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Burnout Heat Flux of Narrow-Spaced Rod Bundles
~-Effect of Flow Rate and Steam Quallty-

Yasabro YAMAZAKI? Tadashi IGUCHI, Yasushi NIITSUMA

Division of Reactor Safety, Tokai, JABRI
(Received September 1972)

In the designs of ATR fuel assemblies narrow_rod-to-rod
clearances and unsymmetric rod arrays are used. It is lmportant
now the factors influence burnout heat flux of the rod bundles}

- The effects were studied for 3-or 4-rod bundles previously.
Capacity of the test facility made it impossible to observe the
effects for various mass velocities at constant exit quality.

A 500 XW preheater installed solved the problem. Burnout
experiments to study the effects of rod clearance and spacers 1in
wide quality ranges were thus carried out at constant mass flow
rate.

The test section is 3-or 4-rod bundle having rod-to-rod
and rod-to-shroud clearances of 1.75, 2.5 and 4.0 mm respectively.

The outer diameter of the rod is 10 zm and the heated length
i1s 300 mm. Experiments were made at system pressure 10 Kg/cm2
abs., inlet velocity 0.5~3 m/s and inlet quallty =St 30%.

Burnout heat flux of the rod bundles 1s less than that of
the tube of seame diameter. ZEffect of the rod clearance is hardly
observed for the high qualitles.

The spacers influence largely position of the high temper=-
ature spot on the rods, but only 1ittle the burnout heat flux of
rod bundle.

The work performed under contracts between Power Reactor &
Nuclear Fuel Development Corporatlon and JAERI.
# Presently, Deputy Head, Office of safety and Control
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Table 2 Results of burnout experiment
{rod bundle. gap 1.7 5mm)
RUN P u Gx10" hi ape X107 | xi xe
A (kg cnfa) | (m/s) [(kcal/m®h] | { keal/kg) | (keal/m?h) | (%) (%)
8—14—1 100 1,976 2233 i438 3869 - 296 705
w2 100 " 2229 14458 4078 —275 7.99
“ 3 110 ,Lgg1 2249 1438 3248 0.43 8.97
roo4 " 1,976 2233 4 3231 0.50 9.06
# b 100 4 2,227 1469 2,522 7.03 | 1367
N ] # 986 2229 1500 23990 7.66 (1397
# 9 115 1,976 2,218 " 22390 11.13 17009
LA 105 " 2,216 1510 2063 1215|1766
fo9 125 L991 2219 165172 1,659 1651 (2098
v 10 110 " 2109 1562 L5001 1790 2195
11 4 1.976 2210 15841 3703 — 650 543
no12 105 # 2218 1500 3.568 —6.87 509
7 13 1006 2986 3322 15923 3556 502 (1130
7 14 110 2,996 3339 1582 3450 386 0.69
# 15 100 2986 3332 1593 4,05 4 —-031 6.8 6
i 16 110 2986 3334 15862 4347 —1.42 6.29
717 9.5 4 3340 1541 2180 883 | 12665
7 18 100 “ 3328 1572 221b 906 | 1297
7 19 120 2942 3328 4 1,816 1540 | 1871
# 20 115 2986 3279 “ 2060 1684 2057
v 21 100 ﬂ‘ 3328 # 3727 —4.93 1.6 4
v 22 8.5 L4000 3355 1489 3513 —508 099
23 105 « L1117 1562 1,896 1203 {2203
w24 110 4 L1156 1582 1,932 1252 1227686
v 25 115 u - " 1,622 1692 22565
W 26 9.5 1,005 L112 1603 1,497 1883 2665
27 1L5 1,000 117 4 L7035 1768 (2776
# 28 9.5 "f 1,112 # .68 6 2508 (3077
29 9.0 4 L111 1613 0,824 2531 |2963
# 30 115 " # " 1,073 2816 [3390
7 31 105 " " 4 0,943 2902 |3403
# 32 o " " " 2,944 —4.409 [1120
# 33 i00 " L113 1593 3227 —4.364 [1265
" 34 110 " 1,iib 1582 3248 —1.49 |1573
# 35 " * 1Li17 1562 3092 . —186 |1450
# 36 100 # # 1562 1,753 429 (1350
v 37 105 # 1,114 1582 1,744 345 |1268
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Table 3 Results burnout experiment

