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Boundary Element Analysis of
the Geometric Buckling of the Solution Fuel with
a Slant Surface in a Rectangular Tank

(Contract Research)
Yuichi YAMANE, Yoshinori MIYOSHI and Naoki SAHASHI®

Department of Fuel Cycle Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura,Naka-gun,Ibaraki-ken

{Received July 23, 1997)

The geometric buckling of the solution fuel with a slant surface in a rectangular tank has
been investigated using the three-dimensional Boundary Element Method. In the case such
that the surface with a level H is slanting in the direction of a side with length 1 of the
bottom surface, the geometric buckling increases with the increase in the surface slant angle
if the ratio H/{ is larger than a threshold value, ~0.5, and vice versa. If H/L>>0.5, where L
is the length of the longer side of the bottom surface, the geometric buckling increases with
the increase in the surface slant angle, and this is valid independent of the length of the
shorter side and the direction of the surface slant. For the tank with square bottom, the
surface slant effect is independent from the direction of the slant. When the 280T slab tank
having the bottom surface of 70cm X 28cm is used, the Static Experimental Critical Facility,
STACY, is operated to be critical only for the solution level of more than 40cm. For this core
shape, if the level H is higher than about 35cm, the value of the reactivity decreases in

keeping with the surface slant.

Keywords : Boundary Element Method, Slant Surface, Neutron Diffusion Equation,
Geometric Buckling, Slab Tank, STACY
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Table Al (Fig.3 H¥EF—%)

H(em) Bg*(em™?)
30 0.02023958
35 0.01851286
40 0.01722681
45 0.01624476
50 0.01548067
33 0.01487804
57.5 0.01462457
58.75 0.01450803
59.0625 0.01447752
59.21875 0.01446360
59.300 0.01445640
59.310 0.014458551
59.320 0.01445463
59.330 0.01445375
59.340 0.01445286
59.378 0.01445211
60 0.01439771
65 0.01401120
70 0.01369726
75 0.01343813
80 0.01322515
85 0.01304725
30 0.01289736

L = 120cm, W = 30cm, ¢ = 0°, § = 15°
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Table A2 (Fig.d DEET—5)

ABg*(%)
H{em) ¢ =0(°) | é = 14.036(°)
30 -10.515 710.2062
35 - 6.06632 - 5.863
40 - 3.32943 ~3.203
45 - 1.6988 - 1.62655
50 - 0.761488 ~0.725654
55 ©0.243002 - 0.230352
57.5 2 0.0832278 - 0.0808366
58.75 - 0.020992 ©0.0219567
59.0625 - 0.023323 = 0.00875208
59.21875 - 0.0164996 - 0.00232843
59.2578 e - 0.000752302
59.267 o - 0.000389105
59.277 o 11.15487¢-05
59.29685 wk 10.000843167
59.300 2 0.0130021 T
59.310 - 0.0126131 wk
59.320 - 0.0121582 s
59.330 ~ 0.0117066 2T
59.340 - 0.0113274 e
59.375 0.00633968 10.00391774
60 10.0315213 £0.0277601
65 +0.168597 +0.156586
70 0.230054 10.213662
75 0.238079 10.232261
80 £0.238052 +0.231004
85 $0.227372 +0.21992
90 0.211918 +0.204536

L =120cm, W = 30cm, 0 = 15°
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Table A3 (Fig.5 O¥EF—%)

o ABg*(%)
H{em) oC) 5= 00") | & = 14.0360°)
30 0 +0.0106844 10.0106844
30 5 ~2.53399 - 2.40957
30 10 - 6.71109 T 6.45178
30 15 10515 110.2062
30 20 1138262 -13.4385
30 25 716.6105 116.1993
: ABg (%)
H(em) 6C) 3 =00 | = 14.036(°)
80 0 £0.00354721 +0.00354721
80 5 10.0292412 0.0284075
80 10 0.106854 +0.10367
80 15 £0.238052 10.231004
80 20 10.425262 10.413135
80 25 +0.670833 +0.653098
80 30 0.97613 0.953164
L = 120cm, W = 30cm
Table A4 (Fig.6 DEET—F)
| LW | L{em) | W(em) H/L
1.0 60.0000 60.0000 0.496875
1.1 62.9285 57.2078 0.497688
2.0 §4.8530 42.4260 0.497507
2.5 70.0000 28.0000 0497374
4.0 120.0000 30.0000 0.494646
8.0 169.7100 51.2130 0.488425
=0
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Table A5 (Fig.7 DEET—F )

