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Transient Temperature Characteristics of Cryogenic Target and
Analysis on Influence of Fixed Thermal Shields

FU Zhiying, LI Cui, LI Li, YIN Shikai, LI Yanzhong
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Abstract: When the cryogenic thermal shield is removed, the fuel ice uniformity of cryogenic tar-
get deteriorates significantly due to the introduction of a large amount of radiant heat from the
ambient environment. For this problem, a three-dimensional model was established for a six-en-
trance cylinder-hohlraum cryogenic target with removable and fixed thermal shields based on the
Boussinesq hypothesis and the discrete coordinate (DO) radiation model in the present study.
The FLUENT software is used for numerical simulation to investigate transient temperature
characteristics of the capsule surface during the thermal shield removal process, and analyze the
influence of the structure and position of the fixed thermal shield on these transient temperature
characteristics. The results show that during the removal of the cryogenic thermal shield, the
temperature of the capsule surface increases rapidly under the combined effect of the external ra-
diation, the convection in the hohlraum and the conduction through the fill tube, while the maxi-

mum temperature difference on the capsule surface first increases rapidly to the peak, then de-
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creases, and finally tends to be stable. The fixed thermal shield structure can effectively prevent

the external high-temperature radiation, reducing the temperature rise in the maximum tempera-

ture on the capsule surface by 39. 5% and improving the uniformity of capsule surface tempera-

ture by 39%. Reducing the size of windows in the upper and lower side walls or increasing the

distances from the walls to the capsule center can further reduce the temperature rise of the maxi-

mum temperature on the capsule surface and suppress the deterioration of temperature uniformi-

ty. The sensitivity of capsule surface temperature to the change in positions of the front upper

and lower side walls of the fixed thermal shield is higher than that of other side walls. The results

are instructive for the capsule surface temperature control during cryogenic thermal shield removal.

Keywords: cryogenic target; transient characteristics; thermal shield; numerical simulation
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Fig. 1 Schematic diagram of cryogenic target model
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Table 1 Size parameters of fixed thermal shield

B T PARE T IR AR AL O T BB/ mm B /mm
R L=4.2~9.2 1. 00

ZEm M=12.4~18.4 1.12

i JE N=13.5~18.5 0.50

k2 EEMAGHBEAKASK)
Table 2 Physical properties of main material(18 K)

R LA FHERH
PR Jkgem?®) /J-kg'-K") /Wem'-K?D
il 9 028 5.160 53 777. 401 00
A 2 330 3.790 00 1.377.000 00
VaE 2 664 43.320 00 0.310 00
IR 1 200 68.140 00 0.032 00
AR 1 5 214. 300 00 0.026 11
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Fig. 3 Grid-independence verification
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Fig. 4 Surface temperature distribution of capsule
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