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A Numerical Investigation of Hydrogen Desorption Reaction
for Tritium Delivery from Tritium Storage Based on ZrCo
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Abstract >> In this paper, a three-dimensional hydrogen desorption 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 90% hydrogen discharging time.
In addition, the performance of thin double-layered annulus bed is evaluated by comparing with a simple cylindrical
bed using hydrogen desorption model. This study provides multi-dimensional contours such as temperature and
H/M atomic ratio in the metal hydride region. This numerical study provides fundamental understanding during
hydrogen desorption process and indicates that efficient design of the metal hydride bed is critical to achieve rapid
hydrogen discharging performance. The present three-dimensional hydrogen desorption model is a useful tool for
the optimization of bed design and operating conditions.

Key words : ZrCo metal hydride(A 21 5ILE F&44435), Hydrogen desorption(5=427}), Heat transfer
(@A), Hydrogen storage(5=4>#]7%}), Numerical simulation(5=2] A] &g 0]4)

Nomenclature AS : entropy change, J-(kg'K)"
h  : heat transfer coefficient, W-(mz-K)'1

(H/M) : Hydrogen to Metal atomic ratio

C : rate constant, g bil
¢, : specific heat, J-(kg-K)' : permeability, m _
E : activation energy, J+(mol)’ . thermal conductivity, W+(m-K)"

- molecular weight, kg-mol’

: pressure, Pa

- universal gas constant, 8.314 J-(mol-K)"
: time, s

: temperature, K

H/M : hydrogen to metal atomic ratio
AH : reaction heat of formation, J-(kg)"
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: velocity vector, m*s
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Greek letters

2
. shear stress, N-m

T

& @ porosity

@ : dynamic viscosity, kg-(m-s)'l
p : density, kg-m>

Superscripts

g : gas phase
s : solid phase
eff : effective value

Subscripts
d : desorption
emp : empty
eq : equilibrium
h  : heating-
out : outlet
m : mass equation

sat : saturation
ref : reference value

T : energy equation
u  : momentum equation
0 : initial
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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 5 T T T T T T RN
and initial/boundary conditions for hydrogen desorption A
Description Value s 2 d
Rate constant, C4 0.04 s
Activation energy, Eq 13000 J-mol” § 3 i
Specific heat of hydrogen gas, C%, 14.890 kJ(mol-K)" &
£
Specific heat of the metal, C°, 0.630 kJ(mol-K)" 2 s
e el
Thermal conductivity of hydrogen gas, k*| 0.351 W(m*K)" 3 - O Measured by Konish etal. [9] : 573.15 K
P s eyl m A Measured by Konish et al. [9] : 523.15 K
Thermal conductivity of the metal, k 42 W(m+K) L O Measured by Konish etal. [9]: 473,15 K |
Porosity of the metal, e 0.629 Calculated by Eq. (16) : 573.15K
Calculated by Eq. (16) : 523.15K
Permeability of the metal, K 10® m? Calculated by Eq. (16) : 473.15K
0 n Il L 1 " 1 L 1 L L L 1 i 1 n 1
Heat transfer coefficient, h 1652 W(m’-K)" 00 03 06 09 12 15 18 21 24
Hydrogen-free metal density, p'emp 7620 kg m’ H/M atomic ratio
Saturated metal density, p'w 7712.7 kg m” Fig. 1 Equilibrium pressure as a function of the H/M atomic
Initial t tur 350 C ratio and temperature for hydrogen desorption on ZrCo:
o ratute symbols measured by Konish et al? and solid lines
Outlet pressure 2000 Pa calculated by Eq. (13)
Heating temperature, T, (desorption) 350 C
et FFETE HM fAp]of thgt gafo] B &
=] o
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= AtollA= AEE 4 2 2l ZrCo 7| & A 0J5}9] 1 Konish %_9)01] olg] 24w HFaore
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o ATl HBotel T8 TE AT o 9 qaom 2asteh B AL A
L Ak 5 L3 _ =
ool ekel - drar 8 AS5S Table 30] Aesteich. A(13)2 ol &
2N EFRF Y LQ_ Al o _ - - . =
ZrCo o WA NS AE A (I HAHES g0 sk Bkt Konish 5700 oJs) 238
HHAL Fig. 1o vlwsiict.
T
ZrCoH, <> ZrCo + 5[{2 0<z<3 (12)
ANH AS
P, =exp( — )
8 ~ ~ R'T  RY
Part 190] A&3l%50] Kang 5ol 23t @ ( z”] (Ao (AH( LI
Q a,(—)") Xexp
A ZiCo a&padhme] AAE a9 a2l M R T T,
HM 7HH]= 1.8o]ct AT} H|wE Foto] & (13)
W A3 Slstel 2 AelA 4 (129 xS 18
2 7Pt i B AlEdlelds Rt 24 Fig. 2= A55as Aelr| st AAg7]0
% AA27E Table 20 YEFH I Foltt g 871 ek F 7119 ZrCo S2.8 ©f
ZrCo= BFUE0] W WM Aol A o Folx] Gl FAFORE ofof et &g A2
Table 3 Coefficients for calculating the equilibrium pressure at desorption process
Desorption
Ao aj a a3 =Y as a6 ar
-242.095 3728.572 -16673.0 41866.56 -65004.3 65867.29 -44522.4 19703.34
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Layer thickness — - — - Convection boundary

Fig. 2 Mesh configuration of the thin double-layered annulus
hydrogen storage vessel
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Fig. 3 Comparison between the measured (symbols) and
calculated bed temperature (line) evolution profile during
hydrogen desorption process in the thin double layered
annulus bed
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Fig. 4 Temperature contours of the thin double-layered
annulus hydrogen storage at 10s, 50s, 100s, 200s, 500s
and 1000s
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Fig. 5 H/M atomic ratio contours of the thin double-layered
annulus hydrogen storage at 10s, 50s, 100s, 200s, 500s
and 1000s
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