(3 rod bundle,gop 25mm)

RON p u ax10 " hi ap, %107 X i xe
7. (kg/em®a) | (m/s) |(keal A0*h] | (keal kg) (keal/nf b) (%) J (%)
§—A—1 8.7 2971 4305 1605 3116 9415 6.6 3
v D 9.4 2996 4332 1605 3398 1816 6.4 1
n 3 100 2.977 4,293 1686 3820 2091 7.3 1
"4 110 " 4282 1718 4,171 1868 .63
# 5 1156 2,951 4233 17309 3956 405 9.59
v 6 " 2,962 4245 1749 4000 | 446 1006
voT 113 2977 4255 177.0 3950 4.85 1035
v o8 13.3 2,962 4234 1770 3730 5.7 6 1164
o9 143 2,951 4191 1825 3,544 6.2 4 1136
v 10 11.0 2,062 4311 1603 3,802 3.8 8 9.09
! 162 | 2951 4218 1770 3378 6.7 9 1169
12 9.5 2,962 2,234 1776 3951 —0315 514
v 13 14.0 2977 4305 1665 3583 5778 | 1080
4 14 9.5 2951 4218 1770 3,880 —~0315 5.0 6
v 15 135 2.962 4291 1634 3554 597 1094
w16 B.3 2939 4,228 1718 3.457 —0148 459
7 17 125 1,985 2862 1686 3154 —0514 222
"o18 110 1,985 2860 1697 2827 7.0 2 1287
* 19 10.5 1985 2860 1697 2,804 746 1323
" 20 88 1,985 2862 1686 3275 315 981
" 21 9.0 1L98 5 2,886 1613 3180 | 135 777
v 22 105 # 2878 16 3.4 2562 1025 | 1568
" 23 115 " 2870 1665 2,396 6.9 5 1191
K24 120 " 2,860 1697 2,631 7.25 1273
# 25 165 1,948 2.832 1739 2273 1267 | 17.56
" 26 95 « 2832 1802 33009 0006

v 27 120 1,985 2,907 154.1 2276 1126 | 1589
¥ 28 10,0 1.988 2,85 1791 3206 ~0.341 6.2 6
v 29 8.5 L98 5 2857 | 1707 3297 —~0574

v 30 100 . | L0OGO 1,463 1551 2364 858 1806
7 31 9.0 0,992 1,451 1562 2,223 9.8 4 1877
4 32 100 L6O7 1,475 1541 1.766 1501 | 2203
" 33 10.3 " 1,47 4 1551 2,004 1499 | 2298
" 34 110 " 1474 1551 1.9 66 1713 | 2502
# 35 118 " 1,473 1562 1,796 1678 | 2404
v 36 135 " 1,469 1582 2215 21L01 | 3008
« 37 9.0 1,000 1.454 1613 2268 113 1021
# 38 80 " 1,454 1613 2338 1178 [2107
¥ 39 105 1007 1,475 1541 1,403 2243 | 2803
v 40 110 L0111 L4885 1510 1,541 2121 [ 2734
v o41 9.3 L007 1,458 1655 2060 .89 1014
Y 8.5 " 1,461 16 3.4 2,316 2.25 1145
‘43 9.7 " 1,474 1551 2526 4.5 4 1482
v 44 9.5 " 1,474 1551 2,305 4.4 8 1362
v 45 12.7 1,015 L485 1561 1170 2788 |3259
v A6 14.8 1,011 L4811 1541 L2gs | 1651|3177

—11—
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Table 4 Results of burnout experiment

(3 rod bundles gap 4 mm)

RUN P u ax 10 hi ayo* 107 xi xe

% | tegremay | tmrs] (keald b ) | (keal/ig)|(Kal/min) | (%) (%)

