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Study on transmission efficiency of 7 MW neutral beam injector for HL-3 tokamak
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Abstract  [Background] Neutral beam injection heating is a very effective auxiliary heating method in magnetic
confinement fusion experiment. The built 5 MW neutral beam injection plays an important role in the H-mode
operation with 1 MA plasma current of HL-3 tokamak. In order to achieve the H-mode operation with 2.5 MA, three
neutral beam injection heating systems will be constructed with a total heating power of 20 MW. [Purpose] This
study aims to investigate the transmission efficiency of 7 MW neutral beam injector designed for HL-3 tokamak.
[Methods| The beam transmission efficiency was studied from two aspects of neutralization efficiency and power
deposition. The initial target thickness of the neutralizer under two beam parameters was analyzed based on Monte
Carlo method. The optimal neutralization efficiency was achieved by adding neutralizer gas supply, and the target
thickness required for the optimal neutralization efficiency was given. Finally, power deposition method was
employed to analyze the transmission performance of the two neutral beams with different parameters at different
beam divergence angles. [Results] The results show that the optimal neutralizer efficiency is achieved when the
neutralizer gas supply is 0.6 Pa-m’-s™' and 1.1 Pa-m’-s™', respectively. The neutral beam power obtained under two

beam parameters with a divergence angle of 1.2° is 7.2 MW and 6.8 MW, respectively, and the corresponding
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transmission efficiency is 0.4 and 0.35, respectively. [Conclusions] The new neutral beam injector of HL-3 tokamak

will be built according to the design of this study, with optimized parameter of 100 kV/45 A, while still retaining the

ability to deliver a 120 keV deuterium beam.
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100 kV 120kV

5 A AR 1.1 1.0
Ion source flow / Pa-m’+s™
WG AL )T 5.7x10°  5.1x10"
Initial target thickness / m™
HIga L R 53.5 43.1
Initial neutralization efficiency / %
CAEX RS S 0.6 1.1
Neutralizer flow / Pa*m’+s™
rp 4k 32 S #E JE Target thickness 2.7x10"  4.9x10"
form by neutralizer flow / m™
RAERARL)R 8.4x10°  1.0x10”
Optimal target thickness / m™
EEL e A IES 57.8 50.5

Optimal neutralization efficiency / %
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Table 2 Components ratio and reionization loss ratio

100 kV/45 A 120 kV/40 A

B b E L WAL NE PR HEE R BB P R AR a4

Fraction of component Reionization of component Ratio  Fraction of Reionization of component Ratio

/% /% /% component / % /% /%
D'(E) 594 4.9 2.9 55.9 54 3.0
Do(g) 25.5 4.6 1.2 27.6 5.1 1.4
DU(% 12.8 3.5 0.4 14.9 4.5 0.7
D3 (E) 0.5 4.6 0.02 03 4.0 0.01

2FE

D( T) 1.8 6.8 0.1 1.3 6.5 0.08
H1t Total 4.6 5.2
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