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OverviewOverview

What are What are stellaratorsstellarators??
Where did they come from?Where did they come from?
How do they work?How do they work?
Why should we care about them?Why should we care about them?



The Story of the The Story of the StellaratorStellarator

In 1951, Project In 1951, Project 
Matterhorn came Matterhorn came 
aboutabout
Lyman Spitzer Lyman Spitzer 
proposes magnetic proposes magnetic 
confinement in a confinement in a 
figure eight patternfigure eight pattern
Magnetic confinement Magnetic confinement 
for fusionfor fusion

Courtesy of NASA.



More Historical FactsMore Historical Facts

Fusion remained classified until 1958Fusion remained classified until 1958
First research in the US was done at First research in the US was done at 
PrincetonPrinceton
SahkarovSahkarov and Tamm proposed and Tamm proposed tokamaktokamak
design in 1950, wasndesign in 1950, wasn’’t internationally t internationally 
known until 1956known until 1956



How do How do stellaratorsstellarators work?work?

Goal is to keep ions as close as possible Goal is to keep ions as close as possible 
to each other, without getting gas too to each other, without getting gas too 
densedense
As weAs we’’ve seen, need ve seen, need toroidaltoroidal and and poloidalpoloidal
magnetic fieldsmagnetic fields

ToroidalToroidal field to keep charged particles field to keep charged particles 
moving along circular field linesmoving along circular field lines
PoloidalPoloidal field lines to keep particles from field lines to keep particles from 
driftingdrifting



How will we do this?How will we do this?



Some mathSome math
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Some more mathSome more math
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Did we forget something?Did we forget something?

Calculations show we should have net Calculations show we should have net 
34,290 Watt/cm power gain34,290 Watt/cm power gain
But what about But what about poloidalpoloidal field?field?
Plasma will crash into wall in our modelPlasma will crash into wall in our model
Clearly needs refinementClearly needs refinement



So what happens now?So what happens now?

TokamaksTokamaks, that, that’’s what happens nows what happens now
1956, 1956, tokamakstokamaks show upshow up
Federal funding shifts to other areas of Federal funding shifts to other areas of 
fusion, including fusion, including tokamakstokamaks, other forms of , other forms of 
toriitorii, and  inertial , and  inertial confinemenconfinemen
SpitzerSpitzer’’s figure eight abandoneds figure eight abandoned



Why are Why are stellaratorsstellarators back?back?

Problems with inducing plasma current in Problems with inducing plasma current in 
tokamakstokamaks, disruptions, disruptions
Computational power increasesComputational power increases
Better understanding of MHDBetter understanding of MHD

Courtesy of Wikipedia.



Experiments through the AgesExperiments through the Ages

US, Japan, Germany, all continued  or US, Japan, Germany, all continued  or 
developed programs to investigate developed programs to investigate 
stelarratorsstelarrators
Reduced damage from disruptions, Reduced damage from disruptions, 
continuous operation made this a continuous operation made this a 
possibilitypossibility
So whatSo what’’s out there now?s out there now?



Large Helical DeviceLarge Helical Device

Figure removed for copyright reasons.
Photo of LHD in Nagoya, Japan.

See http://tempest.das.ucdavis.edu/pdg/image003.jpg

Located in Nagoya, JapanLocated in Nagoya, Japan
Turned on in 1998Turned on in 1998



Info on LHDInfo on LHD
Largest Largest 
superconducting superconducting 
stellaratorstellarator in the in the 
worldworld
Major helical Major helical 
radius 3.9mradius 3.9m
Max helical field Max helical field 
6.9T6.9T
Three Three poloidalpoloidal
coils of varying coils of varying 
size, strength

Figure removed for copyright reasons.
Image of poloidal coils.

See image at http://www.lhd.nifs.ac.jp/en/lhd/LHD_info/coil.html

size, strength



Results at LHDResults at LHD

T=10keV for electronsT=10keV for electrons
T=13.5 T=13.5 keVkeV for ionsfor ions
0.36s confinement 0.36s confinement 
timetime
Plasma duration of Plasma duration of 
3900 seconds

Figure removed for copyright reasons.
See Reference 1.

3900 seconds



WendelsteinWendelstein 77--XX

Located in Located in GarchingGarching, , 
GermanyGermany
Currently in Currently in 
constructionconstruction
Scheduled to start up Scheduled to start up 
in 2011in 2011
Superconducting Superconducting 
magnetsmagnets
ProofProof--ofof--concept concept 
experimentexperiment



Info on W7Info on W7--XX

Field of 3TField of 3T
Max T=60 million KMax T=60 million K
Max radius 5.5mMax radius 5.5m
Discharge time of Discharge time of 
about 30 minutes, about 30 minutes, 
steady state with RF steady state with RF 
heatingheating
55--30 milligrams of 30 milligrams of 
materialmaterial



National Compact National Compact StellaratorStellarator
ExperimentExperiment

Based out of Based out of 
Princeton Plasma Princeton Plasma 
Physics Lab (PPPL)Physics Lab (PPPL)
First plasma in 2009First plasma in 2009
Demonstrate Demonstrate 
feasibility of smaller, feasibility of smaller, 
compact compact stellaratorsstellarators

Courtesy of the Princeton Plasma Physics Laboratory.



Some NCSX FactsSome NCSX Facts

Compact size Compact size 
requires high fields, requires high fields, 
high densitieshigh densities
Major radius 1.4mMajor radius 1.4m
1.21.2--1.7T field1.7T field
Uses 12MW heatingUses 12MW heating



So whatSo what’’s the problem?s the problem?

StellaratorsStellarators are expensiveare expensive
Billions, not millions, of dollarsBillions, not millions, of dollars

StellaratorsStellarators are not modularare not modular
Custom design and implementation for each Custom design and implementation for each 
coil makes repair/modification difficultcoil makes repair/modification difficult

StellaratorsStellarators are still big unknownsare still big unknowns
Still a lot of unanswered questions: how to Still a lot of unanswered questions: how to 
remove power, how to control plasmas, how remove power, how to control plasmas, how 
to maximize efficiencyto maximize efficiency



The Future of The Future of StellaratorsStellarators

Up in the air at this pointUp in the air at this point
Success of experimentsSuccess of experiments
Success of ITERSuccess of ITER
Advances in technologyAdvances in technology

May work in the distant future, but not May work in the distant future, but not 
before we know about ITERbefore we know about ITER
Still a good source of plasma scienceStill a good source of plasma science
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