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Abstract: The basic thermodynamic process of synergistic air-breathing rocket engine (SABRE)
is analyzed with the first law of thermodynamics method. The ideal cycle work and thermal efficiency
expressions in both air-breathing mode and rocket mode were obtained. Furthermore, several charac-
teristic parameters which affect the performance of the ideal thermodynamic cycles were determined.
Results reveal that the pressune ratio of the compressor and cycle temperature ratio are the key pa-
rameters affecting the ideal thermodynamic cycle performance when SABRE core engine in
air-breathing mode works in Brayton cycle, and the decompression ratio in the nozzle and exhaust ve-
locity at nozzle outlet are the important parameters affecting the ideal thermodynamic cycle perfor-
mance when the rocket engine cycle is adopted for SABRE . The helium energy transmission between
all the cycle sub-systems is realized only by heat exchangers in the engine, but has no effects on ideal

cycle work and thermal efficiency of SABRE.
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Fig. 2 p-v charts of ideal thermodynamic cycles for air
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Fig. 3 p—v charts of ideal thermodynamic cycles for helium
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Fig. 4 p—v charts of ideal thermodynamic cycle for hydrogen
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Fig. 5 p-v charts of ideal thermodynamic cycles for oxygen
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Fig. 6 p—v charts of modified ideal thermodynamic cycle for

SABRE core engine in air-breathing mode
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SABRE in rocket mode
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