidesshieldingto the heliumtube from incomingen-

by a radiation/particleshieldtopreventener.=ticparticlesfrom ergeticparticles.All particlesenteringthe pump must bounce
impactingand releasingcondensedwater,=tolecules.The whole offa nitrogencooledsurfaceat leasttwicebeforehittingthe

pump issupportedof[the watercooledvacuum vesselwall.Key heliumsurface.The nitrogencooledsurfacesare coatedwith
designconsiderationswere:how to accommodate thetempera- an emissivityenhancingcoatingtoabsorbmost ofthe incoming
turedifferencesbetweenthevariouscomponents,developinglow photons.
heat leak paths for the various supports, and maintaining elec-

The liquid nitrogen components axe designed to cool down
tricalinsulationin a low pressureenvironmentinthe presence inlessthan 30 mln from300°K,and theheliumsurfacewillchill

ofinducedvoltagespikes.A singlepointground forthesystem down from 300°K to40K in4.5rainoncethenitrogenshieldsaxe

was used toLimitdisruptioninducedcurrentsand the resulting cooled.The useofheliumglow dischargeconditioningbetweenelectro-mechanicalforceson the pump. A testingprogram was
used todevelopcoatingtechniquestoenhanceheattransferand shotsinDIII-D requiresrapidcooldown ofthe heliumsurface.
emissivityofthevarioussurfaces.Fabricationtestsweredone to Duringconditioning,heliumpressuresup to2 retortaxepresent

determinethebestmethod ofattachingthe Liquidnitrogenflow forabout 300 s.The resultinglargeheatloadon the liquidhe-
Liumwould drivethe flowunstable.Thus, thepump willbe shuttubesto theirshieldsurfaces.A prototypesectorofthe pump

was builttoverifyfabricationand assemblytechniques, of£aftereveryshotand then recooledafterglow conditioning.

The flowpatternforthecryogensisshown inFig.2.There
Introduction isa singlefeedthroughfor the Liquidswhich circulatearound

The secondphaseoftheAdvanced DivertorfortheGeneral
Atomics DIII-D tokamak, s toroidallycontinuouscryoconden-

sationpump, ispresentlybeing builtand willbe installedin
the springof 1992. The firstphase of the DIII-D Advanced

Divertorconsistingofa biasableringelectrodeand a toroidal
gas baJ_le, was installedinAugust of 1990. The cryopump will

be installedunder the toroidalgas baffle.The pump willen-
ableexperimentsto study plasma exhaustand densitycontrol Radiationand

ParticleShleldrJ"
by divertor pumping, and it is expected to provide low density J_.//" InnerNitrogen

plasma forrfcurrentdrive. --__JA_xJ CooledShield
The pump was designed for a pumping speed of 50,000 l/s, _'///__4_O__.__...// UquidN_rogen

1 retort _1]. This removal rate is approximately equal to the fu-

eling rate of 15 MW of neutral beams. Recent experiments have . . _" _ / "OuterNitr0gen

so the removal rate of the pump wiLl be much larger. : t i '

Liquid Helium
CooledPumping

A cross section oi"the pump and its location in the pump- Surface
inK plenum is shown in Fig. l. The pump is comprised of a series Fig. t. Cross section of cryopump in DIII-C).



every 45 ° (Fig. 3). The springs provide a long heat leak path
with _1 supports s_mmln_ to a heat load of only 0.1 W to the he-
lium. Electrical insulation between the helium and nitrogen sys-
tems is provided by two ahzmina rings per support. The alumina
rings a.,-edesigned to allow the helium tube to slide with respect
to the nitrogen shield, thus taking up the differential thermal
expansion in changing the drcumference of the pump. However,
if one support jams and the helium tube does not slide through
the support, the springs have enough axial travel to allow the
pump to change in circumference. The lateral stiffness of tke
spring is designed to Limit the "Bo-rdon tube" movement of the
helium tube due to the internal pressure. The internal pressure
is limited by relief' v_ves on the helium system to 172 kPa. Also,
the lateral stiffness reacts the electromagnetic and gravitational
loads on the helium tubes.

The liquid nitr_en shield is supported from the radiation/
particle shield by alumina buttons. The buttons are located in
sets of three, and there are at least three sets per 30 ° section
of the radiation/particle shield. The buttons allow for sLidin_
between the aitro_en shell and the radiation/particle shield and
the differential growth is again taken up by a circumferential
change in length. The radial stiffness of the supports of the
radiation/particle shield to the vessel wall is large enough to
guarantee the movement in the drcumferential direction.

