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Regenerative SCO, Brayton Cycle and Compressor Design
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Abstract: In order to solve the problem of continuous power supply for power devices such as ships and
aircraft, the supercritical carbon dioxide (SCO,) Brayton cycle was selected as the power source. Using
Aspen plus software to analyze the simple, regenerative, and recompression SCO, Brayton cycles, based
on the thermal efficiency and power of the cycle under design conditions, as well as the weight of the cy-
cle system, the regenerative SCO, Brayton cycle was ultimately selected as the power supply cycle for the
power plant. By analyzing the regenerative cycle, results show that the thermal efficiency and cycle power
of the cycle increase with the increase of compressor and turbine efficiency in the regenerative cycle. The
effect of compressor outlet pressure on cycle thermal efficiency can be approximately linear, while the tur-
bine inlet temperature has almost no effect on cycle thermal efficiency. The effect of heat exchanger tem-
perature on efficiency is greater than that of pressure, and the heat exchanger has almost no effect on cy-
cle power. After determining the operating parameters of the regenerative cycle compressor, Concepts

NREC COMPAL and CFX softwares are used to perform one-dimensional and three-dimensional calcula-
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tions on the compressor of the regenerative cycle, and a single stage centrifugal compressor with an isen-

tropic efficiency of 90.53% is designed.

Key words: SCO,, Brayton cycle, regenerative cycle, centrifugal compressor
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Fig. 1 System diagram of SCO, regenerative cycle
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Tab. 1 Cycle input parameters under design conditions
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Fig. 3 Effect of compressor and turbine efficiency

on thermal efficiency of cycle
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Fig. 6 Effects of compressor outlet pressure and

turbine inlet temperature on generated power

of simple cycle
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Fig. 13 Compressor characteristics
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Tab. 4 Three-dimensional analysis results of 0.2 mm tip clearance
41192 5/ mm ABJES/MPa HIES/MPa  HI/AW SR /K] MR SRR %
0.9 7.861 13.26 11.49 8.092 1.687 70.43
1.1 7.787 13.23 12.57 8.288 1.698 65.93
1.3 7.780 13.69 13.92 8.982 1.76 64.53
1.5 7.804 13.03 12.79 7.939 1.670 62.07
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Fig. 14 Streamlined diagram of 0.2 mm

tip clearance
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Tab. 5 Three-dimensional analysis results of O tip clearance

HH S ADEIAL D RS/ 8T/ Sk b SRR
mm MPa  MPa kW R /%
0.7 7.739 14.11  10.77 9.7511 1.82 90.53
0.9 7.763 14.36  11.27 10.018 1.850 88.89
1.1 7.710 13.55 11.70 9.0672 1.757 177.49
1.3 7.823 13.32  12.31 8.61538 1.703 69.0
1.5 7.795 13.44 12.58 8.5656 1.724 68.0
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