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Numerical Study of Hydrogen Desorption in a
Metal Hydride Hydrogen Storage Vessel
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ABSTRACT

In this paper, a three-dimensional hydrogen desorption model is developed to precisely study the
hydrogen desorption kinetics and resultant heat and mass transport phenomena in metal hydride hydrogen
storage vessels. The metal hydride hydrogen desorption model, i.e. governed by the conservation of mass,
momentum, and thermal energy is first experimentally validated against the temperature evolution data
measured on a cylindrical LaNis metal hydride vessel. The equilibrium pressure used for hydrogen desorption
simulations is derived as a function of H/M atomic ratio and temperature based on the experimental data
in the literature. The numerical simulation results agree well with experimental data and the 3D desorption
model successfully captures key experimental trends during hydrogen desorption process. Both the simulation
and experiment display an initial sharp decrease in the temperature mainly caused by relatively slow heat
supply rate from the vessel external wall. On the other hand, the effect of heat supply becomes influential
at the latter stages, leading to smooth increase in the vessel temperature in both simulation and experiment.
This numerical study provides the fundamental understanding of detailed heat and mass transfer phenomena
during hydrogen desorption process and further indicates that efficient design of storage vessel and heating
system is critical to achieve fast hydrogen discharging performance.

KEY WORDS : Hydrogen storage(5=%~*7d), Metal hydride(5 454 3}H=), Hydrogen desorption(5=4~%
%), Numerical simulation(5=%]%4 A& @ o]41), LaNis(SHelg YA S+

Nomenclature
. . . -1
TCorrespondmg author : hcju@inha.ac.kr Cyq : rate constant, s
[ A5 : 201144 4 : 201168 AAEEY : 2011620 ] ¢, : specific heat, J/kg-K
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Eq : activation energy, J/mol 4, 5E5T 23S (metal-hydride) 1744, g2
H/M: hydrogen to metal atomic ratio LEH AN 59 Aoz A s) AFEa 9
AH : reaction heat of formation, J/kg o oFAA I AR ELS AT 7] 93 AR
AS ¢ entropy change, Jkg'K AR dekshl A5 ek 1 F 3552
h  : heat transfer coefficient, W/m"-K . . . o g -
K : permeability, m’ 3}5(metal hydride) F4AAAHS =45 oA}
k  : thermal conductivity, W/m-K AaAeR AgY ¢ gle WHeR FEEL
M : molecular weight, kg/mol ek AEdel= A (Do vepd AAY 45 1
P pressure, Pa Adefe] EA(E W, a5TAasE)] Ak A
R : universal gas constant, 8.314 J/mol-K olof| T2S A AAL st Ao ) BaAay)=
T ¢ tempenature, K e wAgdel Fhel we e AYYE
% ::;Tz;i‘[sy vector, ms Zi}ioﬂijﬁisorpﬁon/desorpﬁon reaction enthalpy),
Greek letters
M+ (n/2) He>MH, + AN H (1)
T : shear stress, N/m?

. porosity Do FhsrBA 2 4IRS
p + dynamic viscosity, kg/m-s A& HAs= HE kS (exothermic reaction)
p: density, ke W g4 TENSS 48 WRw s FU W
Superscripts (Dend}lothemlic rea}ction)ol D}; R 545548
& 8719 4 T8 A iy Wt
: gas phase ofvzt &719 A 9 EAAG Alo] s o3 2
s+ solid phase A Qg wer meA 871 deln waehs o
eff + effective value o 1A 4 FU0 SAS A% AT 5 9
Subscripts = ol E 977} S0 Sasolok o), ol8
o R g&Faste 448719 bl 9 A

d : desorption Hrss 458 5 e 7ol Zasith
emp : empty B =R & 39 Uee Ae =2l st
°q + edulibrium 9 3749 S22 Aabsorption) 2L 7|o 2
e 2 W (desorption) ] Aolh= 8. £/59H4
sat : saturation HAAES AT/EAEA 33 A HE Faed
m : mass equation & Vst AddolH o vla/itAs Fa /Nt
ref : reference value 2Y8 AZsE Aolth AF7HA 4 WS A
T : energy equation A ol o] Foizl vhd AR EINLS T3k o
u : momentum equation 2 o= A o2 At} Dhao KA N NS
o &0 AFRAL AP LaNis 278 §719
Hgate] AlEYolds FRAY T4 A E
.M = W& Al AR w2 2EWSLE S5t AlEE o]
= A Aol vlast s FAAEE 7] 9F e I
T2 AL AATIAFLEAER, AAFaA AAGFE HAAFR 7Padnt Chung’5-& 4
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Table 1 Geometrical, physical, and operating parameters

Description Value
Tank dimension, height/diameter 80/50 mm
Initial/ inlet temperature, To/T; 20/20°C
Outlet pressure, Pout 0.4 bar
Desorption rate constant, Cy 957 s

