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Abstract: In order to understand the non-ideality of fluid under high—pressure conditions and their effects
on spray process of cryogenic jet, several different real—fluid models were implemented into open source CFD
toolbox OpenFOAM, which was then compiled to form generalized real—fluid thermo—physical model libraries. In
addition, the effects of non-linearity of these models were introduced to pressure—corrector algorithm. Thus, a ho-
mogeneous solver which was appropriate to characterize flow of cryogenic fluid at supercritical condition was de-
veloped. Non—ideality of thermo—physical properties under high—pressure conditions and injection of cryogenic
liquid nitrogen jet under supercritical condition were investigated. The results indicated that the effects of real-
fluid characteristics are primarily exhibited in the high—pressure, low—temperature regions, and the model librar-

ies developed in this study could correctly predict thermo—physical properties under any thermodynamic condi-
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tions. The newly developed solver based on these libraries could correctly reveal the flow characteristic and struc-

tures of cryogenic jet under supercritical condition, whereas the ideal gas model would largely underestimate the

density in core region of jet, the error on centerline is up to 68.9%. The PR EoS together with the dependent mod-

els behave relatively superior to other model packages based on the comprehensive comparison of the computa-

tional accuracy and efficiency. The pseudo—boiling phenomenon in local region during trans—critical injection of

cryogenic jet would result in decrease of temperature raising rate and increase of volume expansion rate, and the

compressibility factor in core region of jet is remarkably less than 1, consequently, the real-fluid effects under

high—pressure conditions must be considered during simulation.

Key words: Real—fluid; Thermo—physical properties; Supercritical conditions; Cryogenic jet; Flow

characteristic; Homogeneous solver
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Fig.2 Calculation flowchart of improved Pimple algorithm
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Fig.5 Sub-dictionary of thermo-physical properties in
OpenFOAM case
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Fig. 6 Density of N, versus temperature for different pressure based on different EoS
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