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Thermal Fluid-Structure Interaction Analysis of Shield Plug (1)
~Preliminary analyses by FINAS and AQUA~
Yoshihiro Doi" Hiroaki Ohira’
Abstract

A thermal fluid-structure interaction analysis is being conducted to develop numerical
simulation method for the temperature distribution in the shield plug of LMFBRs. As for the
preliminary analyses, the structural temperature distribution in the shield plug and the
thermohydraulic characteristics in the cover gas region were calculated separately FINAS and
AQUA, respectively.

The calculated temperature of FINAS at the bottom of the shield plug by the thermal
conduction model was 150°C to 200°C lower compared to the data measured in MONJU during
start-up tests. This large temperature discrepancy was improved to the order of 60°C by the
implementation ‘of the thermal radiation model. In addition, the thermohydraulic analysis in the
cover gas region by AQUA showed that the azimuihal temperature differences induced by natural
convection were about 40°C in the cover gas region and about 20°C in the inner annulus.
However, the maximum temperature difference of about 100°C was observed in the inner
annulus along the azimuthal direction. These facts indicate that the thermal fluid-structure
interaction analysis is strongly expected to simulate the complex heat transfer phenomena in the

‘shield plug induced by the mixture of conduction, radiation and natural convection.

*Thermal hydraulic Research Section, Advanced Technology Division, OEC, PNC
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Table 4.1 Temperature of Reactor Vessel, FHM and [IVTM

HS—HAE S RFIFRERE FHM, IVTM JELEE fii#
(mm) (°C) (°C)
1360 280. 0 280. 0
1320 284, 0 286. 0
1280 287.0 292.0
1240 291. 0 298. 0
1218.75 293.0 - BIE AR
1216. 25 293.0 - "
1195 295, 0 305. 0
1155 298. 0 311.0
1115 302.0 317.0
1075 306.0 | 322. 0
1053. 75 307.0 - PAEHRAR
1051. 25 308. 0 - I
1025 310.0 330. 0
975 315. 0 337.0
925 319.0 345. 0
875 13230 352. 0
825 328.0 360. 0
775 332.0 367.0
725 337.0 375.0
675 341.0 382. 0
625 346. 0 390, 0
575 350. 0 397.0
495 358. 0 - Ry MEB
385 367.0 - "
275 377.0 - "
165 382.0 - I
55 387.0 - I

) WA= AABERIAy FREE®HSE 0 LT D,
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Table 4.2 Temperature of Fixed Plug and Rotating Plug

EHmEALE {RBE k=
(mm) (C)
1170 | 279. 0
1370 278. 0
1570 277.0
1770 276. 0
1970 275. 0
2170 274, 0
2297. 5 273.0
2337. 5 - T =a 5 AL
2450 272.0
2650 271.0
2850 269. 0
3050 268. 0
3250 268. 0
 3452.5 267. 0
3722.5 265. 0

T) BERUBEIREEZZ 7 PL%E 0 LT3,

Table 4.3  Axial Temperature Distribution of Annulus

fih oy AL REE %
(mm) (°C)
1423.75 280. 0
1542. 5 262.0
1692. 5 217.0
1842. 5 182.0
1992. 5 | 148.0
2142. 5 113.0
2292. 5 78.0
2411. 26 50. 0 7 =25 AETEHE

) WAmALEEATy PNREREE0 LT 5,
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Fig. 4.12  Axial Velocity Distributions (I = 16)
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(4)NACOWA Experiments on LMFBR Cover Gas Aerosols, Heat Transfer, and

Fission Product Enrichment‘©®
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K& VBT, 10 55 20 g/n® Tholte AT 50CHE 80°CHFEETIE, Na TR B
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BRI Na SR FABWREHR L, BEAHETRALLEXOAZL LTV S, |
O | | |
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+ Na JRETIREE A 500°C DB DR B E & 3 i 2AMR% R O LLSRIT Table A 2 ITTRRER
Elpol=,

(3) AT 77 /38— A DIGEAFR T & M B2PR 7
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oty BIEREELD Na EEOKHRIL, BECHHDLFIZE—ETO0.05 Thotz,
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(4) NACOWA Experiments on LMFBR Cover Gas Aerosols, Heat Transfer, and Fission
Product Enrichment |
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Table A.1 Test Condition and Sodium Mist density in Cover Gas (Ref.(3))

I A MRIE ik S ")E
Na i EIREE (°C) 250 530-580
77 7 FHERE (C) 100-140 | T 210-480
HA | Ar, He Ar

Table A.2 Ratio of Radiation and Convective Heat Transfer (Ref.(4))

TIIN=JT AT & B VR B - 2BURR R GMEO | RSO
(m) (C) (W/m2) - R e
0.5 450 198, 3 52,7 47.3

350 627.7 35. 5 64. 5
300 817.9 27,3 72.7
250 987. 3 18. 8 81. 2
1.0 450 197. 6 52,9 47.1
350 619, 1 3.1 64.9
300 798. 5 2. 1 73.9
250 067. 4 17.6 82. 4
1.5 450 197. 1 53.0 47.0
350 613. 3 34,7 65. 3
300 787.3 25. 4 74.6
250 956. 4 17.1 82. 9

Table A3 Sodium Mist Density for Height of Cover Gas and Sodium Temperature (Ref.(6))

WA= H AT E Na {55 75/ TERE | 0 IR MNEE
(cm) (C) ' (C) (g/m®)
12.5 | 369 112 4.0
12.5 530 153 30. 1
33 541 145 24.0
. o o - 59 — | ' .
Y e e e e e e e e e
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Fig.9.1  Temperature profile across cover gas, argon, 12.5 cm.
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Fig.9.2  Temperature profile across cover gas, argon, 33 cm.

Fig. A1  Axial Temperature Distribution of Cover Gas (Ref.(6))
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