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Characteristis of Pebble Packing into In-pile Mockup on Fusion Blanket
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Te control of temperature in breeder reglon of fusion blanket, it is
necessary the data of thermal conductivity depend on the packing fraction
of tritium breeder pebbles and neutron multiplier pebbles which are
packed in the region. The packing fraction is influenced by the vibra-
tion. Vibraticn occurs coclant flow and thermal expansion under thermal
cycle.

Four kinds of packing characteristics under vibration were studied.
First is the effect of ratio of container inside diameter to pebble di-
ameter on packing fractlon. Second is the packing distribution. Third
is the vibration packing characteristics. Last is the packing character-
istics under thermal cycle.

From our study, it was shown as follows.

(' The packing fraction is kept at constant value, i.e. about 63% under
the condition that the ratio of container diameter to pebble diame-
ter is above 10.

() The packing construction of center and nearby wall are no systematic
arrangement and have close packing zone and loose packing zone on
pebble packing bed of about 60% packing fraction.

(3 The packing fraction is about 777 by mixture packing of ¢lmm Al,0g3

pebbles and ¢5mm Al;03 pebbles under constraint.

# Kawasaki Heavy Industries, LID.
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&) The load of container wall increases from 20kg to 200kg by thermal

cycle.

Keywords: Tritium Breeder Pebble, Neutron Multiplier Pebble, Fusion
Blanket, Packing Fraction, Packing Distribution, Vibration
Packing Characteristics, Packing Characteristics Under Thermal

Cycle
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Table 1 The size and the materials of pebbles
Pebble Number A-1 A-3 A-S B-3 B-3 -3
Diameter (mm) 1 3 5 3 8 3
Materials Alz0y Bearing Steel | Glass

stJ2
Density(g/cm®) 3.6 7.8 2.5

Table 2 The size and the materials of containers

Container Number C-26 C-36 C-46 C-56 C-64 c-71 C~635 c-T0

Inner Diameter (mm) 26 36 45 56 64 71 65 {size)
70X 70X 7100

Length (mm) 200 50

Materials Acerylic Resin Aluminium Polycarbenate
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Table 3 Experiment method

Experiment | Pebbles® Containers™ Packing method
number '
B-3 -26,C-36 No—constraint, no vibration
i B-8 {-48, C-58
C-64,C-T1 No-constraint, with vibration
Constraint, no vibration
A-1 C-65
2 No-constraint, with vibration
4-3 C-65 Constraint, no vibration
A-3 No—-constraint, no vibration
B-3 C-11
G-3 No-constraint, with vibration
-1
Ne—constraint, with vibration
B-3 Cc-71
Constraint, with vibration
g .
A-3 No—censtraint, width vibraticn
3-2 B-3 c-71
Censtraint, with vibration
A-1 No-constraint, with vibration
3-3 A-S c-11
Constraint, with vibration
A-1 No—constraint, with mechanical
4 A-3 c-70 fluctuation corresponding to
A-5 thermal cycle
Experiment 1 : The packing fraction vs. ratio of container diameter (D) and pebble diameter(d)
Experiment 2 : The packing distribution
Experiment 3 : The vibration packing characteristics
Experiment 3-1 : The vibration packing characteristics of one—compenent pebbles

3-1
Experiment 3-2 : The vibration packing characteristics of two—component pebbles
Experiment 3-3 : The vibration packing characteristics of two-size pebbles
Experiment 4 : The packing characteristics under thermal cycle

¥ ; See Table 1 and Table 2
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Table 4 Effect of the packing fraction vs. the ratio of
container diameter (D) to pebble diameter(d)

Packing fraction (%)
D/d before vibration after vibration
Measurment Average Measurment Average

54.4 55.3

3.20 54.7 54.3 55. 2 55.0
53.7 54. 5
56.0 57.6

4. 40 56. 6 56.0 57.0 571
55.5 56. 6
56.8 51.2

576 55.6 56.3 58.1 57.6
56. 5 57.4
57.6 58.3

6. 97 58.0 57.% 58.3 88. 4
58.0 58.5
0.9 61.7

7.99 80. 6 60. 7 61.1 61.5
60. 5 61.7
56.0 57.1

8.00 56.0 56. 6 57.8 58.2
57.8 54.7
56. 4 57.3

8. 94 57.4 56.9 59.8 58. 8
57.90 59.2
61.7 62.6

11.0 62.0 61.9 §2.7 62.6
61.9 §2.86
7 60.3 61.5

14. 4 60. 4 0.4 1.9 61.5
60. 6 61.5
60. 7 61.7

17.4 §0.8 60. 7 £1.8 61.9
80.7 62.1
59.1 61.8

20.0 59.7 59. 4 61.7 61.9
59.5 §2.1
59.0 62.1

22.4 59.7 59.2 62. 6 62.2
58.9 1.9
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Table 5 The packing distribution in a container filled with ¢lmm Al;03

