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A Quasi-Axisymmetric Stellarator, NCSX is being designed for construction at PPPL. The
designs under consideration are capable of achieving β values of several percent with about half

the transform produced by internal current. An issue is whether plausible trajectories exist from
the vacuum fields to the target plasma. The current sources are Ohmic, bootstrap, and neutral

beams. Discharge evolution is being studied in a 2-D approximation with the TRANSP code. The
external transform is mocked-up as a lower-hybrid driven current that does not diffuse. The other

source terms diffuse with neoclassical plasma resistivity. For plausible, assumed profiles the
current can be programmed to reach near steady-state conditions in a 500 ms pulse length.
Results will be presented.
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SSSSIIIIMMMMUUUULLLLAAAATTTTIIIINNNNGGGG    TTTTHHHHEEEE    EEEEVVVVOOOOLLLLUUUUTTTTIIIIOOOONNNN    OOOOFFFF    TTTTHHHHEEEE    CCCCUUUURRRRRRRREEEENNNNTTTT    PPPPRRRROOOOFFFFIIIILLLLEEEE
•  TTTTRRRRAAAANNNNSSSSPPPP    iiiissss    uuuusssseeeedddd    ttttoooo    ssssiiiimmmmuuuullllaaaatttteeee    tttthhhheeee    ddddiiiisssscccchhhhaaaarrrrggggeeee    eeeevvvvoooolllluuuuttttiiiioooonnnn....
•  PPPPrrrrooooffffiiiilllleeeessss    ffffoooorrrr    TTTTeeee    aaaannnndddd    nnnneeee    aaaarrrreeee    aaaassssssssuuuummmmeeeedddd,,,,    bbbbaaaasssseeeedddd    oooonnnn    ttttooookkkkaaaammmmaaaakkkk    aaaannnndddd
sssstttteeeellllllllaaaarrrraaaattttoooorrrr    eeeexxxxppppeeeerrrriiiieeeennnncccceeee....

•  IIIInnnn    tttthhhheeee    ccccoooonnnntttteeeexxxxtttt    ooooffff    TTTTRRRRAAAANNNNSSSSPPPP,,,,    tttthhhheeee    eeeexxxxtttteeeerrrrnnnnaaaallll    ttttrrrraaaannnnssssffffoooorrrrmmmm    iiiissss    ssssiiiimmmmuuuullllaaaatttteeeedddd    aaaassss
aaaa    lllloooowwwweeeerrrr    hhhhyyyybbbbrrrriiiidddd    ddddrrrriiiivvvveeeennnn    ccccuuuurrrrrrrreeeennnntttt,,,,    iiii....eeee....    tttthhhheeee    LLLLHHHHCCCCDDDD    ddddooooeeeessss    nnnnooootttt    ddddiiiiffffffffuuuusssseeee,,,,    iiiitttt
iiiissss    ffffiiiixxxxeeeedddd    iiiinnnn    ttttiiiimmmmeeee....

•  TTTToooo    ddddeeeetttteeeerrrrmmmmiiiinnnneeee    tttthhhhiiiissss    LLLLHHHHCCCCDDDD    ccccuuuurrrrrrrreeeennnntttt    pppprrrrooooffffiiiilllleeee    ,,,,    ffffiiiirrrrsssstttt    tttthhhheeee    ttttaaaarrrrggggeeeetttt
ccccoooonnnnffffiiiigggguuuurrrraaaattttiiiioooonnnn    iiiissss    mmmmooooddddiiiiffffiiiieeeedddd    ttttoooo        β ====    0000,,,,    IIIIpppp    ====    0000    ttttoooo    ggggeeeetttt    tttthhhheeee    vvvvaaaaccccuuuuuuuummmm    iiiioooottttaaaa

•  TTTThhhheeee    vvvvaaaaccccuuuuuuuummmm    iiiioooottttaaaa    iiiissss    ppppuuuutttt    iiiinnnnttttoooo    aaaa    sssseeeeccccoooonnnndddd    VVVVMMMMEEEECCCC    rrrruuuunnnn    wwwwiiiitttthhhh
RRRRbbbbddddyyyy((((nnnn≠0000))))====0000,,,,    ZZZZbbbbddddyyyy((((nnnn≠0000))))====0000    ((((TTTThhhheeee    aaaaxxxxiiiissssyyyymmmmmmmmeeeettttrrrriiiicccc    ccccoooommmmppppoooonnnneeeennnnttttssss    ooooffff    tttthhhheeee
sssshhhhaaaappppeeee....))))
•  SSSSiiiinnnncccceeee    iiiioooottttaaaa    iiiissss    ssssppppeeeecccciiiiffffiiiieeeedddd    aaaannnndddd    tttthhhheeeerrrreeee    iiiissss    nnnnoooo    3333DDDD    sssshhhhaaaappppiiiinnnngggg    VVVVMMMMEEEECCCC
ccccaaaallllccccuuuullllaaaatttteeeessss    tttthhhheeee    ccccuuuurrrrrrrreeeennnntttt    pppprrrrooooffffiiiilllleeee    rrrreeeeqqqquuuuiiiirrrreeeedddd    ffffoooorrrr    tttthhhhiiiissss    iiiioooottttaaaa....

