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Gas composition analysis of helium-xenon Brayton cycle

based on operating status
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Abstract Gas composition maintenance of helium-xenon mixture is the basis for the long-term stable op-
eration of the helium-xenon brayton energy conversion system. However, composition of the helium-xenon
gas in the system may change because of working gas leakage or adjustment of filling amount, and then
system operation status is affected. Through the dynamic simulation of the helium-xenon brayton system,
the difference of the system operation status was obtained with the condition of the gas composition chan-
ging. When the gas composition changes, the common working line of the system will shift, especially
when the gas molar mass becomes smaller, the common working line will shift to compressor surge line;
and when the full power output is reached, the surge margin of the compressor will be smaller and higher
inlet temperature of turbine and recuperator is required, which is not conducive to the stable operation of
the system. Based on the system simulation results, this paper proposed a calculation method of helium-
xenon gas composition with load rate and flow rate as variables at rated speed and put forward a new idea

for monitoring and adjusting the change of working fluid composition in helium-xenon Brayton cycle. In
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this method, accurate measurement of flow rate is an important guarantee to improve the precision of com-

ponent analysis.
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Fig.1 Dynamic simulation model of closed Brayton cycle
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Fig.2 Calculation process
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Fig.4 Comparison of loading processes with different working fluid
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Tab.1 Compressor surge margin and turbine temperature during loading process with different working fluids
RARIE R B FEAHUmARAE B %o A PR B
(g mol™") a6 (0 f i) TNz 5E (100 %k ) (100 %) /K
30 13.5 9.2 1142
40 17.3 11.0 1189
50 19.5 10.9 1 246
60 21. 1 7.5 1 306
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Fig.5 The inlet temperature of the hot side of the

regenerator with different gas components under

different load rates
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Tab.2 System flow rate and pressure ratio with different components of working fluid and load rates ( relative value)

30 g/mol 40 g/mol 50 &/mol 60 g/mol
TG/ %
Ui b Hli=a He b i HE T H b
0 0.990 7 0032 10154  0.9954  1.0296  0.9907  1.0396 0.987 5
20 0.986 8 0046  1.0096  0.9972  1.0218  0.9931  1.0296 0.990 7
40 0.9825 0060  1.0032  0.9995  1.0136  0.9963  1.0182 0.994 4
60 0.976 1 0079  0.9936  1.0028  1.0004  1.0005  1.0029 1.000 0
80 0.968 9 0102 0.9832  1.0060 0.9879  1.0046  0.9875 1.004 6
100 0.961 4 0116 0.9739  1.0093  0.9746  1.0088  0.970 4 1.010 2
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Tab.3 Parameter values in the fitting formula(1)

L a b c d e f g h i
[0,60) -1.5024 1.7345 0.654 3 0.1886 -0.0436 -0.3324 0.3621 40.1153 0.046 0
[60,100] 7.5228 11.5096 -10.5897  21.199 8 0.0996 -0.6262 0.5759 -36.0457 83.1555
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Tab.4 Molar mass calculation results of helium xenon mixture

UIREES itk My, x. TR xR % | ffrs i My, x. TRME xR %

0 0.990 7 30 30. 20 0. 65 0.6 0.976 1 30 29.72 -0.94

0 1.015 4 40 40. 27 0. 68 0.6 0.993 6 40 39.33 -1.67

0 1.029 6 50 49. 84 -0.33 0.6 1.000 4 50 51.39 2.78

0 1.039 6 60 59. 85 -0.25 0.6 1.002 9 60 59.22 -1.30
0.2 0.986 8 30 29.90 -0.34 0.8 0.968 9 30 32.06 6. 85
0.2 1.009 6 40 39. 98 -0.05 0.8 0.983 2 40 38.93 -2.66
0.2 1.021 8 50 49. 94 -0.13 0.8 0.987 9 50 49.75 -0.51
0.2 1.029 6 60 60. 09 0.15 0.8 0.987 5 60 59.93 -0.11
0.4 0.982 5 30 29.73 -0.90 1.0 0.961 4 30 30. 33 1.09
0.4 1.003 2 40 39.42 -1.46 1.0 0.973 9 40 38.39 -4.01
0.4 1.013 6 50 50. 77 1.54 1.0 0.974 6 50 51.54 3.08
0.4 1.018 2 60 59. 82 -0.31 1.0 0.970 4 60 59.35 -1.08
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