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Abstract — Under the era of energy crisis, hydrogen energy is considered as one of the most potential alternative energies.
Liquid hydrogen has much higher energy density per unit volume than gas hydrogen and is counted as the excellent
energy storage method. In this study, Navier-Stokes equations based on 2-phase model were solved by using a computa-
tional fluid dynamics program and the liquefaction process of gaseous hydrogen passing through a cryogenic cooling tube
was analyzed. The copper with high thermal conductivity was assumed as the material for cryogenic cooling tube. For dif-
ferent inlet velocities of 5 m/s, 10 m/s and 20 m/s for hydrogen gas, the distributions of fluid temperature, axial and radial
velocities, and volume fractions of gas and liquid hydrogens were compared. These research results are expected to be
used as basic data for the future design and fabrication of cryogenic cooling tube to transform the hydrogen gas into lig-
uid hydrogen.

Key words: Hydrogen liquefaction, Gas-to-Liquid phase transformation, Nucleation to liquid droplets, Navier-Stokes
equations, 2-phase model
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Fig. 1. Geometry of cupper cooling tube.
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Fig. 2. Changes of (a) temperature (b) axial velocity (c) radial velocity
as a function of radial distance for various axial distances with
average gas velocity of 20 cm/s at inlet.
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Nomenclature

t : time [s]

P : gas phase reference density [Kg/m?]

: gas volume fraction [dimensionless]

: gas density [Kg/m®]

: gas velocity vector [m/s]

: mass flow rate from liquid to gas phase [Kg/s]
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: mass flow rate from gas to liquid phase [Kg/s]

: stress tensor [Pa]

: gravitational acceleration [m/s’]

: interaction force between gas and liquid phase vector [N]
: interphase velocity from liquid to gas [m/s]

: interphase velocity from gas to liquid [m/s]

: external body force vector [N]

. lift force vector [N]

: wall lubrication force vector [N]
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: virtual mass force vector [N]

: turbulent dispersion force vector [N]

: specific enthalpy [W/g]

: gas velocity [m/s]

: heat flux [W/m?]

: source term [g/cm’-s]

: intensity of heat exchange between liquid and gas phase [W]
: interphase enthalpy from liquid to gas [W/g]

: interphase enthalpy from liquid to gas [W/g]
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