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Research on the Two-Phase Flow and Heat Transfer Characteristics of
Cryogenic Pipeline Chill-Down Process

WANG Jiaojiao' , CHEN Hong®, LI Yanzhong'?, WANG Lei', LI Cui'

(1. School of Energy and Power Engineering, Xian Jiaotong University, Xian 710049, China;
2. State Key Laboratory of Technologies in Space Cryogenic Propellants, Beijing 100028, China)

Abstract: To reveal the two-phase flow and heat transfer characteristics during the chill-down
process of cryogenic fluid, a chill-down model was established with the quasi-steady-state
method. In the model, the finite volume method was used to solve the fluid flow and heat transfer
equation in the pipe., and the finite difference method was used to solve the one-dimensional
unsteady heat transfer equation of the pipe wall. The heat transfer between fluid and the wall was
calculated by appropriate heat transfer correlations, and the radiant heat in the pipe was
linearized. The model was validated by the experimental data in literatures, and the results
showed that the error of the model for chill-down time prediction is within 10%. The calculation
results of the unsteady flow pattern and heat transfer characteristics of the chill-down process
indicated that the single-phase gas forced convection and film boiling heat transfer occupy the
most of chill-down process, accounting for about 95% of the total chill-down time and 75% of the
total heat exchange flux. There is an optimal mass flow rate during the chill-down process, which
can shorten the chill-down time and reduce the consumption of propellant.

Keywords: cryogenic propellant; vacuum pipeline; chill-down process; numerical simulation;

two-phase flow
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