•  TTTThhhheeee    rrrreeeessssuuuullllttttiiiinnnngggg    ttttoooorrrrooooiiiiddddaaaallll    ccccuuuurrrrrrrreeeennnntttt    pppprrrrooooffffiiiilllleeee    iiiissss    eeeexxxxttttrrrraaaacccctttteeeedddd,,,,    ttttoooo    bbbbeeee    uuuusssseeeedddd    aaaassss
LLLLHHHHCCCCDDDD    ((((    aaaa    nnnnoooonnnn----ddddiiiiffffffffuuuussssiiiinnnngggg    ccccoooommmmppppoooonnnneeeennnntttt    ooooffff    tttthhhheeee    ccccuuuurrrrrrrreeeennnntttt    ddddeeeennnnssssiiiittttyyyy))))    iiiinnnn
TTTTRRRRAAAANNNNSSSSPPPP
•  NNNNoooowwww    TTTTRRRRAAAANNNNSSSSPPPP    iiiissss    ssssttttaaaarrrrtttteeeedddd    wwwwiiiitttthhhh    tttthhhhiiiissss    ccccuuuurrrrrrrreeeennnntttt    pppprrrrooooffffiiiilllleeee    aaaannnndddd    β ≈    0000                                                     
((((    TTTT((((0000))))    ≈    55550000    eeeeVVVV,,,,                <<<<nnnneeee>>>>    ≈    5555xxxx1111000011112222    ccccmmmm----3333))))....
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LI383 QAS Configuration



The present focus is the "li383"
configuration. Flux contours in 
3 planes are shown here.
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LI383 Profiles vs Normalized Toroidal Flux
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External Transform Simulated as LHCD in TRANSP
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Profiles are simple functions ( 1-xm )n

Ti , similar to Te, is obtained using χi = 8 χNC 
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We do have hopes of replacing assumed profiles with transport models, 
but the proiflies are reasonable and it is useful to change profile assumptions 
and observe the changes in the plasma current profile.



SSSSiiiimmmmuuuullllaaaattttiiiioooonnnn    RRRReeeessssuuuullllttttssss

TTTThhhheeee    ffffooooccccuuuussss    hhhheeeerrrreeee    iiiissss    oooonnnn    tttthhhheeee    eeeevvvvoooolllluuuuttttiiiioooonnnn    ooooffff    iiiioooottttaaaa    aaaannnndddd    tttthhhheeee    vvvvaaaarrrriiiioooouuuussss    ccccoooonnnnttttrrrriiiibbbbuuuuttttiiiioooonnnnssss
ttttoooo    iiiitttt;;;;    vvvvaaaaccccuuuuuuuummmm    ttttrrrraaaannnnssssffffoooorrrrmmmm,,,,    OOOOHHHH    ccccuuuurrrrrrrreeeennnntttt,,,,    bbbboooooooottttssssttttrrrraaaapppp    ccccuuuurrrrrrrreeeennnntttt,,,,    aaaannnndddd    NNNNBBBBCCCCDDDD....

IIII    wwwwiiiillllllll    ssssttttaaaarrrrtttt    wwwwiiiitttthhhh    aaaa    ggggeeeennnneeeerrrraaaallll    ssssuuuurrrrvvvveeeeyyyy    ooooffff    tttthhhheeee    rrrreeeessssuuuullllttttssss    iiiinnnn    tttthhhheeee    ccccoooonnnntttteeeexxxxtttt    ooooffff
ttttooookkkkaaaammmmaaaakkkkssss....

