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Abstract

The evauations of the in-vessel coolability using gap cooling model based on counter current flow
limits(CCFL) have been performed for the LAVA experiments and large ALWR. It could be inferred from the
analyses for the LAVA experiments that the vessel could effectively cooldown via heat removal throug the gap
cooling even if 2mm thick gap should form between the interface of the melt and the vessel in the 30 kg AlLO,
melt tests. In the case of large melt mass of 70 kg AlL,O, melt, however, the infinite possibility of heat removal
through a small size gap such as 1 to 2 mm thick couldn’t be guaranteed due to the difficulties of water
ingression through the gap into the lower head vessel bottom induced by the CCFL. The sensitivity analyses for
ALWR using gap cooling model indicated that the heat removal through gap cooling was capable of ensuring the
RPV integrity as much as 42 % of the total core mass was relocated into the lower plenum significantly

depending on the sensible heat 1oss and the downward heat split fraction of corium and a so the gap thickness.
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1.
Decay Heat 26 MW
Melt Mass (M ;) 159.87 ton
Decay Heat per Unit Volume (Q) 1.65 MW/ m?
Radius of Lower Head Vessel (R) 237m
Cooling Rate of Melt ( D-I/Dt) 1 K/sec
Density (I ) 8450 kg/m?
Conductivity (K) 53W/mK
Specific Heat (C,,) 510 Jkg K
Vol. Thermal Expansion Coefficient (b ) 1.05x 10* UK
Thermal Diffusivity (& ) 1.23 x 10° m?/sec
Viscosity (M) 5.3x 10° Pass
Kinematic Viscosity (N ) 6.27 x 107 m?/sec
Composition 90 % UO, + 10 % ZrO,




Ratio | Mass | Volume | peighym)&q | Redius Sdzn A A Ao
(%) (kg) (md (m) (m) (Imm) (2mm) (3mm)
5% 7993.5 0.946 0.366, 32.27 1.265 5.451 0.00795 0.01588 0.02382
10 % 15987.0 1.892 0.524, 38.84 1.486 7.803 0.00933 0.01866 0.02798
15% 23980.5 2.838 0.648, 434 1.628 9.6497 0.01023 0.02045 0.03066
20% 31974.0 3.784 0.754, 47.01 1734 11.2274 0.01089 0.02178 0.03266
25% 39967.5 4.730 0.850, 50.11 18184 | 12.6587 0.01142 0.02284 0.03425
30 % 47961.0 5.676 0.937, 52.8 1.8878 | 13.9545 0.01186 0.02371 0.03556
35% 55954.5 6.622 1.019, 55.25 19473 | 151757 0.01223 0.02446 0.03668
40 % 63948.0 7.568 1.096, 57.48 19984 | 16.3192 0.01255 0.02510 0.03764
45% 71941.5 8.514 1.170, 59.58 2.0437 17.4224 0.01284 0.02567 0.03849
50 % 79935.0 9.460 1.241, 6155 2.0838 | 18.4792 0.01309 0.02617 0.03925
55 % 87928.5 10.406 1.308, 63.38 21188 | 19.4787 0.01331 0.02661 0.03991
60 % 95922.0 11.352 1.375, 65.18 21511 20.4775 0.01351 0.02702 0.04052
65 % 103915.5 12.298 1439, 66.87 21795 | 21.4287 0.01369 0.02738 0.04105
70% | 111909.0 13.244 1502, 68.52 22054 | 22.3689 0.01385 0.02770 0.04154
75% | 119902.5 14.190 1.563, 70.09 22283 | 23.2735 0.01399 0.02799 0.04197
80 % 127896.0 15.136 1623, 71.63 22492 | 24.1697 0.01413 0.02825 0.04237
85 % 135889.5 16.082 1682, 73.12 2.2679 | 25.0443 0.01425 0.02849 0.04272
90% | 143883.0 17.028 1.740, 74.58 2.2847 | 25.9081 0.01435 0.02870 0.04304
95% | 151876.5 17.974 1.797, 76.0 22996 | 26.7541 0.01445 0.02889 0.04332
100% | 159870.0 18.920 1854, 7742 23131 | 27.6053 0.01453 0.02905 0.04357




