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Overview of XP

Why study plasmas with larger aspect ratio?
— Get at the physics of the ST.
— NSTX-Upgrade will have a larger aspect ratio.
— Many next-step ST designs are at somewhat larger aspect ratio.

Did a successful XP to start these studies.
— Machine not optimal...single LITER before the day started.
Day #1: 4 shots

— Found a strong increase in the passive vertical growth rate vs A (=R/a).

Day #2: 17 shots

— Studied plasma performance vs. A and «.

— Plasmas with good performance were achieved for NSTX-U shapes.

— Found that the | widow for n=0 stable operation may be much reduced.
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New Shapes Were Developed . B

* Increase PF-1A currents to
open the inner gap.

 Decrease PF-3 current to
make the plasma taller.

* Fix outer gap.

« Two examples:
— Black is close to fiducial
e k=24, A=1.45
o lopia=11.5 KA, lor.5=4 kA
— Blue is near extreme in scan
e k=2.8, A=1.65
o lop.1a=19 KA, lors= 3 KA

» All sustained for a couple of
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Discharges Are An Important Extension of the NSTX
Operating Space

« Black lines enclose
traditional NSTX
operating space.

* Note strong coupling
between aspect ratio
and elongation.

 Record NSTX
elongations for long(er)
pulses and high(er)
elongations.

v

Black Lines: Boundary of traditional NSTX
operating space.

Blue Points: High-performance discharges.

Red Points: XP-1071, stable for at least 100 msec.
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Passive Growth Rate Found To Increase With Aspect Ratio

Freeze Vertical Control, Allow the Plasma to Drift Vertically.
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Significant Reduction of the Calculated No-Wall g, Limit in
These Scenarios.

« Use actual equilibria, reconstructed with MSE, Te-lIsotherm, magnetics.

« Scale pressure profile, compute dW for each one, find g, where §W=0.

« Repeat for many many time slices and then sort those with similar q,.

» | tended to decrease with A (except when it didn’t), but no clear trend in Fp.
« XP did not actively push the f limit...need to revisit.
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Summary

« XP was successful in creating unique high-A plasmas.
— Readily achieved the NSTX-Upgrade aspect ratio.
— Small performance degradation observed with increasing A.
— Found that the |. window is much reduced.

« Many questions to be answered...some of which include:

— How does the achievable #, depend on (high) A and «?

* And how does the choice of MHD control tools impact the answer?
— Is there any core confinement improvement/degradation?

» Separate effects for e- and i- channels?
— Can the n=0 control be made more robust?

* Increase the gain on the voltage difference, be more sophisticated?
— Compatibility with more exotic divertors?
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