and ¢3mm Al,03 pebbles on constraint and vibration

Figure Number Fig. 5 Fig. 6 Fig. 7
Pebble Diameter {mm) 1 1 3
Packing Method Constraint Vibration Constraint
Container Inside Diameter(mm) 65 65 65
Cross Section Rate(%)
(Center:10mm> 10mm) 62.7 5.9 51.6
(Wall:1Cmm X 1. Smm) 57. 9 66. 9 S

Table 6 Effect of the packing fraction on ¢3mm Al,03, ¢3mm glass and
¢3mm bearing steel pebbles before vibration and after vibration

Pebble Packing fraction (%)
surface : _ X -
Pebble rouﬁhgess before vibration after vibration
a
{um) Measurment Average Measurment Average
60. 3 62. 4
Jmm
lass 0. 32 59. % 60. 1 62. 6 62.5
60.1 62.6
5B. T 59. 5
@ 3mm
Al20a 1.12 57.3 57.8 59.2 50,6
57.3 60,1
59.0 62.1
¢ Imm
bearing 0.007 59.17 59.2 §2.6 62. 2
steel
58.9 61.9

¥} Cut off value is 0.C3mm.
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Effect of the vibration packing
of ¢$3mm Al,03 pebbles under
constraint and under no—constraint

Time(s) |Packing fraction(¥%) | Constraint condition
0 59.7
120 60. 3
Constraint
300 60.3
600 60. 4
610 59.7
630 59.9
660 59. 8
No—constraint
720 549. 2
900 59.2
1200 59, 2

Table 8 Effect of the vibration packing
of two-size pebbles

Packing Vibration Constraint Packing
pebble packing condition fracticon
conditon (%)
Primary before Vibration | No-constraint 58.5
pebble :

(¢ 5mm Al,0s) |[after Vibration Constraint 59.9
Secondary after Vibration Constraint 7.2
pebble

(¢1mm A120,) |after Vibration No—constraint 63.2

Weight of primary pebble : 927.6 g
Weight of secondary pebble : 291.6 g
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Table 9 Effect of the packing
fraction on ¢lmm AL;03,
$3mm Al,05 and ¢5mm
Al,03 pebbles packing
before thermal cycle
and after thermal

Tahle 10

Effect of

load on

¢lmm Al,03, ¢3mm

Aleg and

$5mm

Al,0q pebbles
packing after
thermal cycle

cycle
Packing fraction(%) Leoad (kg)
Pebble Pebble
before test after test Measurement Average
¢ 1mm ¢ imm 32.0
Al20, 59.4 62.5 Alz0s 27.3
22.5
¢ 3mm & Imm 21.5
Al20, 58.5 60.5 Al.0, 16. 9
‘ 12.2
& 3mm @ Smm 17.5
Al20; 55.8 61.1 Al.0s 15.3
13.0
Table 12 Effect of load on ¢3mm Al,04
pebbles additional packing
after thermal cycle
Pebble Load(kg) Packing
addition fraction
Measurement Average (%)
Initial 22.5
packing 16.5 60. 5
10.5
ist 117.5
addition 101.3 61.1
' 85.0
2nd 148.8
addition 132.7 61.3
116.5
3rd 212. 5
addition 200.0 61. 5
187.5
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Table 11 Effect of load on ¢3mm Al,03 pebbles additiomal
packing under thermal cycle
Test |Load(kg) |Pebble | Test |Load(kg) |Pebble |/Test |Load(kg) |Pebble
cycle addition || cycle addition [[cycle addition