OOOOnnnneeee    wwwwaaaayyyy    ttttoooo    vvvviiiieeeewwww    tttthhhheeee    QQQQAAAASSSS    sssstttteeeellllllllaaaarrrraaaattttoooorrrr    iiiissss    ttttoooo    ccccoooommmmppppaaaarrrreeee    iiiitttt    ttttoooo    tttthhhheeee    AAAATTTT
ttttooookkkkaaaammmmaaaakkkk....    AAAA    ddddiiiissssttttiiiinnnnccccttttiiiioooonnnn    iiiissss    tttthhhhaaaatttt    tttthhhheeee    mmmmaaaaggggnnnneeeettttiiiicccc    sssshhhheeeeaaaarrrr    iiiissss    rrrreeeevvvveeeerrrrsssseeeedddd    aaaallllllll    tttthhhheeee
wwwwaaaayyyy    ttttoooo    tttthhhheeee    eeeeddddggggeeee....    Instead of tailoring the current profile sources to produce shear
reversal, magnets are used. The equivalent in a tokamak would be to actually produce the
LHCD profile shown above, and then add the bootstrap current to it.

FFFFoooorrrr    tttthhhheeee    lllliiii333388883333    ccccoooonnnnffffiiiigggguuuurrrraaaattttiiiioooonnnn,,,,    mmmmoooosssstttt    ooooffff    tttthhhheeee    ttttrrrraaaannnnssssffffoooorrrrmmmm    iiiissss    eeeexxxxtttteeeerrrrnnnnaaaallll
    ((((IIIILLLLHHHH    ====    333322220000    kkkkAAAA,,,,    IIIIttttooootttt----444477770000    kkkkAAAA,,,,    BBBBtttt    ====    1111    TTTT))))....

TTTThhhheeee    ppppllllaaaassssmmmmaaaa    ccccuuuurrrrrrrreeeennnntttt    iiiissss    rrrraaaammmmppppeeeedddd    aaaatttt    2222    MMMMAAAA////ssss    ttttoooo    iiiittttssss    ffffiiiinnnnaaaallll    vvvvaaaalllluuuueeee....    SSSSiiiinnnncccceeee    tttthhhheeee
ppppllllaaaassssmmmmaaaa    iiiinnnniiiittttiiiiaaaattttiiiioooonnnn    iiiissss    iiiinnnn    aaaa    ccccoooonnnnffffiiiigggguuuurrrraaaattttiiiioooonnnn    wwwwhhhhiiiicccchhhh    hhhhaaaassss    cccclllloooosssseeeedddd    ssssuuuurrrrffffaaaacccceeeessss    tttthhhheeeerrrreeee
sssshhhhoooouuuulllldddd    bbbbeeee    nnnnoooo    pppprrrroooobbbblllleeeemmmm    wwwwiiiitttthhhh    bbbbrrrreeeeaaaakkkkddddoooowwwwnnnn....

TTTThhhheeeennnn    NNNNBBBBIIII    bbbbeeeeggggiiiinnnnssss....    TTTThhhheeee    NNNNBBBBIIII    iiiissss    wwwwiiiitttthhhh    bbbbaaaallllaaaannnncccceeeedddd    bbbbeeeeaaaammmmssss    ttttoooo    aaaavvvvooooiiiidddd    NNNNBBBBCCCCDDDD....    UUUUssssiiiinnnngggg
ccccooooiiiinnnnjjjjeeeeccccttttiiiioooonnnn    wwwwoooouuuulllldddd    rrrraaaaiiiisssseeee    cccceeeennnnttttrrrraaaallll    ι ,,,,    rrrruuuuiiiinnnniiiinnnngggg    tttthhhheeee    sssshhhheeeeaaaarrrr    rrrreeeevvvveeeerrrrssssaaaallll....

OOOOnnnneeee    rrrreeeeaaaassssoooonnnn    tttthhhhiiiissss    ccccoooonnnnffffiiiigggguuuurrrraaaattttiiiioooonnnn    iiiissss    pppprrrreeeeffffeeeerrrraaaabbbblllleeee    ttttoooo    tttthhhheeee    CCCC88882222    ccccoooonnnnffffiiiigggguuuurrrraaaattttiiiioooonnnn
iiiissss    tttthhhhaaaatttt    iiiitttt    hhhhaaaassss    hhhhiiiigggghhhheeeerrrr    ι ,,,,    iiiimmmmpppprrrroooovvvviiiinnnngggg    bbbbeeeeaaaammmm    ccccoooonnnnffffiiiinnnneeeemmmmeeeennnntttt    aaaannnndddd    aaaalllllllloooowwwwiiiinnnngggg
bbbbaaaallllaaaannnncccceeeedddd    nnnneeeeuuuuttttrrrraaaallll    bbbbeeeeaaaammmm    iiiinnnnjjjjeeeeccccttttiiiioooonnnn....
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SSSSiiiimmmmuuuullllaaaattttiiiioooonnnn    RRRReeeessssuuuullllttttssss

