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Issues of Reusable Liquid Oxygen/Methane Rocket Engines
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Abstract: In response to the urgent demand for high-performance reusable rocket engines in
future space transportation, this paper systematically reviews the development progress of liquid
oxygen (LOX) /methane rocket engines. Through literature investigation and comparative
analysis, the current research status of key technologies —including advanced materials, additive
manufacturing and lightweight design, deep thrust throttling control, and health monitoring —is
summarized both domestically and internationally. Based on an analysis of the current technological
landscape, the fundamental scientific and technical challenges constraining engine performance and
reliability are identified. These core issues include supercritical heat transfer deterioration, multi-
parameter strongly nonlinear coupled dynamics, excitation and active control of thermo-acoustic

oscillations, thermal-mechanical-chemical multi-field coupling failure mechanisms, and reliable
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life assessment under small-sample data conditions. The study reveals that there remains a gap in

domestic system integration optimization,

advanced full flow staged combustion,

and long-life

validation. Future efforts should shift the design philosophy from the traditional conservative

safety margin to precision light-weighting and high performance, and establish a full life-cycle

validation system. This investigation aims to provide a reference for the future engineering

development of reusable LOX/methane rocket engines.
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Tab.1 Comprehensive performance comparison table of mainstream liquid oxygen/methane engines
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Fig. 3 Fault diagnosis and health monitoring system for liquid rocket engines
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