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Numerical Study of Hydrogen Absorption in
a Metal Hydride Hydrogen Storage Vessel

JINMOO NAM-, KYUNGMUN KANG-, HYUNCHUL JU-"

+School of Mechanical Engineering, Inha University, 253 Yonghyun—-dong,
Nam-gu, Incheon, 402-751, Korea

ABSTRACT

In this paper, a three-dimensional hydrogen absorption model is developed to precisely study hydrogen
absorption reaction and resultant heat and mass transport phenomena in metal hydride hydrogen storage
vessels. The 3D model is first experimentally validated against the temperature evolution data available in
the literature. In addition to model validation, the detailed simulation results shows that at the initial absorption
stage, the vessel temperature and H/M ratio distributions are uniform throughout the entire vessel, indicating
that the hydrogen absorption is so efficient during the early hydriding process and thus local cooling effect
is not influential. On the other hand, nonuniform distributions are predicted at the latter absorption stage,
which is mainly due to different degrees of cooling between the vessel wall and core regions. This numerical
study provides the fundamental understanding of detailed heat and mass transfer phenomena during hydrogen
absorption process and further indicates that efficient design of storage vessel and cooling system is critical
to achieve fast hydrogen charging and high hydrogen storage efficiency.

KEY WORDS : Hydrogen storage(5=%~47d), Metal hydride(5 44 43}%), Hydrogen absorption(5-4>&
%)), Numerical simulation(5=X]A] & ©] A1), LaNis(SEFFUY A )

Nomenclature E. : activation energy, J/mol
H/M: hydrogen to metal atomic ratio
C, : rate constant, 1/s AH : reaction heat of formation, J/kg

h : heat transfer coefficient, W/m*-K
K : permeability, m’

TCorresponding author : hcju@inha.ac.kr k : thermal conductivity, W/m-K

[ Y @ 20107.19 =AY : 201084 AAEEY : 2010.8.20 ] M

cp : specific heat, J/kg'K

: molecular weight, kg/mol

Trans. of the Korean Hydrogen and New Energy Societ(2010. 8), Vol. 21, No. 4 249



oo
o). )

o]

]

[e]
f8

=

R

Foll ool w

Ao 2H

3

FAIT ol g 7] €

A

]

: universal gas constant, 8.314 J/mol-K

: temperature, K

: pressure, Pa
. time, s

P
R

71 o] A

<

. velocity vector, m/s

T
t
u

ol
=

ZHabsorp-

et

=]

S
Azle] 2, T A

24+ (desorption)

ul
=

4232 (metal hydride)

tion)

3

Greek letters
Superscripts
Subscripts

: dynamic viscosity, kg/m-s

: density, kg/m
: gas phase

: solid phase

. effective value

: porosity

g
s
eff

7T
3

)

]

}go] Hi=

L

o

o 7ursle] gro

(thermal equilibrium)

==

=

2 24
olFE A oA FEjel

[¢]

13

i
JO

o

8|

}

9
pel

Foe @

=

-2 Aol A LaNis 8715 5537 7k

sk, olel

=10
o3

9
g Fo 545 Rt Jeni 5 234

Al

empty
: equilibrium

: inlet

: momentum equation

: energy equation
: wall

: saturation
: mass equation
. reference value

. initial

emp :
€q

in

sat

m

ref

T

w

1. M

0

Ao zH

i glemn oo whe} ool tigh AT} A

=13

el

%0

5

~

A% 5 Q= AT

3

=R 9 (two temperperature model)

oF
)

)

B!

4
A

el

1) o] ol A 1

o

o

dk
=

o]

il

of Hlas

=

=

temperature model)9] Al E#]o]A 23}

n) oo

2010 83

=}

9 (equilibrium pressure)©|
st =2& HM21& H4

o}
o H

(<]

]

39

gl

i E& 3

5
T

250



KU
nJ
K-
13!
R0
nO
o+

30

o

4
‘_.__.O_.O

raxe)

|2)

o}l
"

-

ﬂo

1
.

ToR
O

X

=

27k

6= o
o

7}eHS 1.1tk Mohan

=
o

o]

T R
LT
- B
m%
2 % oA
=BT
(@ Jup——
o EX T
oV o T op
=L
= o 4
=< yimm
- —~ ;
K 2T
T EET
KO wo & op
50 ¥ O xr
= owb.ﬂa_mmo
R ®ED
Mg E
~ B
T o
aﬂﬁ,ﬂnmmmm
) = ~H ®
b g B ow A
N = _,on_w
E IO =
J%Mﬁjxuu
N
Qc;lL.Ale
o B
(ORI, R i
= o T X B
7,_|‘_m,‘u;0 OL,.m
JEIZ;Q#O‘HHE
B DUy
o i)
O#EEE‘wﬂO_
T TRl
E \E_Aoo_x
M_.waﬂumc?
"o~ T W
Yo o F
o L o ey
< A T e
A4 e AR e

4
Nk

W

(1

C_um
[l
s
2
>
I—V ..
9@% qr
e st
gpde =
Xﬁ HA_,_AW O#%
o S
ST
G o B
m z;/o ofpy ®°
(@ o ‘_uwrvn 1>_Al‘_
2L dm
o U T
calion
M T
By B
g B
™ %o T T
583
o) o
WA
4o
AR

)

w
R
<
™
X

Nr

k)
]

wt

ZHAA "k &
8)

£ 2ol e
7 2

Sl A
&

A
A4 S,

[e]
o g2, 2
o

g

ol A A

3)

)(piw—0)

g

P
Loy

)n (

£,
RT

S’L = alexp(_

o]},

F A

!

