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Effect of the heated length on the burnout heat flux
in the rod-bundle test section

Yasabro YAMAZAKI, Tadashi IGUCHI, Yasushi NIITSUMA
Kazuml TAXKANO

Division of Reactor Safety, Tokal, JAERI
(Recetived November 1971)

A series of burnout studies was previously performed on
3 - or 4 - rod bundles constituting the unit lattice of ATR fuel
assemblies; the heated length of the rod bundles is 300 mm because
of the power capacity. As the first in the new series of burncut
studies with the power raised to 500 KW, the effects of heated
length in the rod bundle test sectlons Were studied.

The test section consists of & 3-rod-bundle and a shroud
tube. The outer diasmeter of the rod is 10 mm and the rod-to-
rod gap and rod-to-shroud gap are 1.75 mm. Tests wWere made for
the test section of heated lengths 300 mm, 600 mm or 900 mm re-
spectively, at system pressure 10~ 40 Kg/cmg, water flow rate
(2~10) x 106 Kg/mehr, and inlet subcooling 30 ~50° C.

The burnout heat fluxes in 300 mm test section by & bridge-
i type detector are in good agreement with those in the previous
study. ZEffect of the heated length on the burnout heat flux 1s
hardly observed.

This work performed under contracts between PoWwer Reactor &
Nuclear Fuel Development Corporation and JAERI,
% Presently, Deputy Head, O0ffice of Safety and Control
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Nomenclature

hi

enthalpy

inlet enthalpy
mass velocity
heated length

pressure

burnout heat flux

tanperature'
inlet temperature
inlet subcooling
velocity

quality

exit quality

void fraction
void fraction at

burnout point

(Kcal kg)
(Keal &g)
(kgAfh)
{mm)

(kg /cf)

(Kcal Afh)
(C)

(T)H
(T

(m/”S)

(%)
(%)
{-)
{-)
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Table 1 Besults of burnout experiment
(3 rod cluster , heated length | 300mm)
RUN P Ti ATsub | u Gx10"° hi agoX107 | Xe
4. [ kgsenf a] (c] [c] (m/8] [kgAfh] | [keal’kg) |(kealAfh]| [%]
10-27- 1 7.2 134 [313 | 295 | 988 1346 | 312 |-124
w2 7.4 130 | 364 | 244 | 8109 1305 | 296 {-152
n—rr = 3 2.6 4 3.45
ne—u— 4 75 | 135 (325 |297 | 996 1356 | 310 [-156
#er - 5 7.7 135 | 336 | 292 9.79 1356 | 336 |-126
wen - g 7.5 136 | 315 | 294 | 983 13656 331 |-093
p—tr -7 7.5 136 | 315 | 288 9.65 1366 | 357 |-037
R 7.5 136 {315 292 9.7 8 1366 357 |-045
wen -9 8.0 137 | 325 {297 994 | 1376 | 358 |[-079
n—r =10 8.0 136 | 336 | 191 6.3 8 1366 | 313 125
" —11 80 | 136 |3a36 | 191 6.3 8 13686 2.94 0.79
w—rr —12 8.2 136 [348 [204 6.8 4 1366 | 307 0.30
w=n =13 8.5 L91
w—n =14 8.5 136 | 360 |1.24 414 i366 139 |=-195
wen -5 8.7 122
nen -1 8.7 134 1396 | 124 415 13456 2.8 4 329
“w—rn —17 87 133 | 4058 1335
n—nw =18 8.7 140 (336 |1.22 407 1407 | 398 9.49
"= =19 9.0, 142 [325 | 121 403 1428 373 8.78
w20 9.0 142 [325 [ 121 4.0 2 1428 | 392 9.7 1
netn =21 9.0 143 1315 {123 408 1438 | 357 | 822
Ty 9.1 144 (314 {122 | 405 1448 396 1003
#—n —23 120 154 (331 |123 403 1551 417 11067
#on =24 122 155 [328 {122 402 1562 | 394 9.89
wen —25 130 154 1347 |122 | 401 1572 3.90 9.35
w—n =26 13.0 155 357 299 | 983 1562 | 38¢ .|-098
w—n =37 130 154 |367 [297 9.77 1551 400 |=085
”—n -2 130 154 1367 |297 9.77 1551 406 |-085
n—m ~29 131 154 |369 |199 | 654 1551 | 373 177
”wr =30 131 153 |379 [193 6.3 6 1541 352 1.26
n—n-3] 132 152 (384 [199 6.55 1541 3.6 1 117
»—n 32 131 152 389 [110 | 362 1531 2.08 137
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RUN P Ti aTsub u Gx107" Bi apgx107| Xe

