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Introduction

üConventional gas puffer:

× Very simple system but low fueling efficiency.

üPellet injector:

× High fueling efficiency but the system is complicated.

üSupersonic molecular beam injector: Supersonic molecular beam injection (SMBI)

system has been developed as a new fueling method that can combine both

advantage of the conventional gas puffer and the pellet injection. SMBI provides

high-speed and high-directive gas injection by using a plenum pressure higher

than what is used in conventional gas puffing, so that neutral particles can be

injected deeper into the core plasma.

Fueling system

× Control of gas fueling is one of the most important issues to obtain a high density 

and good performance plasmas. 

× Fueling control enables the profile control of the core plasma density and reduction 

in neutral particles in the peripheral area.

× In GAMMA 10, central-cell has a simple solenoidal magnetic configuration by

using ten pancake coils. In addition, GAMMA 10 has many observation ports at

the central-cell. Thus, the central-cell is suitable for analyzing the plasma behavior

during SMBI.



Á Neutral transport was estimated by using 2-D image of light emission during SMBI.

Á The neutral transport was estimated by the calculated profile of Haline light emission.

× To investigatethe neutral particle during SMBIwith laval nozzleby usinghigh-speed
cameraanda Monte-Carlosimulation.

× Tocomparethe resultswith obtainedby straightnozzle.

In GAMMA 10 SMBI experiment has been carried out by three conditions:
× Without any nozzle 
×With straight nozzle
×With laval nozzle.

Á Comparison between experimental and simulation results. 

Background and Purpose

<Background>

<Purpose>



× The initial plasma is produced by plasma
gunslocatedin both ends. Thenthe plasma
is heated by ion cyclotron range of
frequency(ICRF)waves.

Overall view of GAMMA 10

Experimental set up(G-10 & SMBI)
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× TheSMBIsystemconsistsof a fast solenoid
valve with a magneticshield. The plenum
pressureisusually1 MPaandpulsewidth is
0.5-1.0 ms.



5

A fast camerahasbeen installedat the central-cell in order to observeplasmabehavior. The
camerasystemhastwo linesof sightin the horizontalandverticaldirectionof the cross-section

by usingdualbranchoptical fiber bundles.

<cross -section of the central -cell midplane >

High -speed 
camera

Sight in vertical 
direction

Sight in horizontal 
direction

Dual branch opticalfiber bundles

<Two-point Simultaneous Measurement System>

High-speed camera



SMBI

×I lhine emissiondetector consistsof theI ihnterferencefilter, a lens,an optical fiber and
photomultiplier. The emission selected by the interference filter is obtained and is
transferredto the photomultiplier with optical fiber. Theoptical signalis convertedto the
electronicsignalin photomultiplier.

HŬ line-emission detector system
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< Plenum pressure dependence of NLccand DMccin SMBI experiment>

× SMBI is injected at 150 
ms.

× Pulse duration: 0.5 ms
(150-150.5 ms).

× NLcc increasedbut the
DMcc decreased with
plenum pressure [
0.5MPa- 2.0MPa]during
SMBI experiment with
lavalnozzle.

Typical experimental results of SMBI