IIIItttt    iiiissss    rrrreeeeaaaassssoooonnnnaaaabbbblllleeee    ttttoooo    eeeexxxxppppeeeecccctttt    tttthhhheeee    ccccuuuurrrrrrrreeeennnntttt    eeeevvvvoooolllluuuuttttiiiioooonnnn    ttttoooo    yyyyiiiieeeelllldddd    aaaa    ccccoooorrrrrrrreeeecccctttt    iiiioooottttaaaa
pppprrrrooooffffiiiilllleeee....•  TTTThhhheeee    eeeexxxxtttteeeerrrrnnnnaaaallll    ttttrrrraaaannnnssssffffoooorrrrmmmm    iiiissss    2222////3333    ooooffff    tttthhhheeee    ttttoooottttaaaallll....

•  AAAAtttt    tttthhhheeee    ttttaaaarrrrggggeeeetttt    bbbbeeeettttaaaa    tttthhhheeee    rrrreeeemmmmaaaaiiiinnnnddddeeeerrrr    iiiissss    bbbboooooooottttssssttttrrrraaaapppp    ccccuuuurrrrrrrreeeennnntttt,,,,    wwwwhhhhiiiicccchhhh    aaaallllssssoooo
ppppeeeeaaaakkkkssss    ttttoooo    tttthhhheeee    oooouuuuttttssssiiiiddddeeee    ooooffff    tttthhhheeee    ppppllllaaaassssmmmmaaaa....

•  IIIIffff    tttthhhheeee    ccccoooonnnnffffiiiinnnneeeemmmmeeeennnntttt    ddddooooeeeessss    nnnnooootttt    yyyyiiiieeeelllldddd    aaaaddddeeeeqqqquuuuaaaatttteeee    bbbbeeeettttaaaa    aaaannnndddd    OOOOHHHH    ccccuuuurrrrrrrreeeennnntttt
bbbbeeeeccccoooommmmeeeessss    iiiimmmmppppoooorrrrttttaaaannnntttt,,,,    tttthhhheeee    ccccuuuurrrrrrrreeeennnntttt    pppprrrrooooffffiiiilllleeee    wwwwiiiillllllll    ffffiiiillllllll    iiiinnnn    aaaatttt    tttthhhheeee    cccceeeennnntttteeeerrrr
rrrraaaaiiiissssiiiinnnngggg    cccceeeennnnttttrrrraaaallll    ι.

•  SSSSiiiimmmmiiiillllaaaarrrrllllyyyy,,,,    iiiiffff    tttthhhheeee    NNNNBBBBIIII    iiiissss    nnnnooootttt    bbbbaaaallllaaaannnncccceeeedddd,,,,    NNNNBBBBCCCCDDDD    wwwwiiiillllllll    rrrraaaaiiiisssseeee    cccceeeennnnttttrrrraaaallll    ι.
•  TTTThhhheeee    ffffiiiinnnneeee    ddddeeeettttaaaaiiiillllssss    ooooffff    iiiioooottttaaaa    uuuullllttttiiiimmmmaaaatttteeeellllyyyy    ddddeeeeppppeeeennnndddd    oooonnnn    ccccoooonnnnffffiiiinnnneeeemmmmeeeennnntttt    tttthhhhrrrroooouuuugggghhhh
tttthhhheeee    bbbboooooooottttssssttttrrrraaaapppp    ccccuuuurrrrrrrreeeennnntttt....

TTTThhhheeee    pppprrrrooooffffiiiilllleeee    eeeevvvvoooolllluuuuttttiiiioooonnnn    ccccaaaannnn    nnnnoooowwww    bbbbeeee    uuuusssseeeedddd    iiiinnnn    VVVVMMMMEEEECCCC    ttttoooo    ffffoooolllllllloooowwww    tttthhhheeee    ppppllllaaaassssmmmmaaaa
eeeevvvvoooolllluuuuttttiiiioooonnnn    aaaannnndddd    eeeexxxxaaaammmmiiiinnnneeee    ccccooooiiiillll    ccccuuuurrrrrrrreeeennnntttt    rrrreeeeqqqquuuuiiiirrrreeeemmmmeeeennnnttttssss....

