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Thermodynamic Parameter Analysis and Optimization of the
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Abstract: In the context of the rapid development of deep space exploration, the space nuclear Brayton system has become
one of the sought-after schemes for deep space exploration because of its high energy density, strong environmental
adaptability, and high efficiency. The space power conversion system should reconcile the system efficiency and
lightweight, which is different from the terrestrial power station, and the key parameters of the system have an important
influence on the efficiency and quality. Therefore, the analysis and optimization of thermodynamic parameters are of great
significance to the design of the space nuclear Brayton cycle system. The mathematical model of the space Brayton cycle
and the calculation methods of the component quality were established in this paper. The influence of compressor inlet
temperature, compressor pressure ratio, and turbine inlet temperature on the system performance was investigated with
specific mass as the performance optimization objective, and the orthogonal experiment method was adopted for the
optimization analysis. The results showed that: optimal values existed for both compressor inlet temperature and
compressor pressure ratio to minimize the specific mass; the increase of turbine inlet temperature was conducive to
simultaneously improving the electrical efficiency of the system and reducing the system quality. The optimal value of
turbine inlet temperature was 1500 K; the optimal value range of the compressor inlet temperature was 416-508 K; the
optimal value range of the compressor pressure ratio was 2.4-3.1.
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Fig. 1 Schematic diagram of the space nuclear Brayton cycle
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Fig. 2 T-S diagram of the Brayton cycle
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Table 1 Parameter configuration related to the mass
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Fig. 3 Variation of the component weight and electrical
efficiency at different inlet temperatures of the compressor
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Fig. 5 Overall performance of the system at different inlet
temperatures of the compressor
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efficiency at different inlet temperatures of the turbine
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Fig. 8 Overall performance of the system at different pressure
ratio of the compressor

( ) UESMUELL L7, ,=27.13%)

RAHCE
AL
T TR

1.2 174 176 158 250 252 274 256 258 350 3?2
JEAHUE L
E9 FRRKEHEMMIIMEESHUELAIZL
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Table 2 Factors and levels of the orthogonal experiment

IKF
ESES
A 1 2 3 4 5

nrl % 0.79 0.83 0.87 0.91 0.95
ncl % 0.79 0.83 0.87 0.91 0.95
ol % 0.81 0.85 0.89 0.93 0.97

BETR 2RZFKFER, &it7 25 MR, 7
LR EFFRRAIZSEUNL, MHERIE 3.
M 3 AILEHRE LR FTRAARRHOIERES
FNREBRGRE ERR 1500 K, &8 EXXHHT, 126
B R e IMsEE R T — PR ERE
B, NIRSRFRIMERE. ARIR FESHE
MEENRMEZTERE, SREEN 416K,
EREmE/ 508 K, ESHUECHIRETEE 2.4
~3.1, HHERIREIHIREAES 12.04 kgkw,
B/MEJ9 5.60 kg/kW, EAREIR FROMMHER
MEIRRFMURITEE—ESEE N

Table 3 The design conditions of orthogonal experiment and optimization results

s BUHTR thesm
T % gl % al % SRISHIIRE K EEAHATERE /K ESHUEL RENE % ROURE /t REER/ (kgkw)
1 0.81 0.79 0.79 1500 420 2.5 19.97 12.26 12.04
2 0.81 0.83 0.83 1500 444 2.6 22.49 10.35 9.02
3 0.81 0.87 0.87 1500 468 2.8 24.67 8.81 7.01
4 081 0.91 0.91 1500 488 2.9 27.32 7.80 5.60
5 0.81 0.95 0.95 1500 508 3.1 29.56 6.93 459
6 0.85 0.79 0.83 1500 432 2.6 22.17 11.53 10.19
7 0.85 0.83 0.87 1500 456 2.7 2457 9.81 7.82
8 0.85 0.87 0.91 1500 482 2.8 26.67 8.43 6.20
9 0.85 0.91 0.95 1500 498 3.0 29.19 7.51 5.04
10 0.85 0.95 0.79 1500 462 2.5 25.39 9.33 7.21
11 0.89 0.79 0.87 1500 448 2.6 24.27 10.92 8.82
12 0.89 0.83 0.91 1500 464 2.8 26.92 9.50 6.92
13 0.89 0.87 0.95 1500 488 2.9 28.99 8.27 5.59
14 089 0.91 0.79 1500 452 2.4 25.59 10.43 7.99
15 0.89 0.95 0.83 1500 474 2.6 27.50 8.89 6.34
16 0.93 0.79 0.91 1500 448 2.7 27.61 11.09 7.88
17 0.93 0.83 0.95 1500 474 2.8 29.39 9.46 6.31
18 0.93 0.87 0.79 1500 436 2.4 26.21 12.05 9.01
19 093 0.91 0.83 1500 464 2.5 27.84 10.08 7.10
20 093 0.95 0.87 1500 482 2.6 30.31 8.90 5.76
21 097 0.79 0.95 1500 446 2.9 30.66 12.04 7.70
22 097 0.83 0.79 1500 416 2.4 27.61 15.32 10.88
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23 097 087 083 1500 440 25 29.45 12.86 8.56
24 097 091 087 1500 456 2.7 31.40 11.11 6.94
25 097 095 091 1500 474 2.8 33,51 9.84 5.76
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