LW [ Lem) | W(em) | () | He/p ] HL |
1.0 60.0000 §0.0000 45.0000 0.703536 0.497475
1.1 62.9285 57.2078 42.2737 0.647301 0.478964
2.0 848530 | 42.4260 26.5650 0.536268 0.479653
2.5 70.0000 | 28.0000 21.8000 0.525511 0.487924
4.0 120.0000 30.0000 14.0360 0.509135 0.493933
8.0 169.7100 21.2130 7.1250 0.492342 0.4885448

Table A6 (Fig.8 DBETF—2)

¢(°) ABg*(%) H
0 0.02023958
2 0.02023375
4 0.02023845
6 0.02024627
8 0.02025723
10 0.02027134
12 0.02028860
14 0.02030904
16 0.02033266
18 0.02035548
20 0.02038953
30 0.02058882
40 0.02087161
50 0.02123848
60 0.02168283
70 0.02217732
80 0.02263690
90 0.02285071

H = 30cm, L = 120cm, W = 30cm, § = 15°
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Table A7 (Fig.9 OHEF—%)

. ABg*(%)

#(%) H = 25cm [ H = 60cm
0 -6.50724 3.20353
5 -6.51039 3.20338
10 -6.51955 3.20296
15 -6.53356 3.20231
20 -6.55048 3.20150
25 -6.56839 3.20065
30 -6.58526 3.19988
35 -6.59861 3.19919
40 -6.60740 3.19876
45 -6.61018 3.19867
50 -6.60740 3.19876
55 -6.59861 3.19919
60 -6.58526 3.19988
65 -6.56839 3.20065
70 -6.55048 3.20150
75 -6.53356 3.20231
80 -6.51955 3.20296
85 -6.51039 3.20338
90 -6.50724 3.20353

L = 60cm, W = 60cm, § = 30°
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Table A8 (Fig.10 OEET—5)

H(em) ABg*(%)

é = 0(°) [ ¢=218014(°) | ¢=90(°)
11.25 *hk *kk - 9.05544
12.5 hk wokk - 4.18151
13.75 K *xk - 0.524134
13.905 *hx Kk - 0.164895
13.96 FEx £xk - 0.03484
13.97 ik £xk - 0.0114062
13.98 *E¥ Kk +0.0119638
14.06 ok FEE +0.241578
14.375 tEE ¥k +0.900976
15 £k *kk +2.08755
20 *rE ok +5.77132
25 - 9.1144 - 8.14774 +5.16927
30 - 3.09886 - 2.50713 +3.98736
31.25 - 2.09531 *Ek *rk
32.5 - 1.24901 - 0.816012 Fxk
33.75 - 0.541393 - 0.179302 Fxk
34.0625 *Ek - 0.038832 i
34.14 hk - 0.00506024 *xk
34.1498 Frk - 0.000858798 £rx
34.1596 ¥k +0.00336966 Fhk
34.1793 *Ex +0.0118619 Fxk
34.2187 Frk +0.0287356 *xk
34.3283 ¥ +0.0751347 Kk
34.375 - 0.23417 +0.0946412 oAk
34.6875 - 0.0913277 HEx %
34.8437 - 0.0225664 ¥k Fxk
34.8828 - 0.00557334 Ex *hE
34.89 - 0.0183554 k% *h*
34.895 - 0.0138511 Rk A
34.9 +0.00183625 *xk *xk
34.91 +0.00616054 *xk *kk
34.9218 +0.0112376 *kk *xk
35 +0.0445899 +0.34168 +2.99228
40 +1.46191 +1.55801 +2.25367
45 +1.93812 +1.9183 +1.71961
50 +1.9622 +1.88701 +1.33285
55 +1.80153 +1.70643 +1.04958
60 +1.58532 +1.48823 +0.839268

L = 120cm, W = 30cm, 6 = 30°