Fig. 2. Flow pail:era for c_og_s ;n the ¢ryopump,as smmfrom
above the mllchineprojectedonto the toroidalplane. ManufactureandAssembly

Diiferent methods of manufacturing the pump were studied
the vacuum chamber of DIII-D in a manner to eliminate full to limit the distortion of the components and give stress-free
electrically conductive loops around the vessel. The full loops par_s. Stock stainless stc.,d 304 L tubes were taken and rolled
would give rise to large inductively driven currents resulting in to the appropriate radius. The rolled sections were annealed
extremely large electromagnetic loacls. The helium flows in con- in a vacuum furnace for stress relief Laser cutting was chosen
centric tubes to keep a compact design and prevent a full toroidal over either torch cutting or traditional machining to form the
loop. The liquid enters at the center of the pump, flows 180° windows in the side of the tube for the pumping aperture.

through the outer annular space, returns to the other end of the The liquid nitrogen flow tubes are attached to their shells
pump via the inner tube, and then returns to the feedthrough by a series of 2,5 mm long plug welds spaced every 50 mm. Both
in the outer annular space. The heat exchanger effect during nitrogen shells were originally rolled to a larger radius than
cooldown was both analyzed and tested [2I. The flow regime nominal to allow for shrinkage during welding. The inside of
of the liquid helium is in the forced flow regime and enters the the outer nitrogen shell is plasma sprayed with a 13% titanium
pump as saturated liquid and exits as lower pressure, lower tern- dioxide-87_ aluminum oxide coating to enhance emissivity and
perature two-phase helium. The mass flow rate is designed to to reduce the heat load on the helium tube. The measured coat-

be 4 gm/s at llfi kP_. By minimiz'mg the amount of gaseous he- ing emissivity is greater than 0.75 at 10.6/_m wavelength. The
lium and malnt_nlng bubble flow, flow instability is eliminated outer surface of the inner nitrogen shell also has the coating.
as a concern. The flow stability has been tested at several heat
loads i3]. The outer nitrogen shell has copper stripes flame sprayed

• on the outside to enhance azimuthal thermal conductance. This

The single-feed location is also the system's single-point is needed to keep a maximum temperature of ll0°K. The stripes
ground. The benefit of a single-point ground is the reduction of are 25 mm wide, spaced every 50 mm along the length of the
circulating currents that could either provide resistive heating or pump. The copper is not toroidally continuous in order to keep
increase the electromagnetic loads on the pump. The helium and the electrical resistance high and minimize the electromagnetic
nitrogen shells are electrically insulated from one another and forces on the pump. The stripes coincide with the plug welds to
from the particle/radiation shell. The particle/radiation shell maximize the thermal conductance.
is made in 30° sections supported at one location per section

back to the vm:uum vessel wall and is at local vessel electrical Nitrogen
potential. The helium aud nitrogen shields axe fabricated in Shield\ Spring
90° sections and welded together during installation inside the _ / Alumina
vacuumves_l. __./ / Insulator

The supports for the cryopump are designed to have _.!le

from 300°K, because therewas not spaceenough forthismove- _ _ _
ment and stillprovidesupportforthe electromagneticloads.

The support system relies on toroidal sliding between alumina ck, _ _ , ,-_ ._ I /
ceramic pieces and stainless steel.

The liquid helium tubes are supported off the inner
nitrogens,hcllby a pairofconicallywound compressionspnngs ig.3.Low heatleakliquidheliumsu;a;3ort.
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At the four locations for the electric and water feeds of the then the inner nitrogen shell is welded inside the outer nitrogen
ring eleczrode, the cross section of the pump is modified (Fig. 4) shell. The feedthrough is U'i_ fit into piace and a_l welds axe
to give room for the electrical insulation of these feeds. This _ checked for s_:cessibility. The four nitrogen shell assemblies axe
reduces the pump aperture by half for about 20% of the pump then brought into the vessel and welded together. The radiation/
toroidal circumference, particle shields are slid over the nitrogen shield into piace and

installed.
The pump in built up on a tooling plate in 90* sectors.

The helium Line is installed inside the inner nitrogen shell and A prototype 90 ° sector of the pump was built to verify
the manufacturing processes and assembly sequence prior to the
production of the final pump.

AckFowledqment

This work wu spom_ored by the U.S. Department of Energy
under Contrac_ No. DE-AC03-89ERS1114.

References

Ill Menon, M.M., eta/.,_ParticleExb.austScheme Using an
In-VesselCryocondensationPump," GA Report to be
published.

[2]Baxi,C.B.,eta/.,_'ThermalDesign,Analysisand Exper-

imentalVerificationfor a DIII-D CryogenicPump," in
Pro(:.Second Int.Syrup.on Fuaion NuclearTechnology,
June 2-7,1991,Karlsrtthe,FRG.

[3]Schaubel,K.M., eta/.,_Designof the Advanced Diver-

torPump Cryo_nic System forDIII-D,"tobe presented
F;g. 4. Modified c.ro_ section of the cryopump in regions of the at the 14th Fusion Engineering Conf., September 30-

biasedring electrode'swaterand powerfeeds. October 3, 1991, San Die_o, California.

I 3