& [kg/cnfa] | [T) (t] (mrsS] (kg nfh] | [keal 4Ag] | (kcal/nfnl| [%]
10-27-33 131 152] 409 | 111 ] 368 | 1510 215 119
n-»-34 150 118 390 | 1510
»—n~35 7.8 1421 266 1428 128 _
11-19- 1 110 149 | 342 | 299 | 987 | 1500 353 |-1.25
”—n=- 2 108 145 | 374 2.98 986 | 1458 364 |-175
#w=n = 3 106 144 | 376 302 11000 14438 3.56 1.98
wen- 4 104 143 317 300 998 | 1438 340 |-229
”—n—5 100 |142| 870 | 205 | 683 | 1428 335 0.43 a
”w—n- 8 102 140 | 39,9 199 665 | 1407 410 2.00
=1 104 145 | 427 1.98 662 | 1387 390 0.9 2
we—n- 3 120 142 | 451 2.00 667 | 1428 364 |-036
w—n-— 9 120 143 | 441 200 6.6 5 14388 382 0.35
n—n~10 118 142 | 443 120 399 | 1428 3.50 6.2 8
w-n-1] 116 141 | 448 119 397 | 1417 379 6.93
w—n =12 112 140 | 440 115 385 | 1407 3.8 2 766
w—n—13 11.0 138 | 452 .15 385 | 1387 369 | 682
n—n =14 11.0 136 | 472 0.73 245 | 1366 303 110
#oetr =15 11.0 136 | 472 0.72 242 | 1368 308 (1181
»-w=-16 108 136 | 464 0.79 265 | 1366 245 597
oo =117 102 135 | 449 0.87 296 | 1356 217 324
»-n-18 10.0 135 | 440 2.98 999 |.1356 288 |-451
#=—n =19 100 135 | 440 300 {1005 |[1356 264 |-496

-10-
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Table 2 Besults of burnout experiment
| {3 rod cluster , heated length } 600mm}
RUN P Ti  ATsub u Gx10™ hi apox10° | Xe
H (kg cnt a ] rcl (ci (msS] [kg/nfn} | [keal/kg] |[kcal AfR] | [%]

11-3— 1 115 157 | 287 | 298 977 | 1582 326 534
wo—n— 2 115 145 | 405 | 296 983 | 14538 355 371
” —w— 3 115 147 | 385 [ 296 980 1479 367 461
# = 4 105 149 | 321 2.96 9.79 1500 336 486
" —tr— 5 10.6 146 | 356 | 296 640 | 1469 280 744
" —n— g 11.2 145 | 390 | 193 641 | 1458 2.99 772
w—n= 1 118 145 | 413 | 193 641 | 1458 308 | 773
n—w— g 118 145 | 413 | 199 6.6 0 14538 301 6.84
”—n— 9 11.0 145 | 382 | 114 378 | 1458 224 | 1215
n—n—10 10.8 145 | 374 | 116 386 | 1458 237 |1306
#o—n=11 10.8 143 | 384 | 298 390 1438 224 |1129
#—n—12 10.8 142 | 404 | 338 387 | 1428 234 1220
#—w=13 190 176 | 328 | 301 957 | 1781 331 493
»—n—14 175 306 [1087 1770 _

#-4= 1 290 182 | 489 | 303 9.58 1844 333 149
w—n— 2 26.3 182 | 440 | 3038 | 874 | 1844 311 119
”o—n— 3 263 179 | 470 | 306 i 970 | 1812 351 233
w—n— 4 270 177 | 500 | 200 j 971 {1791 | 368 200
”—n— 5 217.0 179 | 480 | 1.96 9.77 | 1812 366 2.34
#—r= 6 260 180 { 450 | 200 638 | 1823 309 718
" —n~ 7 27.0 180 | 470 | 200 6.4 0 1823 350 7.07
" —n- 8 27.0 179 | 480 | 196 .25 181.2 314 722
w—n— g 275 177 | 6510 | 200 642 | 1791 312 581
# —n=10 280 178 | 510 | 1986 6.26 | 1802 308 6.14
» —n—11 27.0 177 | 500 | 115 368 | 1791 234 | 1185
w=n—12 26.5 177 [ 490 | 123 395 | 1791 244 | 1150
#—n—13 27.0 176 [ 510 [ 120 385 | 1781 2.4 1 1118
w—w-14 265 176 | 500 | 117 375 | 1781 240 [1120
n—n—15 265 177 | 490 | 126 404 | 17091 252 |1176
» —w—16 460 204 | 536 | 302 935 | 2079 2.8 8 233
”—n—117 437 205 498 |298 922 | 2090 292 |-085
n —n—18 415 205 | 464 |298 9.22 | 20090 288 |-002

-11=-
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RUN P Ti o&Tsub| u  Gxi0® hi 'qBOxlo""’ Xe