WWWWeeee    ffffiiiirrrrsssstttt    ttttrrrryyyy    ttttoooo    pppprrrreeeesssseeeerrrrvvvveeee    tttthhhheeee    bbbboooouuuunnnnddddaaaarrrryyyy    sssshhhhaaaappppeeee    tttthhhhrrrroooouuuugggghhhh    tttthhhhiiiissss    eeeevvvvoooolllluuuuttttiiiioooonnnn....    TTTThhhheeee
ccccooooiiiillll    sssseeeettttssss    ddddeeeessssiiiiggggnnnneeeedddd    tttthhhhuuuussss    ffffaaaarrrr    ddddoooo    nnnnooootttt    rrrreeeepppprrrroooodddduuuucccceeee    ssssoooommmmeeee    ooooffff    tttthhhheeee    ddddeeeettttaaaaiiiillllssss    ooooffff    tttthhhheeee
sssshhhhaaaappppeeee....    HHHHoooowwwweeeevvvveeeerrrr,,,,    tttthhhheeee    mmmmaaaattttcccchhhh    wwwwiiiitttthhhh    tttthhhheeee    mmmmoooodddduuuullllaaaarrrr    ccccooooiiiillll    sssseeeetttt    ““““0000999900007777””””    sssshhhhoooowwwwnnnn    bbbbeeeelllloooowwww
ddddooooeeeessss    pppprrrreeeesssseeeerrrrvvvveeee    kkkkiiiinnnnkkkk    ssssttttaaaabbbbiiiilllliiiittttyyyy    ffffoooorrrr    mmmmaaaannnnyyyy    ooooffff    tttthhhheeee    eeeeqqqquuuuiiiilllliiiibbbbrrrriiiiaaaa    ggggeeeennnneeeerrrraaaatttteeeedddd    ffffrrrroooommmm
tttthhhhiiiissss    ssssiiiimmmmuuuullllaaaattttiiiioooonnnn....    FFFFoooorrrr    tttthhhheeee    ooootttthhhheeeerrrrssss    iiiitttt    wwwwiiiillllllll    bbbbeeee    nnnneeeecccceeeessssssssaaaarrrryyyy    ttttoooo    ddddoooo    aaaannnnooootttthhhheeeerrrr
ooooppppttttiiiimmmmiiiizzzzaaaattttiiiioooonnnn    ttttoooo    sssseeeeeeee    iiiiffff    ssssmmmmaaaallllllll    cccchhhhaaaannnnggggeeeessss    iiiinnnn    tttthhhheeee    ccccooooiiiillll    ccccuuuurrrrrrrreeeennnnttttssss    wwwwiiiillllllll    rrrreeeeggggaaaaiiiinnnn    kkkkiiiinnnnkkkk
ssssttttaaaabbbbiiiilllliiiittttyyyy....    ((((NNNNooootttt    ddddoooonnnneeee    yyyyeeeetttt....))))



The pressure and curent profiles now are put back into VMEC to generate a 
sequence of 3d equilibria to be studied in free-boundary. The current is 
differenced to obtain the internal current density which is transformed to the
VMEC variable I’(s) which is expressed as a 10th order polynomial along with p(s).
ι (s) is also fit and can be used as an alternative to I’(s) in VMEC.

red line is
SVD fit.





Modular Coil Currents
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The results from the TRANSP simulation are used in free-boundary equilibrium
calculations to find the coil currents required to best maintain the plasma shape.



PF Coil Currents
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The results from the TRANSP simulation are used in free-boundary equilibrium
calculations to find the coil currents required to best maintain the plasma shape.

The PF coil currents are large. Refinement of the coil set may be needed.



Summary

•  Discharge evolution for NCSX has been modeled using TRANSP.
•  Lower Hybrid Current Drive is used as a substitute for the external part of the transform.
•  A plasma current ramp of 2 MA/s requires only a modest loop voltage.
•  The plasma can reach nearly steady-state current profile within the 300 ms NBI pulse for Bt

= 1 T. (Residual loop voltage of 30 mV across the plasma with IOH ≈ 0.)
•  NBCD from co-injected beams is not consistent with the desired iota profile, but with

balanced injection this is removed.

•  Results have been generated using assumed profiles for Te and ne. In the future we hope to

add transport models and avoid direct assumption of the profiles.

•  The results from TRANSP for pressure and current density profiles are used in VMEC to
generate a series of 3D equilibria that are used to assess coil current requirements.

•  This has been done for the proposed alternatives of saddle and modular coils.
•  For the modular coil option the PF currents are large and further optimization is needed.

•  The simulation results have been examined for kink stability.

•  For the modular coil set the growth rate is between negligible and small.
•  I expect small changes in coil currents will make the all the equilibria stable.

•  For the saddle coils the growth rates are higher if we simply try to make the best free-
boundary approximation to the li383 shape and further study is needed.