1 190.0 217 143, 8 433 165.0

2 172.5 218 143.8 434 165.0

3 156. 3 219 142. 5 435 165.0

4 143.8 220 141.3 436 164.0

5 130.0 221 140.0 560 145.5

6 120.0 222 140.0 584 149.0

1 108. 8 223 138.8 527 148. 8

8 101.3 224 137.9 528 240.0 3rd Add

9 90.0 225 138.8 529 238.8
10 82.5 228 137.3 630 238.0
1 76.3 221 137. 5 631 237.5
12 70.0 351 118.0 f32 238. 8
13 65.0 375 117.5 633 237.5
14 37.5 418 117.5 634 237.9
15 52.5 419 177.5 Ind Add. | 635 236.5
i6 51.3 420 175.0 636 236.3
17 45.0 421 172.% 637 237.%
18 40.0 422 171.3 638 236.13
142 22.5 423 170.0 639 236.5
166 22.5 424 169.9 540 235.0
209 22.5 425 168.8 641 235.0
210 167.5 1st Add. § 428 167.5 642 235.0
211 158. 8 4217 168.8 643 235.0
212 155.0 428 187.5 §44 235.0
213 152.5 429 167. 5 645 233.8
214 150. 0 430 166.3 769 216.0
213 147. % 431 165.0 193 212.5
216 146.3 432 165.0 §36 212.5
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Fig. 1 Equipment for thermal cycle
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i Numbers are calculated number of

B spheres per layer in container
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1 5 10 50 {100 200

L.(coniuiner diameter )
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3

Fig. 2 The packing fraction vs. the ratio of container
diameter (D) to pebble diameter(d)
(McGeary, R.K.: J. Am. Ceram. Soc., 44
No.10 513 (1961))
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Bearing Steel Pebbles |

65 | ]
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55

O : before vibration ( —— )
A ® : after vibration ( =—— ) ]
45 — "
1 10 100
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Fig. 3 The packing fraction vs. the ratio of contalner
' diameter (D) to pebble diameter(d)
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Fig. 4 Image analysing area of packing

pebble bed under constraint and
under vibration
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]

42 mm

Fig. 7 Image analysing area(65mmx4Z2mm)
filled with ¢3mm Al,03 pebbles
under constraint

e
Al

—_— e
QO -

o

-~

Average Coordination Number
((o)

o
w

|
30 35 40 45
Porosity (%)

50

Fig. 8 Relation between average coordination number and poresity

(Smith, W.0. et al.: Phys. Rev., 34 1271 (1929))
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diameter : ¢y 3mm

—_ o4r . bearing |
S I g;ass steel .
.5 62 - $-
3
i Al203
» 60+ 8 o .
<
S g
A O

58+ s

@) O : before vibration
@ : after vibration
56 | L 1 : ! 2 I " 1

2 3 4 5 6 7 8
Pebble Density (g/cm3)

Fig. 9 Relation between the packing fraction and pebble density
under no-constraint before vibration and after vibration

63 : : — : : . 1

t"""--\ diameter : ¢ 3mm
< 61t §
) Al203
5 X
5 s glass $ |
Fe . O
e bearing
g | steel
S 0
A~ 571 -

O: before vibration
@ : after vibration (----)
55 1 i 1 1 L

0.0 0.4 0.8 1.2 1.6 2.0
Surface Roughness, Ra (g m)

Fig. 10 Relation between the packing fraction and surface roughness
under no-constraint before vibration and after vibration
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65 T T

63 p i i
- Constraint - No-constraint

6l r \g =
(_)/0 &0

59 r \O O -0

57t i

¢ 3mm Al20O3

55 ' e

0 300 600 300 1200
Time (s)
11 The packing fraction of ¢3mm Al,03 pebbles vibrated

under constraint and no-cconstraint
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66 ¥ T T T T T ™ T T 1
o : before test
641 e after test
S
= b ¢ -
'g T .
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—
1, ®
oh 60 B O T ¢ by
.E O
0 o)
£ 58t .
56 N | N ! . 1 A 1 , ]

0 1 2 3 4 5 6
Pebble Diameter (mm)

15 Relation between the packing fraction and ¢1lmm

Fig.
Al,03, ¢3mm Alp03 and ¢5um Al,03 pebbles before
thermal cycle and after thermal cycle
40 T T T T T T v T T T
5 301 1
Y
N ——
~
]
.
20 -
10 1 1 L 1 . ] ] . 1

0 | 2 3 | 4 5 | 6
Als O3 Pebble Diameter (mm)

Fig. 16 Relation between load and $lmm Al,03, ¢3mm Al03
and ¢5mm Al,O3 pebbles after thermal cycle
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Fig. 17 Load on ¢3mm Al,05 pebbles additional
packing under thermal cycle
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=
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Fig. 18 Relation between the packing fraction and
load on ¢3mm Al,03 pebbles additional
packing after thermal cycle