% [kg/cnt a] | [T] rc] [m/S]) [kegAf h) | (kcal /kg) | (kcal Afh] (%]
1i—4-19 420 203 491 3.08 955 2068 307 - 040
n—r—210 4 1.0 200 506 307 9.56 2036 | 326 0.02
p—n=21 410 | 200 506 | 210 6.5 5 2036 3.02 492
#—tr—22 400 | 200 | 492 | 208 | 647 2036 2.85 438
”et-23 400 200 492 | 201 6.2 6 2036 2.8 8 525
v—n=24 41.0 198 526 | 208 6.4 9 201.4 2.91 3.83
»—tr=25 415 198 | 534 | 204 6.3 8 2014 305 482
r—=n—325 4 1.0 197 554 117 367 2014 2.42 1214
#—n—27 415 196 5 64 1.21 3890 1993 2.36 1028
#—n=28 420 1956 561 | 123 3.86 1993 2.0 6 6.5 7
»—n=-29 415 195 564 | 121 380 1982 208 6.8 2
#—1—310 430 196 575 1.2 6 395 1993 250 1081

-19-
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Table 3 Results of burnout experiment
(3 rod cluster , heated lenrgih:QDDmm\

RUN P Ti  &Tsub u  Gx10” hi apoX10" | Xe
#, (kg /enia] [c] [c] Tm/S] [kegA* h] (keal /kg] | (keal /mi’'h] | [%]
11— 9- 1 6.0 120 | 381 288 | 979 1203 2.6 6 573
" - w32 6.3 |'120 |406 | 288 | 979 | 1203 2.8 3 6.06
”w— n- 3 132 | 156 | 354 | 297 | 975 157.2 2.8 3 7.4 4
- - 4 125 |[t48 | 413 | 293 | 962 1489 291 6.59
#w— w- 5 120 147 | 401 202 | 669 1479 2.22 857
n= - g 120 147 | 401 L97 | 651 1479 216 8.6 7
"= w- 7 120 147 | 401 196 | 648 1479 225 9.37
# - - § 115 147 386 12 372 1479 148 1229
n— u=- g 115 148 | 378 1.16 | 385 1489 1.64 1404
# - u-10 115 | 146 | 396 104 | 345 146.9 152 1427
= w=11 115 {144 (416 | 118 393 1448 1.83 1519
”— w=12 210 164 | 499 | 298 | 970 165.5 287 486
n— w=13 195 164 |464 | 298 | 970 1655 2.91 560
»— w14 21.0 163 | 509 | 293 | 955 1645 2.9 8 529
#— w=15 21.0 164 |499 | 195 6.3 2 1655 268 1134
n = n-1¢ 215 163 } 521 197 | 640 1646 261 1029
n - n=17 220 162 | 542 1.95 | 636 1634 273 [1093
n— n=18 220 160 | 562 112 | 367 1613 193 1585
m— w—19 225 161 [564 | L21 394 1624 199 {1481
w = =30 230 160 | 585 1.14 372 1613 198 1568

#— n=21 35.0 180 {614 | 295 | 943 1823

”— n=22 395 181 674 | 302 | 964 1833

11-12- 1 290 185 1459 [ 303 | 962 1876 2.8 1 527
#— -2 280 186 | 430 308 | 961 1886 294 6.7 7
» - w3 27.5 i81 470 306 | 974 1833 294 552
”w— n— 4 27.0 181 {460 ] 202 | 645 1833 | 248 1046
#~ n= 5 2175 178 |500 {202 |648 1802 2.7 3 11.62
#= w6 275 180 |480 {204 |652 1823 2.6 6 11.42
"= n= 7 26.5 177 |490 122 | 392 1791 2.09 1837
#e- u~ 8§ 265 177 |490 123 | 395 1791 2.12 1837
"= n— 9 2 6.0 173 |520 122 |[390 1749 225 (1998
w = n=10 415 197 |[544 | 308 |963 2004 289 352

-13~
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RUN P Ti  ATsub u  Gxig™ hi appx10”" Xe

- % (kg/enfal | [C] (t] Tm/S] (kgAfh]) (keal Zkg] |(kcal A7 h) (%]
11-12-11 4 0.0 198 51.2 307 959 2014 2.95 479
#o—n =12 425 198 | 548 308 960 | 2014 2.93 363
o= =13 4 2.5 194 588 2.03 6.3 8 1971 2.65 5.30
nw—w—14 400 190 | 592 2.0 4 643 | 1929 269 9.47
# = —15 400 190 5972 204 6.43 19249 279 1010
w—w =16 390 188 | 507 1.22 386 | 1907 225 1902
sro=n =17 380 187 592 .23 3990 1897 217 1767
# - =18 380 i85 612 1.2 2 3.88 187686 2.18 1762
# —r =19 355 181 612 .74 2317 1833 1.6 9 26.30
»w—n =20 350 181 | 604 | 075 240 { 1833 172 2671
wo—n =21 345 180 | 606 0.75 240 | 1823 1.76 2763
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Fig.10 Void fraction wvs. pressﬁre at various qguality by
Nishino - Yamazaki's equation
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