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Evaluation of Heat Loadings to the Arc Chamber

Masato AKIBA, Hiroshi HORIIKE, Masaaki KURIYAMAT,
Yoshihiro OHARA, Yoshikazu CKUMURA, Takemasa SHIBATA
and Shigeru TANAKA

Department of Thermonuclear Fusion Research,
Tokai Research Establishment, JAERI
(Received June 3, 1983)

Evaluation of heat loadings to an arc chamber is one of the most
important problems in developing high power, long pulse ion sources.
Two heat sources exist in the chamber; one is due to a source plasma
and the other is due to backstream electrons. In a present report, the
basic equations are derived so as to estimate the heat loading from the
source plasma on the arc chamber. Results derived from these equations
agreed well with experimental results on the small bucket ion source.
The heat loadings of the backstream electrons are evaluated by the
computer program which can relativistically analyze electren orbits in
a magnetic field. Using these equations and the program, a new.ion

source for JT-60 NBI is designed and tested.

Keywords: Ion Source, Heat Loading, Arc Chamber, Source Plasma,

Backstream Electron, JT-60, NBI
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POWER PLATE WALL GRID
casel 15.6 1.90 5.60 2.54
casel 15.5 178 5.40 2.74
casell 15.8 2.08 540 2.21
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#4 AXVERE~ORRN GIEE)

UNIT : kW
EX- CALCULATION
PERIMENT NEUTRAL PARTICLES
ane rowen, | CLASMA TOTAL
(e vw ) | PARTICLES |COLLISION RADIATION
BACK PLATER, | 1.90 0.32 1.2 0.47 (047) 2.00
SIDE WALL:R, | 5.43 | 1.28 4.7 1.9 (1.9 7.9
PLASMAGRIDR | 2.4 1 1.43 1.2 0.47 (047) 3.1
TOTAL 9.74 | 3.04 9.9 13.00
P, I P, 0.79 0.23 064
P I PR 225 0.90 2.53

( ) :CALCULATED BY
APPROXIMATED METHCD

#£5 JT~-60NBLEA A VROBERHE (EREROTLTHS,)

TYPICAL PERFORMANCE CHARACTERISTICS OF JT-60 PROTOTYPE NEI 520623
| oEsIGN VALUE _ ACHIEVED VALUE
BEAM ENERGY  [keV) 75 150~100) 75 , 75 85 100
70 1801 70 7i 37 32
BEAM CURRENT (A TWO SOURCES TWO SOURCES | TWO SOURCES | ONE SOURCE_ | ONE SOURCE
PULSE LENGTH (Sec} (0 10 10 2 a5
SRS SUPPLY THT0 10N SOURCES (8T | <2577 2 1IN0 18 63573 N0 13 120 INTO 1
ANO NEUTRALIZER N (Pa-m3/8) | <267x2 INTo N | MB0F2INOIS | ge3,5 N0 N | M7 INTOIS 167 INTO
BEAM DIVERGENCE 178 (Deg) 10 (05~1.2] 105 Y el 0,95 " or ¥
10N CURRENT DENSITY (A/cnd) 0.27 0.27 0.28 0.29 0.25
ATOMIC FRACTION ; . 8377315 3)
H{iHE ¥H§ {"%}) 75:20.5 e 77 12111 4}
low = 03% N
IMPURITY IN NEUTRAL BEAMS Low Z = 1% — <0.5% 4 —— —
Hrth-"Ol/o Mighz <0.1% 3
SIMULATING STRAY FIELD ON OFF ON OFF OFF OFF
RE-IONIZATION LOSS (%1} 5 —_ 4 | — — —
COLD G5 FLOW THROUGH THE _ -
INJECTION PORT  {Pa-m¥ S} 0.05 007 ~ 0.08
CRYO PANEL PUMPING SFEED 3 3
ATy 137 x 10 1.43 x 10
REFRIGERATION CAPACITY (W) 300 ot 377K 280~ 300 ot 3.6°K
NEUTHAL BEAM POWER THIOUGH
THE INJECTION PORT (MW 143 3| 1es 44 0.72 c.73

11 Beom divergence of Q.4 Sec neutral beom measured ot the focdl poit 8m gpar! !rom the lon source.
21 Estropolotion by the dalg of 75 kY beam divergence

31 Measured by !he mognetic mass danalyzer,

4) Meosured by Yhe doppier shilt spectromaler o! the beom curren! ol 60 A



JAERI-M 83-09%

=6 A FVvESHE~NOBAN
HEAT FLUXtwre sy
PLASMA ANODE AREA : Pr 16.5
PARTICLE FLOATING AREA : & 7.94
NEUTRAL WALL COLLISION : P; 3.5
PARTICLE  |RADIATION P, 3.0
FILAMENTS [RADIATICN B 3.0
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75 kV, 70 A, 10 SEC OPERATION

FEBRUARY 782
MAGNETIC FIELD OF BENDING MAGNET

. _
FILAMENT VOLTAGE I  (10V/div)

FILAMENT CURRENT I { 1004/div)
L
FILAMENT VOLTAGE II ~ (10V/div)

FILAMENT CURRENT II (100A/div)

*) Cable drop of 0.9V is included.

*x
ARC VOLTAGE I (50V/div)

ARC CURRENT I (250A/div)

ARC VOLTAGE IT ** (50V/div)

ARC CURRENT II (2504/div)

*#) Potential drops by cable resis=
tance and arc limiting resitance
of 18V are included.

ACCELERATION VOLTAGE (20kV/div)

GRADIENT GRID VOLATGE (20kxV/div)

SUPPRESSCR GRID VOLTAGE (2.5kV/div)

ACCELERATION CURRENT (204/div)

GRADIENT GRID CURRENT (1A/div)

SUPPRESSOR GRID CURKENT (5a/div)

29 75keV, TOA, 10sec 4+ Y E— LD
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