8—6—1 105 1179 2603 1686 2947 5.6 0 1207
v 2 v v v " 2994 5.4 0 1218
n 3 105 " 2591 1728 2760 747 1401
v 4 8 0 P " " 22660

v 5 12.0 1181 2623 1634 2781 7.4 1 1372
v 6 105 1179 2.596 1718 2.5 65 170 7.5 2
v T 100 S 260 1 1607 2703 170 78 2
v 8 16,0 1181 26 06 " 2416 11,009 1657
n 9 115 1184 | 2584 1791 3843 —150 7338
a 10 9.3 " 2.6 00 1739 3877 —0.7 3 797
» 11 16.0 1976 | 4313 179.1 3843 495 | 1039
v iz 130 v 4269 1807 4387 —0.0 2 6.11
n 13 107 ” 4313 1791 4083 —0.09 5.5 0
r 14 110 " 4330 1770 3.740 3.3 6 8.47
w15 115 v 43109 17 9.1 3819 341 8.6 6
v 186 100 0 4326 1781 3681 229 738
v 17 v " 4334 17 6.0 31009 195 6.16
n 18 8.5 v 4349 | 1728 2580 | ~0192| 325
w19 13.0 o 4383 1645 244 598 9.2 2
v 20 87 " 4352 1718

—12—
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Table 5 Results of burnout experiment

{3 rod bundle. gap 175mm. spacer set)

RUN - P U GXIO—ﬁ ki qBOXID—ﬁ Cooxi xe
4 "kgsenfa) | {mss)  (kes/m® b) ( keal kgl | [keal/ufh) (%] ]
B—17—1| 108 16786 2176 1686 2353 166 8.04
2 " " 2173 17 0.7 3003 210 1026
3 120 " 2171 17 1.8 3562 5.8 1558
4 11.0 " 2163 .| 1749 3.688 7.31 17.39
5 120 " rf g 3412 1L40 2080
8—19-1 100 " 2171 1718 2722 308 10,70
2 105 1961 2160 1686 1322 6.29 9.9 0
3 100 1976 2173 1707 1554 7.10 1130
1 110 " 2176 1686 2.6 25 1077 17.91
5 " " J174 1697 1473 1102 1502
6 130 " 2171 1718 L5592 1480 1908
7 1.5 ’ 2163 174.9 2711 —258 485
8 120 " 2167 1739 3323 —325 589
9 140 1.986 9183 1697 1520 1814 2234
10 155 1981 2188 1665 1964 1648 2196
il 110 2991 3.256 17 9.1 2146 —1.30 2.6 0
12 " " 3277 173.7 3418 —245 372
13 10.0 v 3288 1707 2045 2.4 8 6.12
14 " # 3285 1718 2453 271 7.09
i5 110 " 3291 1697 3649 597 1253
16 " " 3274 1749 3577 7.20 1366
17 140 2947 3220 1760 2828 1008 1538
18 170 " 3205 1802 3003 9.10 1485
19 105 | 1005 1102 1728 9144 -2.03 1533
20 100 " 1109 1676 1.765 —266 6.8 4
21 110 " 1.113 1634 1870 —0.46 9.3 2
22 “ " 1116 1613 3334 —468 | —219
23 1L5 " 1.118 1593 L8517 3.13 1247
24 100 # 1116 1613 2164 ~320 | —206
25 105 0.981 1091 1593 2.037 9.4 1 204
26 9.5 1005 L1117 160.3 2111 9.5 3 2008
27 9.0 “ 1116 161.3 L9987 1455 2470
28 110 # # " 2364 1254 2459
29 10.0 " " 1593 L8317 17.19 26409
30 " # 1119 1582 L581 1642 2421
31 110 " « # 1420 2165 2871
32 # " 1118 1593 1352 2211 2889
33 " " 1116 16 1.3 1.386 2366 3072
34 " " " # 1.447 1682 2420
35 100 # 1113 1634 1.849 1406 | 2366
36 " 0.990 | 1097 v 2103 1214 | 2487
37 | " 1005 1112 1645 1811 598 1547
38 115 # 1.113 1634 2898 —0.8 8 1434
39 115 o 1116 1613 30202 —493 1048
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Table 6 Results of burnout experiment
(4 rod bundie, gép 1L75mm )

R uN- p u GXIOib‘ hi qBOXIO—'d xi xe

4  (kgscnfa ) {m/s ) (kg m*h) { keat"kg) | [keal/m*h]) | (%] (%)

