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Influence of Residual Fuel Ice in Micro Gas Filling Tube on

the Temperature Control of ICF Cryogenic Target

LI Cui, ZHAO Xiaodi, LI Li, HU Menghua, LI Yanzhong, CHEN Xun

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The fuel capsule of cryogenic ICF target is generally filled through a micro tube. In or-
der to generate the required smooth and uniform low-temperature layers, the capsule needs to be
cooled and heated repeatedly with a residue of fuel ice in the gas filling tube until the crystal seed
is formed and grows to a single-crystal layer. Based on Boussinesq assumption and the discrete
coordinate radiation model, a three-dimensional simulation model is established to investigate the
influence of the gas filling tube residual ice on the temperature control of fuel capsule, in detail,
the influence of the length of the gas filling tube residual ice on the capsule temperature
uniformity and stability in the standard steady-state, shimming heating and rapid cooling proces-
ses. Results show that in the standard steady-state process, the maximum temperature difference
on the capsule surface lowers and then rises with the increase of the gas filling tube residual ice
length, and when the ice end is flush to the outer surface of the capsule (optimal ice length of
0.09 mm), the maximum temperature difference reaches the lowest level, lowered by 31.5%
compared with the none ice residue condition. During the transient process of shimming heating,

the maximum temperature difference on the capsule surface rises and then lowers with time, fi-

Wehs B . 2021-11-09,  AEHM A FER Q82— , . @&, LA M, XE&ETWH. BXRARBEEERHTH
(52176021 5 it AR il 4k 2 790 B AR ) 5 H i 52 30 = FF A R8T 9% Bl 9t B (SKL'TSCP202012) .
2 R B[R] . 2022-03-11 W 2% Wy I HhE . http: // kns. enki. net/kems/detail/61. 1069. T. 20220310. 1534. 002. html



5 6 30

ZRAR AR O U AR B RRE VROR v VR B 4 3 o R 5 A 43 51

nally staying stable, and the capsule temperature uniformity is less deteriorated when the ice

length in the gas filling tube is shorter than or equal to 0. 09 mm. Moreover, the capsule with an

ice length of 0. 09 mm maintains the best temperature stability (during cooling) and uniformity

(at the end of cooling) when it is linearly cooled at a rate of 6 K/min, thus ensuring relatively

good temperature control performance.

Keywords: gas filling tube; residual fuel ice; cryogenic target; temperature control; uniformity
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Fig. 1 Schematic of cryogenic target
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Fig. 3 Temperature contours of cryogenic target
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Fig. 5 Relative temperature distribution of gas filling tube
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Fig. 12 Temperature change during cooling process
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