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Research and Development of Electrodeless Plasma Rocket Engines
I. A New Helicon-Plasma Device equipped with a Segmented Multi-Loop Antenna

Takao TANIKAWA (Research Institute of Science and Technology, Tokai University)
Shunjiro SHINOHARA (Institute of Engineering, Tokyo University of Agriculture and Technology)
Taiseit MOTOMURA (Interdisciplinary Graduate School of Engineering Science, Kyushu University)
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Abstract

Electric propulsion systems are indispensable for near-future deep space explorations since they can
offer much higher fuel efficiency (i.e., large specific impulse) than chemical counterparts. However,
conventional electric thrusters suffer the problem of electrode erosion due to the direct contact of various
electrodes with hot plasmas; as a result, the advantage of a large specific impulse can be greatly reduced by
the finite lifetime of a thruster itself. In order to solve this problem, we have been working on developing a
completely electrodeless plasma thruster system based on a helicon wave rf-discharge and a plasma
acceleration scheme that actively utilizes external electromagnetic fields excited by antennas installed in the
outside region of the hot plasma. At Tokai University, a new helicon-plasma device, which is equipped with
a specially designed segmented multi-loop antenna, has been constructed in order to perform basic
experimental research to test various electrodeless plasma acceleration concepts for electric thruster
applications. The same device can be used for various other plasma related applications, such as, basic
plasma physics experiments, experiments on plasma processing, and laboratory simulations of space plasma
phenomena. The device dubbed “Tokai Helicon Device” is described in this article.
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Figure 1. Schematic of the Tokai Helicon Device (THD) with several

examples of the axial magnetic field profile.

Figure 2. Photos of the THD and the segmented multi-loop antenna.
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Figure 3. Characteristics of Ar gas discharge in the Tokai Helicon Device.
(a) Electron density . versus injected rf power Piy;.
(b) Total antenna loading resistance R; (= vacuum loading resistance
+ plasma loading resistance) versus Pip.
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Development of versatile motion analysis program based on normalized correlation for
high-speed videography - Parallel processing with OpenMP and MPI -

Naoki YOKOYAMA (Institute of Research and Development, Tokai University)
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Keywords: High-speed video system, Motion analysis, Image correlation

Motion analysis program for images acquired by high-speed videography was developed and
tested. This program was originally developed for Shimadzu’ ultra high-speed video recording system. Then
it was extended to handle general movie AVI file. Fully automatic analysis method of position detection
based on cross-correlation was proposed. Experiments were performed for rotation of cooling fan and butane
combustion. Laser interferometer was utilized to visualize refractive index change caused by butane-air
combustion. Temporal resolutions were 1,000 frames/s to 100,000 frames/s. Cross-correlation calculations
can be very heavy load to computer systems, so any kind of parallel processing should be used if available.
CPU based parallel processing method OpenMP and network based method MPI1 were discussed this time.
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Evaluation of Indoor Lighting Environment Based on Spectral Optical Radiometry
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Abstract

An indoor lighting environment has been designed to contract comfortable, safety, and high working
efficient based on illuminance and colour appearance. Atrtificial general light sources have been used as a
light source for indoor lighting.  An international standard to the indoor lighting work place was published
by ISO/CIE. However, global warming became a serious problem. The design which uses sunlight
passing through a window is becoming active for reducing global warming. There is no data set of indoor
lighting environment which is lighting with artificial light source and the daylight. Aims of this research
are an evaluation of indoor lighting environment based on spectroradiometry, and demonstrated solutions of
indoor lighting environment when daylight used.
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