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(a) Particle (b) Externd view
Fig.2-3 Finite eement mesh of the unit cell

Table2-1 I T P Bi a
Fig.2-4

Table 21 Andytica conditions

Particle diameter | (mm) 75,14.9, 36.1

Temperaure T () —60 140

Pressure P (bar.) 0.0001 10

Biot number Bi (-) 0.01 100

Contact areardtio a(-) 0.0009 0.0036

Void fraction o(-) 0.53
Materid LaN i4_7A |o.3
Filling gas H., He, Na, Ar
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Unit cdl

Fig.2-4 Definition of contact areardio

2-31
Hane 9
LaNi 4.7 Al 03 HXH ( XH max :6)
X /Xt e Vant Hoff
Table2-2 - (PCT: pressure/ concentration isotherms)
In pg, =% - D—RS + (f +f 0)tan[p ((XH/meax) - O.5)]i b/2, (2-25)
Table 22 Physical properties of LaNiy7Algs
Reaction enthdpy DH (Jmol Hy) -33820
Reaction entropy DS (Ymoal H,K) -107.4

Accommodation factor for plateau indlinationf (-)f ,(-)  0.3,0.005

Hysteresis b 0.098
Density r . (g/cnt) 7.44
Therma conductivity | (W/mK) 12.5




2-3-2

H,, He, N,, Ar
Smoluchowski effect ?
I g Kn
| =lo 2-26
9 1+2bKn’ (2-26)
Kn= L (2-27)
d 1
l, p=1 bar b d
_ PoCa
| = , -
"L CofT) =
C, Cg P, 0.00133 (1/760 mmHg)
Table2-3 20 I g
Fig.2-5 d 36.1 nm (p>1 baror
Kn<0.01) (gas continuum or viscous fluid flow region)
pressure ( p < lbar)
(10* < p <1bar or 0.01<Kn<10) (p <10 * bar or Kn>10)
Smoluchowski (Smoluchowski or transient flow region) (free

molecular or Knudsen flow region)



2-3-2
Fig.2-6

Table 23 Gaseous propertiesin Eq.(2-26) and Eq.(2-27)

H, He N Ar
b[] 0.87 14.2 243 2.99
Ca [mm] 105.6 160 61 70.3
Cs [K] 76 79 112 169
| o [WIMK] 0.23 0.1895 0034 0.0235

| g [W/mK]

10° 10° 10
p [bar]

Fig.2-5 Effect of the pressure on the therma conductivity

a=00009, T=20
@ V)
(2-24)
Appendix

, 0=36.1 mm, Bi=1, p=1 bar
(©
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(b) Surface of the patile  (©) Interior of the particle .

Fg.2-6 Didribution of c,(y)
2-4
Hahne
Hahne Y
1) (p>0.01bar)
2)
3) (p <0.01bar)
Hahne a Bi
I
1 2 Hahne ( )l
d I
(2-11) Bi° hi/I ) (2-27) Kn(° 1, /d)
Fig27 BIi Kn
Smoluchowski a=00009, T=20 ,d=361mm
| o Bi (p>0.01bar)
Smoluchowski Bi
1) 9 Bi 1
1~10 bar
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Fig.2-7 Effect of Biot number on the effective thermal conductivity

d Kn Smoluchowski
Bi (Bi=100) a=0.0009, T =20
Fig.2-8 | «
2
(2-26)
Kn
d d=149mm
3 Hahne
1020
Hahne
| T=20
d=36.1 nm, Bi=100 Fig.29 (p <0.01bar)
3 a =0.0009
(p > 1bar)
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10 107 10° 10
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Fig.2-8 Effect of particle diameter on the effective therma conductivity

~ Contact area __
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£
= 10
5
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10° : :

10° 10° 107 10t
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Fig.2-9 Effect of contact arearatio on the effective thermd conductivity
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Fig.2-7~9 Bi
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Fig.2-10 Effect of particle decay on the effective therma conductivity for LaNis-Alos

(H2,He Ny, Ar) |
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Fig.2-11
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I Smoluchowski
g
(10“ < p<1 baror 10>Kn >0.01)

(p<10"* bar or Kn>10)

2
£
=
%
10° 10° 10" 10"
P [bar]
Fig.2-11 Effect of the pressure on the therma conductivity
(225 — (PCT) | a
Fig.2-12 Bi d B =100,
d=149 M (a=0.0009 )
S
140, 20, -20, -60 Py 0.92,0.56,
0.16, 0.014 bar Fig.2-9
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Fig.2-12 Relation between the effective therma conductivity and hydrogen concentration
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Savin 21

Fig.2-13

1= (2np0?) ", (2-29)
n=Pk/T

Fig.2-13 Contact modd by Savin®

Fig.2-14

(0.1<p<10 bar) Fig.2-13

g 0001 B

10 ——0.0001

——0.01
—=—0.0256
e Exp. 1)

| ef[W/mK]

01 :
01

1
p [bar]

10

Fig.2-14 Effect of the pressure on the thermal conductivity with contact moddl *?
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Nomenclature

A

surface area (=12) [n]
contact area [n?]
contact arearatio [-]
Condant arearatio in Fig.2-13 [-]
Biot number [-]
constant [-]
gas specific congtant in Eq. (28) [W/(mK)]
gas specific congtant in Eq. (28) [K]
atomic diameter [m]
nondimensiona hest generation number [-]
volumetric rate of heat generation [W/m]
average gap of surface roughness [m]
enthapy [Ymol]
interfacial thermal conductance [W/(nTK)]
characteristic macroscopic length [m]
characteristic microscopic length [m]
Boltzmann' constant [
K nudsen number [-]
molecular number density [-]
unitnorma to C

equilibrium pressure [bar]
pressure [bar]
reference pressure [bar]
gas constant [Y(kg mal)]
entropy [¥(mol K)]
temperature [K]
imposed temperature difference [K]
nondimensiona macroscae variable [-]
hydrogen concentration [mol/moal]



dimensond macroscae varidble

Xymax  hydrogen saturation concentration

y nondimensiona microscae variable
a ratio of therma conductivity

b hysteresis

¢ paticular solutionfor T

d identity matrix

d Mean diameter of the pore

e small parameter (1/L)

f accommodation factor for plateau inclination
C common boundary of the two media
I o Porosity

L nondimensiond thermal conductivity
I dimensiona therma conductivity

I mean free path

[ dimensiona thermal conductivity at p =1
n weight function

q temperature

r density

W domain

Subscripts

eff effective

g gas phese

Y number of spatia dimension

q number of spatial dimension

S solid phase

012  asymptotic expansion indices

[mol/moal]
[mol/moal]
[-]

[-]

[kg/K]
[m]

[m]
[-]
[bar]

[m]
[WI(mK)]
[K]

[K]
[kg/n]