AN Gt Ei=

s
sat =

&3} oldA, p

o~
T?

ul

A

ﬂx_/l

| 274
e
o=

)

03
s
Tiz
- Ce
Z = sl
g N —
Uw _E.h DAIL
T o)y jaSe
g de
R
2R mo
bt

<o
ol
ar 8 W
o M Ho
iy
B T

o A

™
-
iy
=y
JyNO
Ho
™
Mo
Ho

— )
. OU ~
TR &
B0 Aqr

=0 fn
R
) e
ol Xy X
e A= AR
T O @
—_

N

&

O

251

No. 4

Trans. of the Korean Hydrogen and New Energy Societ(2010. 8), Vol. 21,



8

RI
xr

=
1o

(10)

PIM?
RT

P,= P”,fexp(A —

G827 FH01A9 U4 44

3} o] Uehllo} A},

Ho

NS

(11

&
o|J
!

N
No

= Snel

I

2 ojn

2 ols &L}

=

pow] W7t

N

ol
ll
oK

K

A

\Y

2.2 XJ1/

(12)

s
emp

1

S

b,
By p

[

Iy, P

T

3} o] 744

),

—

——

VvV e (pPPuu)
=—VP+V « 7+85,+p'

]-
.
1

A
&

=
.
+

u

B

i
ot

2

E
=4

0

J

kil

1
e

2

o)

Su'E‘

&

e

Darcy’s forces® YERf o] AW o}

2%

s
B
2%

(13)

=n(T-1T,)

on
Star-CD ZAH+Al (computational fluid dynamics,

_ et 2T
A FZ=(user code) 7]

&

b,

ke)
il

H=E 9|

K=+

T,

I~
=v . KV +8,

A3

+V . (pgcguT)

(1—e)k’ +ekv

ot

apc, T
pe,= (1 *s)pscz +8pgcﬁ

A H=

s

1}

bdom ohe

9

oo

LaNig + 3.25H, — LaNiH,

(14)

s
B
22!

9
Nl

2010 83

=}

3 =28 H21& M4

252



10
o
0%
Ao

Table 1 Geometrical, physical, and operating parameters

Description Value
Initial/ inlet temperature, Ty/T; 20/20°C
Inlet pressure, P, 10 bar
Absorption rate constant, C, 59.187 s

Activation energy, E, 21179.6 J/mol

Specific heat of hydrogen gas, ¢!

D

14.890 kJ/mol-K

Specific heat of the metal, c; 0.419 kJ/mol-K

Thermal conductivity of the hydrogen

gas, k, 0.167 W/m-K
Thermal conductivity of the metal, £ | 3.18 W/m'K
Porosity of the metal, ¢ 0.63
Permeability of the metal, K 10° m’

Heat transfer coefficient, / 1652 W/m*-K
Wall temperature for cooling, 7, 20C
Hydrogen-free metal density, ¢;,,, 5300 kg/m’
Saturated metal density, p,, 5369 kg/m’
Reference pressure, P 10 bar”
Constant A in the eq.(4) 10.700”
Constant B in the eq.(4) 3704.6”

o,

ul

o A AH&E LaNis 24748719 7]3}
2 X]9=(dimension)= Fig. 1] Yeh}
Hg-o] A PE = Fot ot

2 HHow FUHL TS

99t (powder) & A H &7]A 3

3 AFgET) & Aol AMEE d-

E] (property) 3} 2& %712 Table 19
ATt
Fig. 2= Jemni'"50] LaNis 5

7Hel ZHz ohE $1AI(A, B, O)0l A

P TSRS B AToA] )

LR =

o o

Y

Ea N

o

o —ﬁ 2 rl
O_Nu Il’,lol« 08{_, r_&

o

pud

B

ol

P

A&

AR ol hE AR W)

1
&

b
=t

719 %7
, Fig. 2014 Hojx= AAE,
719 &9 F43% F7}

fuoay ol o ol
Sl

oot Hj

SE

X

=

bt

=

>, oo mx rf

oo

1o, ool

we e

Trans. of the Korean Hydrogen and New Energy Societ(2010. 8), Vol. 21, No. 4

L EEE
7 X
20mm 60mm
DO000000DO00O G
Q00000000000
SioRPENISIOIDEOONDIDES
00000000000
E 200000 O G
S Q00000000000
= D000 Y
00000000
D000000O0000J
DIPISESIPEIDIDESIDADIDN D]
Expansion Metal
volume hydride bed

Fig. 1 Computational domain and schematic diagram of the
cylindrical LaNis hydrogen storage tank.
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Fig. 2 Comparison between measured (symbols) and calculated
(lines) temperature evolution profiles at three different locations:
Point A (r=15 mm, z=35 mm), Point B (r=15 mm, z=25
mm), Point C (r=15 mm, z=15 mm).
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