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Abstract — Storing hydrogen in solid state hydride is one of the best promising methods for the future hydrogen econ-
omy. The total performance of such systems depends on the rate at which the amount of mass and heat migration is sup-
plied to solid hydride. Therefore, an accurate modeling of the heat and mass transfer is of prime importance in
optimizing the design of such systems. In this work, Hydrogen storage in Pt-CNTs hydrogen reactor has been inten-
sively investigated by solving 2 dimensional mathematical models. Using a CFD computer software, systematic studies
have been performed to elucidate the effect of heat and mass transfer during hydrogen charging periods. It was revealed
that the optimized design of hydrogen storage vessel can prevent the increase of system temperature and the charging
time due to the convective cooling effects inside the vessels at even high charging pressure. Because none has reported
the critical issues of heat and mass transfer for CNT based hydrogen storage system, this work can support the first
insight of the optimal design for solid state hydrogen storage system based on CNT in the near future.
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Fig. 1. Schematic diagram and grid generation for numerical simu-
lation of Pt-CNTs based hydrogen storage system.
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Fig. 2. Comparison of calculated and experimental hydrogen adsorp-
tion isotherm.
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Table 1. Parameter values used in this work

Thickness of the hydrogen storage vessel 5.75x107m
Porosity of the baced bed(e) 0.4

Particle density 9.6x107kg/m’
Density of the hydrogen storage vessel 7930 kg/m?
Density of the packed bed 4.6x10% kg/m?
ka, 2.98x107%s7!
Thermal conducitivity of the hydrogen storage vessel 16.03 W/m-K
Specific heat capacity of Pt-CNTs 7.039x107 J/kg'K
Specific heat capacity of hydrogen 14.42x10° J/kg'K

Specific heat capacity of the hydrogen storage vessel 5.02x10? J/kg'K

Hydrogen adsorption heat(AH) 3.3x103 J/mol

F : Radke-Prausnitz isotherm constant 70.88
n : Radke-Prausnitz isotherm constant -0.2
K, : Radke-Prausnitz isotherm constant 199.47

B : Radke-Prausnitz isotherm constant -1.0x107
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Fig. 3. Hydrogen flow field as a function of charging time at 10 bar.
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Fig. 4. Pressure distribution of hydrogen storage system as a func-
tion of charging time at 10 bar.
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Fig. 6. Hydrogen flow field as a function of charging time at 100 bar.
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Fig. 7. Pressure distribution of hydrogen storage system as a func-
tion of charging time at 100 bar.
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v : Velcocity vector[ms™]

S,, :Souce term to represent hydrogen mass absorbed[kg-m—s7!]
D, : Self-diffusivity(Self-diffusion)[m?s!]

M : Molecular weight[kg:m™]

P : Gas pressure[N-m~2]

: Velocity components in the i(r, 0, z) direction[m-s™']

g : Gravity vector[m-s™]
Fp  : Frictional loss in the packed bed[kg: ‘m s
K : Gas permeability
C, :Specific heat[Jkg'K™']
: Temperature[K]
h,,  : Heat exchange coefficient between solid and gas[W-m—>K™]
Sy : Source term to represent hydrogen absorption heat[W-m™]

AH  : Hydrogen adsorption enthalphy[J-kg™']

: Hydrogen moles absorbed[mol]

: Spatial coordinate

: Amount of hydrogen absorbed in the equilibrium pressure[mol]
: Mass transfer coefficientm s

: Specific surface area[m?]

Je2lo|A =X}

€ : Porosity

p : Density[kg'm~]

n : Viscosity[s.cm™'s™!]

Aoy Effective thermal conductivity[ W-m™'K™']
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