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Abstract: The solid-air accumulated in liquid hydrogen has certain safety hazards. In order to in-
vestigate the growth evolution and oxygen solute distribution of solid-air dendrite driven by heat-
solute coupling, a non-isothermal quantitative phase field dendrite growth model is established in
this paper, which is applied to study the morphological evolution, growth rate and oxygen solute
distribution of solid-air dendrites under different subcooling degrees and boundary heat flux con-
ditions. The results show that: compared with isothermal simulation, the non-isothermal simula-
tion considering latent heat of solidification can reproduce the growth process of solid-air den-
drites more realistically, and the peak oxygen mass fraction is reduced by 8. 5%—14. 6% com-

pared with isothermal simulation; the growth rate of dendrites and the maximum oxygen mass

Wk B . 2023-01-03,  FEEW A 1996, B A B GEFER . L. 8% . BHAESM.,  XLHH.
HZEBAAREI ST A (51976151) .,
W 2% WY RS TR] . 2023-04-25 [ 2% W Bt ik . kns. enki. net/kems/detail/61. 1069. T. 20230425, 1325. 006. html



558 Ik,

4

o [ 28 A5 T T8 ) A A A A 45 3 R it AR S A UL 5 47

fraction show a positive correlation with the initial subcooling degree, and the maximum oxygen

mass fraction in the solid-liquid interphase zone can reach 0. 401 when the initial subcooling de-

gree is 4 K; the presence of boundary heat flux can significantly change the temperature distribu-

tion in the computational domain and thus affects the growth pattern of solid-air dendrites; heat

input slows down the growth of dendrites, while heat extraction makes the dendrite arms grow

more prosperous and robust, and the solid fraction under heat extraction and heat input condi-

tions are 138% and 69% of those without boundary heat flux, and the maximum oxygen mass

fractions are 146 % and 94% of those without boundary heat flux, respectively. This study im-

proves the understanding of the solid-air dendrite growth behavior in liquid hydrogen and may

provide theoretical guidance for the safe use of liquid hydrogen systems.

Keywords: solid-air dendrite; non-isothermal phase field; morphological evolution; liquid hydrogen
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Fig. 1 Solid-air dendrites under phase field simulations
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Fig. 2 Oxygen concentration distribution along L, and L,

lines under isothermal and non-isothermal simulations
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