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Abstract : There is a worldwide understanding that hydrogen has a great potential as the fuel of the future. In addition to the
challenge of developing appropriate hydrogen propulsion systems, however, the development of hydrogen storage systems is
another big issue. The stored liquid hydrogen must be kept at a temperature of about 20 K. As such, the space between the outer
jacket and the inner tank is mainly used for thermal insulation. The permanent heat input during the time when the vehicle is not
used leads to pressure and temperature increases in the hydrogen fuel. This study thus focused on the development of a
three-dimensional CFD model of liquefied hydrogen storage systems in view of boil-off management for controlled evaporation,
pressurization in ullage, the flow characteristics of liquid and vapor, thermal stratification, and the evaporation characteristics on
the free surface. Two-phase CFD-compressible VOF models with a Ranz-Marshall interfacial model using a customized in-house
version of AVL, Fire®, for liquid hydrogen tank self-pressurization and pressure control were used to show the impact of
interfacial and vapor phase turbulence on the evolution of the pressure and temperature in cryogenic storage tanks. The results
show that the present CFD model has good adaptability in the prediction of pressurization behaviors, and is a useful tool for the
design and optimization of a pressurization system.

Key words : Liquified hydrogen tank( )3} =48 1), Cryogenics(*d-53 &), CFD(ZH 299 &, VOF(Volume of Fluid, -
2| A2 ), Free surface( A3 W), Boil-off gas(BOG: 527 }22), Evaporation(5-2F)

Nomenclature H : height of tank
o P : pressure
D : diffusivity ]
o . t : tume
g : gravitational acceleration L
. X : position 1n space
h : heat transfer coefficient ) ) .
.. y+ : dimensionless normal distance from wall
k : conductivity ]
_ p : density
e : wall normal fluctuations . .
: VISCOSIty
D : diameter of tank or diffusivity . S
v : kinematic viscosity
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dp2 - 24

Cp : specific heat

X : species mass fraction

\ : gradient

Ra : rayleigh number

Subscripts

air : air

eff : effective

g : gas

i : coordinate

L : liquid

s : surface

sat : saturation

% : vapour

0 : reference
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Table 1 Details of boundary conditions

Location Conditions Details
Sidewalls
. =0
(Internal) Noslip Y
Sidewalls Uniform wall heat flux 0T
(Outside) (qw=50, 150, 250 W/m?) on v
T Bott . . oT
op & Bottom Adiabatic —k—=0
surfaces on




Development of the Three-dimensional Numerical Model for Predicting Thermal Physical Performance in Liquefied Hydrogen Tank for Hydrogen Fueled Vehicle

Table 2 Details of numerical control parameters

Parameter & Egs. Values
Momentum 0.1
Und Turbulence 0.2
relarjiazon Energy 06
Scalar 0.8
Pressure 0.05
Convergence Momentum 0.0005
- Criteria Energy 5%x107
(Residual Scalar(VOF) 0.0001
limit) Pressure 0.0001
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Fig. 3 Prediction for evolution of pressure for the self-pressurization
of the 50 % filled tank subjected to various sidewall heat
flux: comparison of predictions against”
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(a) (b)
Fig. 5 Temperature(K) contours for three different heat fluxes after
100's : (a) 50, (b) 150, (c) 250 W/m®
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Fig. 6 Streamlines for three different heat fluxes after 100 s : (a)
50, (b) 150, (c) 250 W/m®
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