Melt

Ratio D,(m) J g, mex (M/ SEC) Qax (KW)

%) Imm 2mm 3mm Imm 2mm 3mm Imm 2mm 3mm
5% 7.9451 7.9419 | 7.9388 | 4.8552 | 4.8542 | 4.8533 732.7 1463.3 21945
10 % 9.3337 9.3305 9.3274 | 5.2624 5.2615 5.2607 932.0 1863.7 2794.1
15% 10.2259 | 10.2227 | 10.2196 | 5.5082 5.5073 5.5065 1069.7 2137.9 3204.8
20 % 10.8919 | 10.8888 | 10.8856 | 5.6847 | 5.6839 | 5.6831 1175.2 2350.0 35234
25% 114222 | 114191 | 11.4159 | 5.8215 5.8207 5.8199 1262.0 2523.6 3783.8
30 % 11.8583 | 11.8551 | 11.8520 | 5.9316 5.9308 5.9300 13354 2669.3 4002.9
35% 12.2321 | 12.2290 | 12.2258 | 6.0243 6.0236 6.0228 1398.6 2796.9 4193.6
40 % 12,5532 | 12,5500 | 12.5469 | 6.1029 | 6.1021 | 6.1014 1453.9 2907.4 4359.5
45% 12.8378 | 12.8347 | 12.8315 | 6.1717 6.1710 6.1702 1504.3 3007.0 4508.2
50 % 13.0898 | 13.0866 | 13.0835 | 6.2320 6.2312 6.2305 1548.5 3095.5 4642.2
55 % 13.3097 | 13.3065 | 13.3034 | 6.2841 | 6.2833 | 6.2826 1587.7 3173.9 4759.7
60 % 135126 | 13.5095 | 13.5064 | 6.3318 | 6.3311 6.3304 1623.8 3247.3 4869.2
65 % 13.6911 | 13.6879 | 13.6848 | 6.3735 6.3728 6.3720 1656.3 3312.2 4965.3
70 % 13.8538 | 13.8507 | 13.8475 | 6.4113 6.4105 6.4098 1685.6 3370.8 5054.4
75 % 13.9977 | 13.9945 | 13.9914 | 6.4445 | 6.4437 | 6.4430 1711.5 3423.7 5133.1
80 % 14.219 14.1259 | 14.1227 | 6.4746 6.4739 6.4732 1736.7 3471.7 5206.4
85 % 14.2465 | 14.2434 | 14.2402 | 6.5015 6.5008 6.5001 1758.7 3515.7 5271.2
90 % 14.3521 | 14.3489 | 14.3458 | 6.5255 6.5248 6.5241 1777.6 3554.7 5330.3
95 % 14.4457 | 14.4425 | 144394 | 6.5468 | 65461 | 6.5454 1795.8 3589.9 5382.5
100% | 14.5305 | 14.5274 | 14.5242 | 6.5660 | 65653 | 6.5646 1811.0 3620.4 5429.4




Mass A B C D
Ratio (%) | Fi.:60%,f:100% | Fy:60%,f:50% FLuy 130%, f: 50 % Flay :15%, f: 50 %
5% 3382.6 2159.6 1079.8 539.9
10% 6765.1 4319.1 2159.6 1079.8
15% 10147.7 6478.6 32394 1619.7
20% 13530.2 8638.2 4319.2 2159.6
25% 16012.8 10797.7 5398.8 2699.4
30% 202953 12957.3 64786 3239.3
35% 23677.9 151168 7558.4 3779.2
40 % 27060.4 17276.4 8638.2 4319.1
45 % 30443.0 19435.9 9718.0 4859.0
50 % 338255 215955 107978 5398.9
55 % 37208.1 23755.0 118776 5938.8
60 % 40590.6 25914.6 12957.2 6478.6
65 % 439732 28074.1 14037.0 70185
70% 47355.7 30233.6 151168 7558.4
75% 50738.3 32393.2 16196.6 8098.3
80 % 54120.8 34552.7 17276.4 8638.2
85 % 57503.4 36712.3 18356.2 9178.1
90 % 60885.9 38871.8 19436.0 9718.0
95 % 64268.5 410314 20515.6 10257.8
100 % 676510 43190.9 21595.4 10797.7
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