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Abstract: To address the issue of deviation from the design value of the working fluid mixture
ratio due to leakage or uneven charging during the operation of a space gas-cooled reactor coupled
with a helium-xenon Brayton cycle system, which in turn affects the safety and stability of the
system, this study establishes a dynamic model of the space gas-cooled reactor-coupled helium-
xenon Brayton cycle system based on the Simulink platform. This model includes the reactor
core, turbine, compressor, regenerator, cooler, and radiator. By setting different molar masses
of the helium-xenon mixed working fluid (50 = 5) g/mol, the model simulates the dynamic
response characteristics of key parameters of the cycle system under external reactive step
disturbances. The results show that when the working fluid’s molar mass deviates to 45 g/mol,
the system’s cycle efficiency decreases by 1.4 %, the average convective heat transfer coefficient
within the reactor increases by 12. 9%, and the system’s response time is shortened by 6. 8%

compared to the designed mixture ratio under reactive steps. Conversely, when the working

ke B . 2025-01-12, TEZE A X1 2002, B B4 e Af e GRAS/EE) 3B, 88 4 R, I 4 T
H. J#5%E RS R 5B H .
W &% HY BCE [] . 2025-04-09 W 2% AR B AL . https: // link. enki. net/urlid/61. 1069. T. 20250409, 1444, 004



509

XU 45 ST/ AR A Lo 1 X A 7 A PR AR S Bl 25 R B R 0 3 221

fluid’s molar mass deviates to 55 g/mol, the cycle efficiency increases by 0. 78% , the average

convective heat transfer coefficient within the reactor decreases by 16. 8%, and the system’s

response time is extended by 4. 9%. The findings can provide references for the safe operation

and control strategies of space nuclear power systems.
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Fig. 2 Simulink block diagram of space gas cooled reactor coupled helium-xenon Brayton cycle system
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Table 2 Variation amplitude of space gas cooled reactor core

power under different mixing ratio

T3 BE IR SIARBLERT WE(EDI%/ MR
/(g mol ') MINFE/W kW W B/ %%
45.0 438. 3 477, 2 8.9
47.5 414, 2 451.9 9.1
50.0 389.2 425.5 9.3
52.5 374.3 409. 9 9.5
55.0 357.6 392.2 9.7
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Fig. 11 Space gas cooled reactor fuel pellet maximum

temperature
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Table 3 Maximum temperature variation amplitude of fuel

pellet under different mixing ratio

TR IR FIARBLERT WA WEfH A
i /(g mol ') WIRE/K K e B2/ %
45.0 1231.478 1 258,137 2.165
47.5 1230.698 1257.575 2.206
50.0 1229. 867 1256.992 2.235
52.5 1229. 366 1 256. 648 2.219
55.0 1228.786 1 256. 251 2.235
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Fig. 12 Core pressure loss of space gas cooled reactor
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Fig. 13 Temperature of working medium at the outlet

of space gas cooled reactor
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Fig. 14 Turbine pressure parameters changes of reactivity

introduction
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Fig. 15 Mass flow of working medium in space reactor
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Table 4 Variation amplitude of mass flow under different

gas mixing ratio

JBE IR Jo i/ i/ (kg s B
. - AL BE / %
(g+mol ") HBIAKEKAT EHEEE
45.0 3.110 3. 090 —0.65
47.5 3.095 3.076 —0.63
50.0 3.079 3. 060 —0. 60
52.5 3. 069 3.051 —0.58
55.0 3.058 3. 041 —0. 54
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Fig. 18 Compressor pressure parameters changes of reactivity

introduction
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changes of reactivity introduction
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