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A Numerical Investigation of Hydrogen Absorption
Reaction Based on ZrCo for Tritium Storage (I)
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Abstract >> In this paper, a three-dimensional hydrogen absorption model is applied to a thin double-layered
annulus ZrCo hydride bed and validated against the temperature evolution data measured by Kang et al.” The
present model reasonably captures the bed temperature evolution behavior and the 99% hydrogen charging time.
The equilibrium pressure expression for hydrogen absorption on ZrCo is derived as a function of temperature and
the H/M atomic ratio based on the pressure-composition isotherm data given by Konishi et al.” In addition, this
present model provides multi-dimensional contours such as temperature and H/M atomic ratio in the thin double-
layered annulus metal hydride region. This numerical study provides fundamental understanding during hydrogen
absorption process and indicates that efficient design of the metal hydride bed is critical to achieve rapid hydrogen
charging performance. The present three-dimensional hydrogen absorption model is a useful tool for the optimization
of bed design and operating conditions.

Key words : ZrCo metal hydride(X| 2 Z 5 I U E F&4435H), Hydrogen absorption(5=4~5-7%}), Heat transfer
(&A1), Hhydrogen storage(5=2~#]%}), Numerical simulation(4=2]A| & o] 4)

Nomenclature : entropy change, J-(kg-K)'l
: heat transfer coefficient, W-(mz-K)'l
C : rate constant, s : permeability, m’
cp : specific heat, J (kg K)"! - thermal conductivity, W+(m-K)"
E : activation energy, J-(mol)" : molecular weight, kg-mol”

: pressure, Pa

: universal gas constant, 8.314 J -(mol-K)'l
: time, S

: temperature, K

H/M: hydrogen to metal atomic ratio
AH : reaction heat of formation, J -(kg)'1
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Greek letters
2
: dynamic viscosity, kg-(m-s)
3
Superscripts

: shear stress, N-m

. porosity
. effective value

: density, kg-m

: gas phase
: solid phase
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Table 1 Source terms and effectiveness values in each
conservation equations
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Table 2 Thermal properties of the ZrCo and ZrCo hydride
and initial/boundary conditions for hydrogen absorption

Description Value
Rate constant, C 0.03 st
Activation energy, E 13000 | J-mol”
Specific heat of hydrogen gas, C%, 14.890 | kJ(mol -K)"
Specific heat of the metal, C°, 0.508 |kJ(mol -K)"
Thermal conductivity of hydrogen gas, k*| 0.167 W(m-K)"
Thermal conductivity of the metal, k* 0.139 | Wm-K)"
Porosity of the metal, & 0.629
Permeability of the metal, K 10® '’
Heat transfer coefficient, h 1652 W(mz-K)'1
Hydrogen-free metal density, p'emp 7620 | kg m”
Saturated metal density, p’w 77127| kg m®
Initial temperature 25 [
Inlet/Outlet pressure 1 bar
Coolant temperature, T (absorption) 25 T
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A\ Measured by Konish et al. [2] : 523K
O Measured by Konish et al. [2]: 473K
O Measured by Konish et al. [2] : 433K
5 | —— Calcuatedby Eq. (1) : 523K

—— Calculated by Eq. (13) : 473K
—— Calculated by Eq. (13) : 433K A
—— Calculated by Eq. (13) : 373K A o
—— Calculated by Eq. (13) : 363K
| —— Calculated by Eq. (13) : 353K
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Fig. 1 Equilibrium pressure as a function of the H/M atomic

ratio and temperature for hydrogen absorption on ZrCo:
symbols measured by Konish et al.? and solid lines calculated

by Eq. (13)
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Table 3 Coefficients for calculating the equilibrium pressure at absorption process
Absorption
a0 aj %) a3 s as a6 az ag ag
-242.095 3728.572 -16673.0 41866.56 -65004.3 65867.29 -44522.4 19703.34 -5217.13 627.6235
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Fig. 2 Mesh configurations of the thin double-layer annulus
hydrogen vessel
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Fig. 3 Comparison of the bed temperature evolution curves
measured by Kang et al." and calculated by the present
model.
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Table 4 Coefficients for calculating the vessel pressure in equation (14)
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Fig. 4 Average H/M atomic ratio evolution profile during
hydrogen absorption process in the thin double-layered annulus
bed
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Fig. 5 3D bed temperature contours of the thin double-
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fractional distances (0.1, 0.5, and 0.9) from the hydrogen
inlet at 1 s, 10 s, 50 s, 100 s, 400 s, and 800 s
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Fig. 6 3D H/M atomic ratio contours of the thin double-
layered annulus bed and the cross-section views at three
fractional distances (0.1, 0.5, and 0.9) from the hydrogen
inlet at 1 s, 10 s, 50 s, 100 s, 400 s, and 800 s
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