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Abstract Liquid xenon has low temperature, low latent heat of vaporization and high dynamic
viscosity. Due to depressurization or heating, liquid xenon is prone to phase change, forming gas-liquid
two-phase flow in the pipeline and the tank, thus reducing the filling ratio of the tank. Therefore, it is
necessary to understand the influence factors of the filling ratio of the tank during the refueling process.
The zero dimensional lumped parameter model is used to model and simulate the liquid xenon refueling
system. Based on AMESim, the filling ratio of the tank in the process of filling liquid nitrogen with no-
vent filling is calculated, which is close to the previous experimental results. A liquid xenon refueling

system was built based on AMESim, and the filling ratio of the tank was calculated under different inlet
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subcooling, inlet pressure, pipeline diameter, pipeline wall temperature and tank heat flow. Results show

that under the same filling time, increasing the inlet subcooling and the inlet pressure can both improve

the filling ratio of the tank, while heating of the pipeline and tank will reduce the filling ratio of the

tank.
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Table 2 No-vent fill experimental conditions of liquid nitrogen
F9 ATREE/K AHR/ (kgs ) HIRAIELE /K WI4h R / MPa P AR/ L InEEEE /s
1 72.8 0.0597 123.9 0.0248 141.58 1891
2 70.0 0.0809 151.7 0.0269 141.58 1416
3 67.8 0.0847 166.1 0.0310 141.58 1289
4 79.4 0.0537 97.8 0.0338 141.58 1873
5 79.0 0.672 107 0.1 180 184
6 87.9 0.442 110 0.1 180 276
7 81.3 0.190 119 0.1 180 472
8 93.5 0.370 155 0.1 180 311
9 79.1 0.508 123 0.1 180 206
®3 IMHEFERTEESIEENLER
@ Table 3 Comparison of calculated values of the filling
ratio with experimental values
'?"Ih ‘315 Fr SR E/ (%) HE/ (%) /(%)
1 93 96.8 3.8
2 98 96.8 -1.2
3 97 91.2 5.8
4 90 89.4 -0.6
5 90 86.7 -3.3
K2 WATCHNTE R G0 HAR A 6 91.3 90.3 1.0
Fig. 2 No-vent fill system simulation model 7 63.7 63.4 0.3
of liquid nitrogen 8 o1 88.3 27
9 73 73.3 0.3
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Fig. 3 Refueling system simulation model of liquid xenon
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Table 4 Tank filling ratios with different subcooling degrees

AF RV B /K £ /MPa /K Fatt kg PR FEHIR /(%)
0 0.3893 192.5 44.17 0.0111 53.0
1 0.3811 192.0 50.42 0.00796 60.6
2 0.3711 191.4 56.57 0.00562 68.0
3 0.3597 190.7 62.26 0.00390 74.8
4 0.3476 189.9 67.59 0.00260 81.2
5 0.3351 189.0 72.55 0.00162 87.0
6 0.3225 188.1 77.26 0.000843 92.5
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Fig. 4 Diagrams of pressure, temperature, mass and filling ratio of receiving tanks with different subcooling degrees
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Table 5 Tank filling ratios under different inlet pressures
A5 /MPa JEB% /MPa /K it [kg TRE IR/ (%)
0.2 0.1736 175.0 38.27 0.00719 44.1
0.3 0.2649 183.7 52.26 0.00534 61.6
0.4 0.3597 190.7 62.26 0.00390 74.8
0.5 0.4575 196.5 69.90 0.00251 85.5
0.6 0.5577 201.6 75.74 0.00113 94.1
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Fig. 5

Refueling system simulation model of liquid xenon under the condition of pipe wall heating
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Table 6 Tank filling ratios under different wall temperatures
BEIIRE /K JEi% /MPa /K Bt /kg g FHER/ (%)
170 0.1577 173.1 52.95 0.00332 60.9
180 0.2362 181.3 44.45 0.00706 52.0
190 0.3455 189.7 28.50 0.0217 33.6
T T T T
¢ = @ = @ = @ &

[l
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Fig. 6 Refueling system simulation model of liquid xenon under the condition of tank heating
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Table 7 Pressure, temperature, mass and filling ratio of the tank under different heat fluxes

PiE /W JE3#% /MPa, /K Jih kg T FEHIE /(%)
0 0.3893 192.5 44.17 0.0111 53.0
—50 0.3629 190.9 54.90 0.00605 65.9
—100 0.3375 189.2 60.63 0.00412 72.6
-150 0.3131 187.4 64.12 0.00311 76.5
200 0.2897 185.7 66.31 0.00253 78.8
—-250 0.2670 183.9 67.66 0.00216 80.0
-300 0.2450 182.0 68.37 0.00193 80.5
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Fig. 7 Influence of the heat flow ratio on the pressure, temperature, mass and filling ratio of the tank
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Table 8 Tank filling ratios under different heating heat fluxes
W /W JE58 /MPa RE /K Jit kg T FIE /(%)
0 0.3893 192.5 44.17 0.0111 53.0
5 0.3921 192.7 42.65 0.0120 52.1
10 0.3948 192.9 40.98 0.0131 49.1
15 0.3976 193.0 39.10 0.0144 46.8
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