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Fig. 1. (color online) Schematic of experimental appa-
ratus: (a) Experimental apparatus; (b) experimental

system; (c) computational grid.
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Fig. 2. (color online) Comparison of numerical results

with experimental data.
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Fig. 3. (color online) Schematic of cyogenic target sys-

tem: (a) Schematic of the hohlraum; (b) capsule.
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Fig. 4. (color online) Temperature distribution in different helium pressure inside the hohlraum: (a) 10 kPa;

(b) 50 kPa; (c) 100 kPa.
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Table 1. Thermal properties of helium with different pressures.

p/kPa p/kgm™3 \/W-m~ 1K~ ¢,/Jkg™ K™ p/kgm—1.s™1

10 0.247 0.0257 5199 3.49 x 10~
20 0.494 0.0257 5205 3.49 x 10~
30 0.741 0.0257 5211 3.49 x 1076
40 0.988 0.0257 5217 3.50 x 10~
50 1.235 0.0257 5223 3.50 x 106
100 2.471 0.0258 5253 3.52 x 1076
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Fig. 7. (color online) Temperature distribution for differentfillinggases inside the hohlraum: (a) Ha;

(b) 50%He+50%H?; (c) He.
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Abstract

Fusion power offers the prospect of a safe and clean sustainable energy source, and is of increasing importance for
meeting the world energy demand and curbing COg2 emissions. For an indirect-driven inertial confinement cryogenic
target, the D-T ice layer inside the capsule should have a uniformity more than 99% and an inner surface roughness less
than a root mean square value of 1 pm to avoid Rayleigh-Taylor instabilities. And this highly smooth ice layer required
for ignition is considered to be affected by the thermal environment around the fuel capsule. In the present study,
a numerical investigation is conducted to examine the static and dynamic characteristics of the thermal environment
outside the fuel capsule. Numerical model is proposed and verified by a simplified cryogenic target, and the calculated
temperature distribution around the capsule shows to be in good agreement with the experimental data. Based on the
established model, the propagation of periodic disturbance of cooling wall temperature in the hohlraum is investigated,
and the relations between the temperature disturbance on the cooling wall and the temperature distribution around
the capsule surface are obtained. The effects of disturbance amplitude, the disturbance period, and the hohlraum
gas composition on the propagation process are investigated separately. The results indicate that for stable cooling
temperature, the thermal environment around the capsule shows certain dependence on the gas filled in the hohlraum.
The temperature uniformity of the capsule outer surface deteriorates with the increase of fill gas pressure but can be
improved by increasing the He content of the filling gas mixture. At an oscillating cooling temperature, the attenuation
of amplitude is significant when the periodic disturbance propagates from the cooling rings to the hohlraum and to the
capsule surface. For the sine wave form disturbance investigated in the present study, shorter disturbance period results
in larger attenuation of the disturbance amplitude. Higher gas pressure leads to smaller amplitude of average temperature
on the capsule outer surface. The propagation process of cooling temperature disturbance also demonstrates dependence
on the filling gas composition. The higher fraction of Hy in the He-Hs mixture helps to attenuate the disturbance
amplitude and suppress the propagation of the temperature disturbance. However, the temperature uniformity around the
capsule exhibits different characteristics from cooling temperature disturbance. Under the oscillating cooling conditions,
moderate period, lower amplitude, lower pressure and higher fraction of He in the He-Hy mixture help to improve the
temperature uniformity around the capsule. The results are of guiding significance for determining the controlling scheme

in experiment and further design option for the cryogenic target.

Keywords: inertial confinement fusion, temperature fluctuates on capsule surface, temperature unifor-

mity on capsule surface, thermal simulation
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