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Outline of Presentation

« Summary of thetalk presented in the Engineering Meeting
on May 30 . In that talk, comparisons of physics properties
of reconstructed plasmas were made.

» Discussion of using bootstrap current consistent with the
density and temperature profiles from transport
assessment.
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Sixteen modular coil designsfor L1383 by Dennis Strickler
have been evaluated. Optimization of coil currents has been
carried out to further improve physics properties at the S3 state.

—  Symmetry coil @ v=0, 7 coils/period:
0907a2(M2), 1017a2(M 3), 0105¢c2(M8), 0305a1(M 11),
0123a1(M9), 0125a1(M10), 0227a1(M 12).

— Symmetry coil @ v=1/2, 7 coils/period.:
1115b8(M4), 1219a6(M7), 0321a1(M15),
0321a4(M 16), 0321a5(M 17).

—  Symmetry coils @ v=0 & v=1/2, 6 coils/period:
1207a6(M5),
1215b4(M6),
0312a3(M13), 0312a4(M 14).

Not all coils have been studied to the same depth, but M12, M7 and M 13
have been singled out as potential candidates from our preliminary studies.
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Reconstructed plasmas using coils directly from the present
generation of coil optimization code have many featuresin
common (assuming good, nested flux surfaces).

— Excellent match of A, (3, 1 profile, and ballooning characteristics.

— Geometricaly, al LCMS match the baseline L1383 reasonable well, but
most miss out the tips in the crescent shaped section or the tip of the
oblate section.

— All have worse QA than the baseline L1383 plasma in the core region
(r/a<0.5).

— All are kink unstable (Terpsichore eigenvalue >104), either to 5/8 or 3/6
mode.

What distinguishes them isjust the degree of deviation
from the baseline.
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Plasma performance can be improved by further optimizing
coll current without changing coil geometry.

» [For example, for 0227a1(M 12) caill

— M12.3.K21: Jac(1,5) lowered by x10, ballooning stable, kink stable with
new modified 91 mode table, =5.4%.

— M12.3.K28: effective ripple improved and NB loss ~ baseline L1383
plasma. Kink eigenvalue~1.5x104

— M12.3.K29: recovered almost all the properties of the reference plasma,
except somewhat larger effective ripple in the region r/a<0.5.

— All of these are achieved without using additional coils, and the
modifications of coil currents are modest.
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Cross Section at v=0 for the reference M12 (left) and current
modified M12.K29 (right), in comparison to the baseline L1383
plasma

LPK-061101 6



Comparison of effective ripple for three modified cases of M12.
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Modest modification of M12 coil currents can improve
plasma performance of different emphasis.
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Presently, M12 is considered to be the best candidate for the
reference coll, provided that islands can be healed and its ability
to access other regions of operating space ascertained.
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PIES studies of flux surface quality showed that the appearance
of the 2/9 resonance destroys most of the outer surfaces.

« Attempts have been made to improve surface qualities (non-Hudson)

— Decrease edge iotato be farther away from 2/9 by modifying plasma
current.

— Reduce Boozer Jacobian of the 1/5 resonance in VMEC solution by
modifying coil currents.

 The*non-Hudson” approach, although helpful, is inadequate.

« |dand healing viaiterative PIES calculation and coil modification
appears necessary.

For whatever coil we choose, island healing hasto be carried out first
since the coil geometry will be modified.
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Flux surfaces in polar coordinates for M12 after 200 iterations
(blend=0.99, pies20) (Ieft) and with two additional iterations

without blending (right).
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Flux surfaces in polar coordinates for M12 after 400 iterations
(blend=0.99, pies20) (Ieft) and with two additional iterations

without blending (right).
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Flux surfaces from reference M 12 coils (left) and current modified
M 12 that reduces 1/5 resonance Boozer Jacobian by afactor of 10

In VMEC solution (right),

after 100 iterations with blend=0.99.
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Flux surfaces from reference M 12 coils (left) and current modified
M 12 that reduces 1/5 resonance Boozer Jacobian by afactor of 10
In VMEC solution (right), after 200 iterations with blend=0.99.

-~

., D L

s e ~. - e - i ) . LT .
@ T b by e b T T T T T i b b T Ly 1T I|-”|“.|-:|L..L-I-h-l-r:rl|||||||| P e o B e e N N
-3.8 -2.58 2.8 1.5 -1.8 -.5 4l =l 1.8 1.5 2.@ 2.5 3.8 3P -2.5 28 -1.5 1.8 -.5 a 5 1.8 1.5 2.8 a5 3.8
theta theta
Pt=2B@ rpoince background ceordinates it=20@ rpoinc: background coordinates
m12kB2_a Plat 1803 m12k21 _a flat 1893

LPK-061101 14



Flux surfaces from reference M 12 coils (left) and current modified
M 12 that reduces 1/5 resonance Boozer Jacobian by afactor of 10
In VMEC solution (right), after 400 iterations with blend=0.99.
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Evauation of Bootstrap Current Using Self-Consistent Profiles

* Thelocation, width, and separation of islands, and consequently, the
guality of flux surfaces, are functions of the iota profile, which
depends on the level and shape of the bootstrap current in QAS.

* The pressure profile and bootstrap current profile used in the
baseline L1383, are inconsistent with those derived from the
transport assessment (Mikkelsen & Zarnstorff).
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Temperature (keV) and density (10° m3) profiles derived from
radial power balance for 3=4%, R=1.4m, B=1.2T, P,=6 MW and
spatially constant X ,,om- V' (Min)=0.25
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The resulting pressure profile isamost linear in sand is more

peaked than that of the baseline.
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...And the bootstrap current profile is nearly flat (based

on JBSC with B, ..o Set to 0).
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Theiotaprofilerises rapidly, pushing 1/5, 1/6 resonance
towards the axis, but making the configuration unstable to

the kinks and ballooning.
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Flux surfaces in polar coordinates for L1383 with transport
consistent bootstrap current after 200 iterations of fixed-
boundary PIES calculation (left, blend=0.99) and with two
additional iterations without blending (right).
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The configuration may be made kink stable (n<5) with M12

(e.g. M12.3.k33). Stabilizing ballooning near the edge is more

difficult duetothelargep'.
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Again, only modest change isrequired in coil currents.

o

M12 M12.K33

-1.5

Coil Current (MA)

-2.0

-2.5

Modular Modular Modular Modular 1/R
1 2 3 4

LPK-061101

23



Flux surfaces in polar coordinates with transport consistent bootstrap

current after 200 iterations for M 12K 33. Left: with blend=0.99.
Right: with two additional iterations without blending.
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appears to be again a problem.

While PIES is not yet converged, the loss of surfaces due to the 2/9 resonance
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Work in Progress and Short-Term Plans

e Examine quality of flux surfaces of M12.S3.K33. Can we
make it better (still transport self-consistent)?

o Study physics properties of M12 at other pointsin
operating space. Can they be accessed without
jeopardizing flux surface integrity? How robust isisland
healing to profile changes?

* Arethere other coils equally flexible and better?
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