Activation energy, Eq 16473 J/mol

Specific heat of hydrogen gas, ¢ 14.890 kJ/mol-K

Specific heat of the metal, ¢ 0.419 kJ/mol-K
7 X .
gsrrg;e;lnc;)::ulc;wty of the 0.167 Wim-K
20mm B80mm Thermal conductivity of the metal, &' 3.18 W/m-K
O 00000000000 Porosity of the metal, ¢ 0.63
(XD IDEDIDEDADEDADEDADH D) Permeability of the metal, K 10° m?
%%%%%%%%%%%%G Heat transfer coefficient, / 1652 W/m*-K
= 20000000000 d Wall temperature for heating, 7., 20T
§ (DYDY DEOEOEDED AP YDA DYDY Hydrogen-free metal density, p?,, 5300 kg/m3
2000000 OJG - 3
000000000000 Saturated metal density, p, 5369 kg/m
DYORPYDAPEOADTOY DTSR OADED
[PEPISEPIDIDIPADADEDIDHAD)]
Expansion Metal 2 (16)1A4 BFFE At Al ALgE Thaka o
volume hydride bed A2 Table 201 7123840k 2 (16)S o] &3]
Fig. 1 Computational domain and schematic diagram of the 2x ‘3—% H/M H]%ﬂ @ﬂ'oﬂ H‘]’% -‘7383%}"—51 J:I"}{i’%

cylindrical LaNis hydrogen storage tank

Fig. 2] Hepf A

Fig. 32 Jemni” %°] LaNis 42224 %487] 0] A]
&t &4 2 % 4x(dimension) Fig. 191 et 2o W2 A 7bo) wheh Ad A o w 2RE A48
ATk & ATl A ARR-E B X (property) &3 2 | JHLEE B oA g By nus o
T 2102 Table 1o Aejslol olvk 54 & W galo] Aldte AEo|A Ao} vlad 1go]
2ol i B e Bl o) FoL WY B o) 8] WelA e Sa BE NS FAUSoIG
A S AHEst o, 9xke] thaka] FEje] Hit wela] 79 Ll W& 27 FAH A
3 (interpolatation) &2 ¥ @ It} bt 2 WEo] A% MSEHA H/M 7220
8 B o] AR Fa FEES Zo|EY
B =exp( - 22) 16)  wr spwonnE Y dgE §79 L
SN H AH, 1 1 = AA Frvske e A 2 AlEdold A3
=g 2 ()" exp( (G 7 2) B E L i EE RN
AdolEl et fFAR AaE UEhY ol 5

Table 2 The equilibrium pressure polynomial function coefficient

a0 al a2 a3 a5 a6 a7 a8 a9

Desorb | 0420605 | -4.11352 | 14.1799 | -13.1085 | 4.55729 | 0.165833 | -0.5923 | 0.178977 | -0.023008 |0.00112613
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Fig. 2 The equilibrium pressure as a function of the H/M atomic
ratio and temperature for hydrogen desorption on LaNis
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Fig. 3 Comparison between the measured and calculated tem-
perature evolution profiles
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Fig. 4 Temperature contours in a cross-section of the hydrogen
storage tank at 1s, 10s, 100s, 1000s, 2000s, and 3000s
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Fig. 5 The (H/M) ratio contours in a cross-section of the hydrogen

storage tank at 1s, 10s, 100s, 1000s, 2000s, 3000s. Fig. 7 The velocity distributions in a cross-section of the hydrogen

storage tank at 1s, 10s, 100s, 1000s, 2000s, 3000s
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Fig. 6 A|7F 2 3o & &7] WiitellA o] 3 P Hd3 FE2E Yl ols 2k X
e BEE HojFth WE 27w =& H/M ¥ (Fig. 49} H/M vl-& 32 (Fig. 5)7F Alite] &84
upet Bl A= A v2ve s &
Proe 174 bar Prqumacs 0.6 bar Poqpyes 0.71 bar AUk o= 100z o] ol ¥MH e 2= FAFHT
F2 W H/M HlES 740 284 W wi

SAol el 7] mizolth
Fig. 7 AZF Ao we #4 A74-87] g
O Th &R FES Holgrh 4 (2)F FEs, o
EE%EEEE 3 w5 &7 HellA Fi 7kee £ AV F
eclrW.051 bar Pmm_049 bar P“m_us bar Eég%ggﬁg 2 WEE vt e s & 7 Ak wekA,
E%géﬁgﬁg ThEHE A7 279 =& HM &= 2
o000 ghukE A4 WEE wwdd we 2 (12), 1=
. . . O T HE = Tl WEEC] HA AAs] Wil
A E£r9] A7) w3k ZHAag ) A 7R
1000 2000s 2000 Wk 1002 o] dell+= %‘:ﬁ IA5E &7 7%
9 WHARE 1000% o] F-oll&= SAF-oA 87] =
P i s o o s S Sl ke A% S8 96 ol 2
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