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Investigation on unsteady characteristics of flow and heat

transfer in cryogenic precooling pipe

CHENG Xianghua' ,XUE Huijian', LI Honggang', LI Yanzhong®"’
(1. Xi’an Aerospace Propulsion Test Technology Institute, Xi’an 710100, China;
2. School of Energy and Power Engineering, Xi’ an Jiaotong University, Xi’an 710049, China;
3. State Key Laboratory of Technologies in Space Cryogenic Propellant, Beijing 100028, China)

Abstract; The circulation precooling of cryogenic liquid rocket engine and pipeline involves
complicate flow regimes transform and heat transfer process, which affects the precooling effect of the
rocket engine and its pipeline distinctly. In order to accurately analyze the flow regimes transform and
heat transfer mechanism in the precooling loop during the filling process of cryogenic medium, a one —
dimensional mathematical model of fluid dynamic and heat transfer in homogeneous equilibrium state was
established. Under the unsteady state, the distribution of fluid parameters in the pipeline of liquid
hydrogen precooling cycle was analyzed by using the discretized method. The heat transfer law and its
influence factors of cryogenic liquid filling were obtained. The numerical results provide a theoretical
basis for studying the precooling performance and optimizing the adiabatic design of pipe.
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Fig. 1 Schematic diagram of natural circulation

precooling loop in cryogenic liquid rocket engine
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Fig. 2 Velocity and mass flux of feeding pipe inlet
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Fig. 3 Variation of void fraction at return pipe outlet
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Fig. 4 Variation of void fraction at each point in

circulation pipe
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Fig. 5 Heat transfer transition during the precooling

process of the characteristic points in feeding pipe
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Fig. 6 Heat transfer transition during the precooling

process of the characteristic points in pump pipe
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