Flow Dynamics of Spheromaks in SSX
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Introduction Mach Probe Studies Mach Probe Results

-The Swarthmore Spheromak Experiment (SSX) is designed to study both basic

Miaoh Drit in Single Spheromak Shot with Probe Siteh (B/E) ssimathal Fows During Counter-elloity Merging.

plasma physics (reconnection) and fusion-related science (spheromaks and
FRCs). Plasma flow is a central theme in both cases. Reconnection generates - !
Alfvenic plasma outflow and our formation scheme can generate strong flows in L ! B
spheromaks and FRCs. j h
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Figure 1. ic of spheromak ion in SSX. Spt are ejected at 100 km/s.
Figure 10a. “Flip” test with single spheromak Figure 11a. Mean reconnection outflow for merging spheromaks,
using Mach Il (J. Horwitz, JP1.37). azimuthal flow, one side of the bidirectional jet
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Figure 11b. Mean axial flow at the midplane for merging
Figure 10b. High velocity axial flow pl 3 with ion (v = 0).
with single spheromak (v = 100 km/s)

Optical Diagnostic Results (IDS, VUV, SXR)

Figure 5. Mach probe schematic. Larger Mach Il (top), smaller Mach | in He GDC plasma (bottom).

Vacuum Ultraviolet and Soft X-ray

Figure 3. Plasma discharge in SSX (H plasma). Soft x-ray array is depicted (top).

lon Doppler Spectroscopy (IDS)

-Our primary diagnostic to measure line averaged flow is IDS. The SSX IDS
instrument measures with 1 ps time resolution the width and Doppler shift of CllI
impurity (H plasma) 229.7 nm line to determine Ti and line- averaged flow velocity.

Figure 6. Calculated spectra with T = 12, 28, and 44 eV. 0.1% C, N, and O impurities.
C; ions performed with Pri:
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Figure 13. Scaling of Ti (measured with IDS) with density
(measured with HeNe interferometer).

L - N Figure 12. IDS output optics and multi-
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5 e counter-helicity merging (C. Cothran). nm) ratio (V. Chaplin, JP1.38).
-60 -40 =20 0 20 40 €0
av [km/s] Acknowledgements
This work is supported by USDOE grant ER54654 and the NSF Center for Magnetic Self Organization. Special thanks to
Figure 4. The SSX IDS setup. Typicallow flow data | Joe MacFarlane at Prism Computational Sciences for his generous assistance with numerous aspects of the computer

models.

Figure 9. SXR filtered diode array.




