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Evaluation on Sweep Gas Pressure Drop in

fusion Blanket Mock-up for In-pile Test

Etsuo LSHITSUKA, Hiroshi KAWAMURA, Hisashi SAGAWA
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Department of JMTR Project
Qarai Research Establishment
Japan Atomic Energy Research Institute

Qarai-machi, Higashiibaraki-gun, Ibaraki-ken

{Received February 3, 1993)

In the ITER/CDA {(Conceptual Design Activity) of a tritium breeding
blanket, Japan have proposed the pebble-typed blanket. The in-pile.
mock-up test will be preparing in JMIR (Japan Materials Testing
Reactor) for Japanese engineering design with the pebble-typed blanket.
Therefore, the He sweep éas pressure drop in the pebble bed was measured
for the design of the mock-up used on in-pile test. From the results
of this test, it was clear that the pressure drop was predicted on
Kozeny- Carman's equation within +25 " -60%, and that the pressure

drop was not affected by moisture concentration (<100 ppm).

Keywords: Tritium Breeding Blanket, Sweep Gas Pressure Drop,

Beryllium, Lithium Ceramics
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Table 1 Average diameter and density of sample.

Sample Average diameter Density
{mm) (g/cm* )
AL,0s 1.00 3.55 (89.0 ¥TD)
LisZr0s 0.97 3.69 (88.9 XID)
Liz0 1.41 1.32 (65.7 %ID)
Be 0.85 1.85 (100 ¥ID)

Table 2 Distribution of sample diameter.

Mesh No. Diameter Total weight fraction [C. ]
[An ~ Ba ]
[n] {mm) Al O Li;Zr0; Li.0 Be
1 0.5~ 071 . 0.0 0.002 0.0 0. 003
2 0.71~ 0.85 0.117 0.080 0.0 0.523
3 0.85~ 1.00 0.379 | 0.567 0.005 0.400
4 1.00~ 1.18 0.426 | 0.336 0.011 0.072
5 1.18~ 1.40 0.078 | 0.015 0.521 0.002
6 1.40~ 1.70 0.0 0.0 0. 463 0.0
Equivalent surface area S 3.24 im 6.27 2.36
T s
S=—Z [(A.+B.)ZxC.] x 10°¢ x 1078 X 107® x 1078
4 n=1 :
(m?)
Equivalent volume v 5.62 5.02 1.50 3.50
T 8
V=—% [{A.#+B.)*xC(C,] x 10°1% | x 1071 | x10°9 x10°1L°
48n==1 .
(m*)

S and V were calculated from pebble's diameter.
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Table 3 Chemical composition of sample.

Material Chemical Composition wt%
Al.0; :93.0 .
Si0, : 5.3
Tig, : 0.1
Al:0s Fe:0; + 0.1
Cab0 : 0.3
M) : 0.7
K:0+Na.0 : 0.4
Li 1168.7
Ir :57.4
Fe : 0.505
Al 2 0.342
Li2Zr0; Ti : 1.52
Cu : 0.031
Sn : 0.360
Hf 1 1.33
Mn : 0.007
Li :46.8
Fe 1 0.01
Li20 Al : 0.04
Cu : 0.001
Sn : 0.001
Be :98.2
Be) : 1.51
Al : 0.078
Be C : 0.023
Fe 1 0.11
Mn 1 0.017
Si : 0.03
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Table 4 Packing property.

Packed column Packed weight (g) Surface
Sample : area """
Size (mm) First = Second | Third" : 1-¢**} a (m*/m*)
Al;0s | SUS-¢ 21x 50" 39.59 | 39.12 | 39.32 | 0.64 | 3.69x 10°
Al;0, | SUS-¢ 10x 100 17.06 | 17.09 | 17.16 | 0.62 | 3.57x10°

Alz0s SUS-¢ 39x 100" 273.17 273.38 | 272.99 0.63 | 3.63x 10°

Al:0s ALU-¢ 20x 50" 34.82 34.74 | 34.47 0.62 | 3.57x10°

Li:Zr0O; | ALU-¢ 20x 50" 36.31 36. 41 36.51 é 0.63 | 3.78x10°

Li.0 ALU- ¢ 20 50" 8.000 7.998 7.986 0.39 | 1.63x10°
Be ALU- ¢ 20> 50" 17.45 17.69 17.54 0.61 |[4.11x10° |

SUS : SUS316, inner wall was polished by electrolytic polishing.

ALU : Fused alumina.

* : Third packed sample was used in this measurement.

w : Packing rate ( 1 — ¢ ) , the ratio of third" packed density
and material's density (see table 1).

ki : Surface area of unit volume is calculated as

a=8 (1l—¢) V.
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Table 5 Measurement condition.

Run Packed column Temp. Flow | Pressure | Moisture
Sample rate concent.
No. Materials | Size (mm) (c) | (ews)| (Torr) (ppm)
A- 1| Al:0s Alumina | ¢ 20x 50" 600 | ~40 760 0
A- 2} Al:0, Alumina ¢ 20x 50" 400 ~ 60 760 0
A- 3| Al.0s Alumina ¢ 20% 50" 800 | ~40 760 0
A- 471 Al:(s Alumina & 20 50" 600 10 760 30
A- 5| Al:0 Alumina ¢ 20 50" 600 10 760 100
A- 6] Al:0s Alumina ¢ 20x 50" 600 ~40 500 0
A~ T| Al:0s Alumina ¢ 20x 50" 600 ~ 60 1000 0
A- 8| Al.0s Alumina @ 20 50* 25 ~ 60 760 0
A- 9 Al:Ds; SUS ¢ 21x 50" 25 ~60 760 0
A-10( Al:04 SUS # 21x 100" 25 ~60 760 0
A-11F Al.Qs SUS ¢ 21x 200" 25 ~60 760 0
A-12] Al:0: SUS ¢ 10x 100" 25 ~ 60 760 0
A-13 | Al:04 SUS # 39x 100" 25 10 760 0
L- 11 L1:7r0; Alumina ¢ 20x 50" 600 10 760 30
L- 2} Li:0 Alumina ¢ 20 50" 600 10 760 30
B- 1| Be Alumina | ¢ 20x 50" 500 10 760 30

SUs

— 127

: SUS316, inner wall was polished by electrolytic polishing.
Alumina: Fused alumina.
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Table 6 Helium gas density.

Pressure Temperature {°CH
(Torr) 25 400 500 600 800

500 0.0362

760 0.1604 | 0.0719 0.0845 | 0.0551 0.0438

1000 | 0.0724

Unit : keg/md
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Fig.A-3 Helium density at 600°C.



