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Abstract The 1.5 tf liquid rocket engine with regenerative cooling is used as the main power of China’s
next-generation manned spacecraft for manned lunar landing, which has the capability of high reliability,
high specific impulse and multiple ignitions. The engine head is an unlike impinging injector with multi-
ple injection units arranged in concentric circles. The combustion chamber is prepared by selective laser
melting technology with layer-by-layer fusion in additive manufacturing, and the nozzle extension is pre-
pared by lightweight C/SiC composite material, both of which are connected by bolts, flanges and flexible

graphite seals. The combined thermal protection mode of regenerative cooling, liquid film cooling and ra-
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diation cooling is used to enhance the cooling effect of the body, and the propellant flow is controlled by

the low flow resistance and double-seal linkage pneumatic solenoid valve. Through joint research on de-

sign and process, key technologies such as high-performance stable combustion and reliable cooling, inte-

grated additive manufacturing of regenerative cooling body, forming and connecting large-size composite

material nozzle have been preliminarily broken through, which have been verified by the ground thermal

test and high-altitude simulation hot-fire test. The engine operates stably, with a large margin for regener-

ative cooling temperature rise. The measured vacuum specific impulse of the engine is 315. 3 s, reaching

the international advanced level under the same system parameters. The main technical indexes meet the

design requirements, laying a solid technical foundation for the subsequent engineering development.
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Fig.1 Schematic diagram of engine structure
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Tab.1 Design parameters of engine
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Fig.2 Image of injector atomization field
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Fig.3 Regeneration cooling body
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Fig.4 Simulation curve of flow distribution at the

exit of body cooling channel
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Fig.5 Liquid flow test of regenerative cooling body
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Fig.6 Preparation process flowchart of regenerative

cooling body with additive manufacturing
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Fig.7 Nozzle extension with ceramic matrix composite
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Fig.9 Variation curve of engine combustion chamber

pressure and maximum coolant outlet temperature
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