REACTOR STUDIES FOR THE
LHD AND THE MHH?2

P.R. Garabedian

The NSTAB code has been run to show that
the LHD stellarator is linearly unstable, but
remains nonlinearly stable, at the G of 3.2%
achieved experimentally. At observed temper-
atures of 3 keV the TRAN code predicts an
energy confinement time of 160 ms that agrees
with measured values. Predictions of balloon-
ing stability for the LHD are more pessimistic
than estimates from bifurcated solutions cal-
culated over 1, 2, 5 or 10 periods.

Good correlation of computations with ob-
servations in the LHD have been applied to
assess results about equilibrium, stability, and
transport for a quasiaxially symmetric MHH2
reactor. T'welve only moderately twisted coils
provide robust magnetic surfaces. The [ limit
is 4%, and 12 only moderately twisted coils
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Poincaré map of the flux surfaces at four cross sections
over the full torus of a bifurcated LHD equilibrium at
B = 0.025 with the magnetic axis shifted inward to a
osition with plasma radius R = 3.6. For a standard

sure profile p = po(1—s), and with bootstrap current
the global m = 1,n = 1 mode of this solution is linearly
unstable, but nonlinearly stable.
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Poincaré map of the flux surfaces at four cross sections
over five field periods of a bifurcated LHD equilibrium
at B = 0.02 with the magnetic axis shifted inward to a
position with plasma radius R = 3.6. For a triangular
pressure profile p = po(1 — s%7) like observed values of
the electron temperature, the solution is linearly unstable
but nonlinearly stable.



Poincaré map of the flux surfaces at four cross sections
over five field periods of a bifurcated LHD equilibrium
at B = 0.03 with the magnetic axis shifted inward to a
position with plasma radius R = 3.6. For a triangular
pressure profile p = pg(1 — s%8) like observed values of
the electron temperature, the solution is linearly unstable
but nonlinearly stable.
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Poincaré map of the flux surfaces at four cross sections
over one field period of a bifurcated LHD equilibrium
at # = 0.04 with the magnetic axis shifted inward to a
position with plasma radius R = 3.6. For a standard
pressure profile p = po(1 — s), this solution developed a
ballooning mode and is becoming nonlinearly unstable.
The mode was stable at 3 = 0.03.
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Four cross sections of the flux surfaces over one field
period of a bifurcated W7-AS equilibrium at § = 0.03
with a pressure profile p = po(1 — s) and with net cur-
rent bringing the rotational transform into the interval
0.6 > ¢ > 0.5. At conditions related to those in the ex-
periment an ideal MHD mode with ballooning structure
appears in the calculation. After the net current was re-
moved the solution became stable. In this example the
NSTAB code was run 10° cycles using spectral terms of

Aeorena 29 and 924 in the nalaidal and tarnidal ancolea
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Cyecles of a calculation of the energy confinement time 75
in milliseconds for an NBI shot of the LHD experiment
using a quasineutrality algorithm to adjust the electric
potential ®. Oscillations of ® along the magnetic lines
model turbulence and anomalous transport, so there is
good agreement with the measured value.
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[terations to quasineutrality in a Monte Carlo study of
the energy confinement time 7g, measured in millisec-
onds, for an LHD stellarator with major radius 25 m and
plasma radius 4.5 m at reactor conditions with average
T = 12keV, n = 1.2 x 10 cm™3, and B = 5tesla.
Transport is good because the radial electric field has
risen to a potential level four times as big as the temper-

ature.
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Iterations to quasineutrality in a Monte Carlo compu-
tation of the energy confinement time 7, measured in
milliseconds, for an MHH2 stellarator with major radius
10 m and plasma radius 3 m at reactor conditions with av-
erage T = 12keV, n = 1.7 x 10 cm ™3, and B = 5 tesla.
The magnetic spectrum has good axial symmetry, but we
have superimposed a mirror term anyway that improves
transport by driving the radial electric field to a potential
level four times as big as the temperature.



Four cross sections of the flux surfaces over the full torus
of a stable MHH2 equilibrium at g = 0.04 with a pressure
profile p = po(1 — s'°)1% and with net current bringing
the rotational transform into the interval 0.48 > ¢ >
0.45. In this example the NSTAB code was run 35,000
cycles using spectral terms of degree 24 in each of the
poloidal and toroidal angles and using 27 radial mesh
points.
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Four Poincaré sections of the flux surfaces over two field
periods of an MHH2 equilibrium with a pressure profile
p = po(1 — s%)?, a B of 5%, and 0.6 > ¢ > 0.4. Dur-
ing a run of 5 x 10° cycles of the NSTAB code using
trigonometric polynomials of degree 20, an asymmetrical
ballooning mode converged to a symmetric pair of bulges
in regions of bad curvature of a wall stabilized solution
of the magnetostatic equations that minimizes E.
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Six out of twelve modular coils of the MHH2 stellarator
in a vacuum magnetic field given by the Biot-Savart law.

Judicious filtering of the Fourier series used to calculate

filaments specifying the geometry of the configuration de-

fines shapes that are not excessively twisted. Parameters

have been adjusted to provide ample space around each

coil, and the aspect ratio of the plasma is 3.5.



Poincaré section of magnetic surfaces for the MHH2 stel-
larator displaying the control surface for the coils, the
known shape of the plasma at § = 0, and magnetic lines
computed in a plasma with five big islands where the
rotational transform crosses the resonant value ¢ = 2/5.



Poincaré section of magnetic surfaces for the MHH2 stel-
larator displaying the control surface for the coils, the
known shape of the plasma at # = 0, and magnetic lines
computed in a plasma with islands that have been sup-
pressed where the rotational transform crosses the reso-
nant value ¢ = 2/5.
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Poincaré section of a free boundary calculation for the
MHH2 stellarator displaying the control surface for the
coils, the known shape of the plasma at § = 0, fila-
ments that simulate currents in the plasma driven by
the pressure, and magnetic lines computed at finite 3 in
the scrape-off layer of the solution, where the rotational
transform is crossing the resonant value ¢ = 2/5.