§—8—I 125 1927 2541 1761 2916 232 11146
‘2 130 1.995 " " 3129 L92 {1177
v 3 150 " 2536 1812 3293 348 | 13958
voo4 130 # 2580 1655 2453 413 | 1174
v 5 120 " 2557 1739 3529 —326 770
o6 125 " 2640 1428 2088 418 |1048
i 1 9.0 " 2568 1697 2.16 8 1072 |1723
#o8 9.5 L9990 2669 1284 2670 —-916 | —048
v 9 100 1.994 266 4 1325 4024 ~026 | 1L56
# 10 17.0 " 2.6 06 1562 3424 339 | 1457
* 11 160 1051 1.363 1634 3538 ~808 | 1224
v 13 150 1860 1383 1572 3.6 53 —~974 1174
" 13 132 " 1.389 1531 3678 —861 1260
v 14 120 L0561 1378 ” 3558 —-757 | 1293
715 110 " 1380 1510 3392 —6.99 {1210
v 16 100 " 1382 1500 3517 ~6.34 | 1358
ro17 10,5 L060 1.391 1510 3034 ~197 | 1578
v 18 10.0 1.047 1L381 1469 3241 —231 | 1606
7 19 11.0 " " " 1878 135 | 1191
¥ 20 13.0 1051 1378 1531 L978 | 539 | 1688
v 21 10.5 " 1374 1562 3.444 —-553 | 1418
v 22 13.5 # " " 2121 1066 | 2303
" 23 17.0 " 1370 1582 2187 1342 | 2650
Y 16.0 1L.060 1380 1593 1853 1812 | 2907
4 95 125 1L.051 1.363 1634 2293 —382 1542
v 26 157 .06 0 1373 1645 16990 2017 | 3012
vo27 130 2974 3814 17369 4357 |—0998 814
* 28 17.0 # 3800 17 7.0 4036 428 | 1299
# 29 2 0.0 " 3614 1739 3444 595 | 1348
* 30 14.0 0.553 0.702 1823 2535 —365 | 2268
7 31 9.0 0553 0711 1718 2468 -201 | 2593
v 32 100 0.540 0.708 1541 2338 —-431 2133
n 33 v 0.553 0.7 26 1510 2168 4044 {6376
n 34 112 0.570 0.752 1458 L0011 4596 | 1512
v 35 10.5 0.553 0.737 1356 1202 1243 | 1531
¥ 36 110 0.540 0722 1325 1290 588 1991
v 37 115 . 0553 0.740 1305 1.446 11.05 | 2645
7 38 110 0.5 40 0.721 1335 1.463 1505 | 3112
" 39 " 0.553 0.737 1356 1476 1987 | 3576
" 40 " o 0.7 34 1397 1508 2121 | 3741

