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Investigation of propellant utilization system for
staged combustion rocket engine

Zhang Xiaoping, Ding Fengnian, LiuZhanguo, Wang Shuanhu
( Shaanxi Power Machine Design and Research Ingtitute, Xi’ an 710100, China)

Abstract: Launch capability of liquid rocket engine can be improved by propellant utilization
system. Mixture ratio regulation scheme of an oxidizer-rich staged combustion rocket engine is
presented in this paper. The investigation indicates that the best mixture ratio regulation scheme can
be obtained by a mixture ratio regulator driven by an electromotor in the main fuel line for
combustion chamber. This regulation mode can continuously regulate both oxidant and fuel flow rates
with minimum impacts on thrust, impulse and other parameters of the engine. The mixture ratio
regulation range obtained can be £10% at arate over 2% per second.

Key words: liquid rocket engine; staged combustion; propellant utilization system; mixture ratio
regul ator
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Fig.1 Staged combustion engine system
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Fig.2 Operating process of propellant utilization system
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, Fig.3 Thrust curve versus mixture ratio
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Fig.4 Impulse curve versus mixture retio
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Tab.l Impact of mixture ratio regulation on engine parameters
/(%) +10 +5 —5 —10
+0.29 +0.26 —0.57 —131
+0.03 +0.12 —047 —1.28
—0.84 —0.39 +0.28 +0.50
—2.77 —1.40 +1.45 +2.96
+1.06 +0.55 —0.55 —1.09
+291 +1.48 —142 —291
—6.45 —3.35 +3.67 +7.84
+1.79 +0.92 —1.02 —204
/(%) +3.32 +1.69 —181 —3.63
+278 +1.45 —1.71 —3.20
+4.70 +2.39 —231 —4.61
—1.44 —0.79 +0.95 +221
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