THE HELICON DISCHARGE IN THE VASIMR EXPERIMENT

Jared P. Squire V. T. Jacobsoh T. G. Glover

, G. E. McCaskill, F. C. Chang-DiaZ F. W. Baity

, M. D. Carte?, R. H. Goulding, R. D. Bengtsoh

, E. A. Bering, 1IP%, M. Brukardf

IMuniz Engineering Inc, Advanced Space Propulsion Laboyatad
Astra Rocket Company, Houston, TX, USA

2Advanced Space Propulsion Laboratory, Ad Astra Rocket Gomp
Houston, Texas, USA

30ak Ridge National Laboratory, Oak Ridge, Tennessee, USA
“Physics Department, University of Texas at Austin, Ausfiexas,
USA

5Physics Department, University of Houston, Houston, TekkeA
SECE Department, University of Houston, Houston, Texas, USA

The Advanced Space Propulsion Laboratory (ASPL) of the AttaARocket
Company is performing research on the Variable Specific lsgpMagnetoPlasma
Rocket (VASIMR). The VASIMR is a high powerty 10 kW, radio frequency (RF)
driven magnetoplasma rocket, capable of very high exhaletiies,> 100 km/s.
In addition, its unique architecture allows in-flight m@sioptimization of thrust and
specific impulse to enhance performance and reduce trip tithe ASPLs experi-
mental research focuses on three major areas: helicon @lpsoauction, ion cy-
clotron resonant frequency (ICRF) acceleration and plasxpansion in a magnetic
nozzle. A flexible four-magnet system, with a 1.3 Tesla maximmagnetic field
strength, is used to study axial magnetic field profile shdfeets. Power generated
at 13.56 MHz with over 20 kW is used to perform helicon plasmarse develop-
ment. A 2 to 4 MHz RF transmitter capable of 10 kW is coming malior ICRF ex-
periments. The primary diagnostics are: gas mass flow derspRF input power,
Langmuir probes, retarding potential analyzers (RPA) row@ve interferometers,
neutral pressure measurements, plasma light emissiorpactt@scopy.

Helicon research has focused on operation with hydroganedam, and he-
lium. Others are also being explored as well, nitrogen agdrarOptimization stud-
ies have been performed with the magnetic field axial profilpe, gas flow rate,
gas tube geometry, RF frequency and antenna geometry. iftrming discharges
have been found for deuterium where the plasma source pafae (ion current
per kW) is proportional to the applied magnetic field at thécbha antenna. The
present capability of our plasma source is a steady stasenpldlux of about #0%°
/s or almost 80 A of ion current. The operating frequency ef lilelicon discharge
is now several time the lowe rhybrid frequency, which raiggsresting questions
regarding the role of the lower hybrid resonance in helicparation. These high-
density plasmas have enabled exciting ICRF experimentaiilidbe discussed in a
companion paper bRrukardt et al. This paper will highlight the primary results in
the development and evaluation of the helicon plasma source
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