—14—
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Tabte 7 Results of burnout experiment
{4 rod bundle, gap 25mm)
L Run p u ax10 " hi QX 10 X i xe
A 7 (kg/cria} i (m s ) (keal/m?h ) | {keal/kg) | ( kcal/in*h ) (%] (%)
8=10-1 100 0.998 1.714 1582 2704 527 | 1762
s 2] 110 " L713 15093 2641 462 | 1678
t 3 100 0.985 1691 " 2.3 98 1020 | 213
i 4 " L001 L7017 1655 2.5 69 11.51 | 2329
r 5| 1L0 0991 | 1691 " 2.234 1552 | 2593
PR 115 0.994 1696 v 2465 1509 | 2660
o7 125 1.013 1.6 9 4 1707 2.2 50 1781 | 2840
# 8 8.5 1017 1724 1718 2530 430 | 1565
£ 9| 9.5 0.998 1714 1582 2303 053 | 1101
710 # " 1727 1510 2401 1558 | 2642
71l 100 0.991 1716 " 2269 1528 | 2563
012 130 0998 1724 1531 2090 2029 | 29909
# 13 140 0991 1.708 156.2 2171 2058 | 3081
ro14 8.0 " 1699 1613 2886 ~190 | 1118
7 15 130 1.0 13 1.751 1531 2147 2025 | 3006
# 16 10.0 0,991 1714 1520 3128 —~594 834
v 17 " 0998 L7256 " 1873 2945 | 3095
18 11.0 1805 3118 1531 3521 ~1.61 7.29
7 19 9.7 " 3109 1562 3223 575 | 1382
v 20 100 " 3093 1613 3421 656 | 1522
# 21 11.0 " 3115 1541 3441 931 | 1802
v 22 7.0 L8811 3161 1428 3177 1055 | 1823
v 23 1 0.0 L8065 3129 14809 3310 901 | 1728
vo24 105 2780 4777 1582 4188 549 | 1237
# 25 120 v 4738 1665 4161 561 | 1258
1 26 100 0.515 0.898 1438 1251 565 | 1654
v 27 11.0 # 0.90 3 1376 1282 340 | 1372
" 28 105 0.50C 2 0.894 1203 1.303 1645 1 279
7 29 110 0.486 0.866 1193 " 452 | 1638
7 30 " 0,499 0.889 " L4189 938 | 2197
7 31 " " # " 1.286 " 2079
7 321 100 " # " 1581 1476 | 2868
v 33 115 0.486 0.865 1203 1344 1456 | 2685
" 34 11.0 0499 0888 " 1329 1970 | 3154
¥ 35| 105 0477 0.8 48 " 1.284 2170 | 3363
" 36 100 499 0.88 7 1213 1213 —298 7.72
v 37 9.0 " " " 1.283 —196 9.27
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Table 8 Resulis of burnout experiment
{4 rod bundle, gap 4 mm)

RuNN P u Gx1 0" hi qBoxlo—& X i xe
7 (kg cnf a) (iv's ) {kcal/rlazh] [keal/ kg )| ( keal/m*h ] (%] (%)

g—12—1 120 0.996 26176 1438 3548 —1.479 9.0 5
w2 100 v 2651 1531 3.148 34916 1325
# 3 150 “ 2.644 1562 3.383 4905 1527
# 4 16.0 # 2656 1510 2792 7869 1647
U 1.0 " 2696 1356 1.999 —-1.37 427

Table 9 DResults of burnout experiment
{4 rod bundle.gap 1L75mm, spacer set)

RuN P u ax10" hi ago X107 x i xe
o (kg/cofa)| (m/s] (kal/nfh) | (keal/kg]) | (keal/w’h] (%] (%3

g—21—1 110 28974 3810 1749 3204 278 9.41
# 2 100 7 3831 1697 32929 2.5 7 1059
# 3 t 30 " # 4 32358 529 1234
#o4 135 " 3800 1770 2399 6.31 1137
P 5 165 # 3771 1823 3406 56 6 1301
" 5] 120 " 3873 1503 2601 7.93 1327
" 7 155 " 2814 i739 2995 861 1499
# 8 105 2002 2600 1024 2910 0.256 | 805
i 9 " i 2603 1613 2982 0025 903
# 10 115 # 2588 1665 2910 B6.74 15614
# 11 1 L0 # " " 2758 6.07 1446
w12 135 " 2603 1613 2787 .77 1636
» 13| 100 " 2617 156.2 2731 9.39 1756
w14 114 " # ” 2487 1352 2104
# 15 120 # 2607 1593 2420 1281 2018
“ 16 11L0 # 26 03 1613 2.224 —497 .76
# 17 105 # 2631 1500 2186 —6.90 —-037
w18 100 1.051 1.389 1448 2794 -7.43 821
# 19 " " 1.398 1376 2603 —8.92 565
720 110 u 1.401 1356 2007 3.38 1467
v 21 105 # " # 2176 3.87 16186
i 22 " i 1.378 1531 1.895 1248, 2325
¥ 23 100 " 1.377 1541 2140 1305 25621
# 24 110 # 1.374 1562 2020 -16.97 2734
" Zh 115 u # " 1.830 1661 2714
v 26 120 L0660 .38 5 # 2714 —2.19 1326
27 i0.5 1.051 1380 1510 2140 -1.93 icz2e6
# 28 110 4 1.378 1531 2538 1.99 1651
v 29 105 " " ¥ 2126 2.4 4 1456
# 39 1L5 4 " " 1.871 2068 3112
7 31 100 " # " 1.702 2171 3138
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Fig. 3 Burnout flux vs Exit quality
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Fig. 4 Burnout flux vs Exit quality
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Fig. 5 Burnout flux vs Exit guality
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Fig., 6 Burnout flux ve Exit quality
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Fig. 7 Burnout flux vs Exit quality
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Fig., 8 Burnout flux vs Exit Quality
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Fig., 9 Burnout flux vs Exit cuality
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Fig. 10 Burnout flux vs Exit quality
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Fig.l4 Burnout flux vs Inlet guality
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L LN e LR FIBWE L et A g8 Bie M il b ()R AL 8 SR £ 8 8 o s e i

cal/moh)
i

xlO6 k

QBO(

RN

qBO(XlO6 kcal/mzh)

™o

JAERI--M 6031

HE ' %-rod bundle
rod to rod spacing 1.75mm
spacer set

o\no
o o O % m/s ’
X
° o o 2 m/s
—_— <

- *x 0 n\ 1 m/s L

X g .

o o \\

o
o
[ o
X
Kxn x x .

0 10 () 20 0

Fig.17 Burnout flux vs Inlet guality

4-rod bundle
rod to rod spacing 1.75mm

o spacer set
. O 2n/s
T x > /s
o
o © \\\
L 3 oo
%
°
N s
= x
N !
x
\
1 1 - IR |
0 : 10 %1 (2) 20 30

Fig.18 Burnout flux vs Inlet guality -

—26—



JAERI--M 60381

1oTuT

reTyrio

—t—

— e

UoT1e20T jnouanyg Oz It4g

wG g Furowds por 03 poJ
arpung poI—<

@@@

N\
2

191Ul —p

jeTne T

UOT1EO0T 3nouang

AT 9Td

wmG/, T Sutowds poi 01 pod
aTpung poi-g

<
X

Y




|

g

JAERI-M 6031

JauT —+

1974n0 —b-

TOTIEI0T JnoIng

mwG/, T FuTowds poI O pox
aTpung poIx-y

QO OY

O O

ARG

ST oY

— /A
— X

uory=s0[ nouwing fgFLA

ma p Sutords @on 07 pol
aTpung poI~¢

jetutr —i=

\/

137100 ——pr

—2 8=




JAERLI—M 60381

197Ut

18T71no0

—t—

—

UOT3EI0T nouing (g ITJ

wuG Ty Butoeds pox o3 pox
aTpung pox-y

Q0O
OO

(

18TUT —br

18T40C —t=

uoT18I0T nouwang {g°FT4

mng g Sutowds pox o3 pog

aTpung poI—f

QO
OO

S
<

(
\

—29—




JAERI-M 6031

uotjesof jnouwrng 9z Ird

ros xeomds
wmg),*T Sutoeds pox 03 DPOI
alpung poi-¥

eﬂ,_ﬁ. -

187310 —t—

e

18TUT

151400

UOT3E20 T INOLING Gz 314

. 108 190®4S
mug /T FuTowds pox 0} POl
aTpUNg POI-L

ol |0

—30—




i
i
i
i

JAERI-M 6031

spTnsax rejuswtaadxe ayi Jo LAjrrrgronboadsay N AL-A %

o oz VL S 0
1 H ] []
i T
o o
o -
° o
o 0 ()
o .
o
o0
.
1 2
o2
8 g
%
o ° e
o) {
™ » 2
0 8 4
!
-~
=]
s
{¢ =
(T)'JoT wWoIy ®BYED L
*
B1Bp jussaxd O ®
mG/,* T Butords pox o3 pox 17v
TpUNg PCI—=C




B it

Burnout heat flux

4mo

JAERI-M 6031

Xe = Bxit quality

Fig.28 Schematic curve of Burnout heat flux

Burnout heat flux
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Fig.29' Schematic curve of Burnout heat flux
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Fig.30 Effects of spacing on brout heat flux

xe=27", 3-rod bundle (by ref (1)
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Fig.31 Effects of spacing on burnout heat flux

xe=20%, 3-rod bundle
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