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Development of a Double-Wall-Tube Steam Generator -
—DNB Test Data —

Naoyuki KISOHARA*1  Satoru NAKAI*2
Hiroyuki SATO*3 Toshio YATABE *2

Abstract

DNB (Departure from Nucleate Boiling) test were executed by a 1MWt Double-Wall-
Tube Steam Generator. This data report describes the temperature fluctuation of the
outer tube and sodium around DNB region. Furthermore, this report includes the
temperature fluctuation of the inner surface of the inner tube obtained by removing noise
of the original DNB signal and calculating heat flux of the tube, too. It also mentions the
influence of the test parameter such as water flow rate on 'DN_B period and DNB region
length. '
- All the DNB data described in this report were recorded by the data acquisition
system of the small steam generator test facility.

The contents are as followings -
(1) IMW double-wall-tube steam generator, test method and test condition
(2) The length of DNB region
(3) DNB temperature fluctuation of the outer tube and sodium (experimental data)
(4) The spectrum of DNB temperature fluctuation
(5) DNB temperature fluctuation of the inner surface of the inner tube
(calculation data)

% 1 Plant Safety Engineering Section, Sodium and Safety Engineering Division, O-arai Engineering Center
% 2 Reactor Engineering Section, Sodium and Safety Engineering Division , O-arai Engineering Center
* 3 Reactor System Evaluation Group, FBR Cycle System Development Office, Head Office
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88 D-3-7 TDNAD7 DN B4VER 15045 | TB2 - 24
89 D-3-8 TDNAOS | N alREE 330 15245 | TB2 - 25
90 D-3-9 TDNAOS A 15445 | TB2 - 26
91 D-3-10 | TDNALO 15645 | TB2 - 27
92 D-3-11 TDNAIL 15945 | TB2 - 28
a3 D-3-12 TDNAL2 16245 | TB2 - 29
94 D-3-13 TDNAL3 16545 | TB2 - 30
a5 D-3-14 TDNA14 ! 16845 | TB2 - 31




JNC TN9450 2001-004

£%2.2-3(3/3) FHATEEREEMAURE
&5 | sEEE | TagNo. [BHEE | m H B | A deg | BUHALE | S | W
96 | E-1-1 | TGSHOI t 3645 | B2 - 32
97 | B-1-2 | Tesmoz 5645 | TB2 — 33
08 | B-1-3 | TesHO3 7645 | TBY - 34
99 | E-1-4 | TesHo4 RS Gl=m | 30 9645 | B2 - 35
100 | B-15 | Tesmos | Som | 11645 | B2 — 36
101 | B-1-6 | TGSHOG B 13645 | TB2 - 37
102 | BE1-7 | TesEo? l 15645 | TBZ - 38
103 | B-1-8 | Tosmos 1 T7645 | TB2 - 39
104 | E1-9 | TosEos 60 18645 | TBZ — 40
105 | B-2-1 | Teupo: EHe7 ViR 964 | TB2 - 41
106 | B2 | teomn | SOEE | Fgeryum | %0 20838 | TB - 42
107 | 831 | TeEEM NN 18005 | TB2 - 43
108 | B3 16pog | S GHRE | ND—XEEH | 30 19705 | TBY - 44
109 | B-4-1 | TGFEODI 91104 | TBZ - 45
110 | B-4-2 | TerEoz | S GHEE | #KEH 50 2129 | TBZ - 46
1 | Bs51 | Tonont | 20445 | TBY - 47
12 | B-6=2 | renoop | S GHEE | NainEiR %0 20390 | TB2 - 48
13 | E-6-1 | TenIDI 1 1845 | TB2 - 49
114 | B-6-2 | Tonio2 " 1895 | B2 - 50
115 | B-6-3 | Tenios 1785 |82 ~ 51
116 | B-6-4 | Tenios ! 1750 | B2 - 52
17 | B-6-5 | 7enios | S GHE | NaADEHR T 1845 ] TBY - 53
118 | E-6-6 | T6N108 - - 1825 | B2 - 54
119 | E-67 | TeNIO7 1785 | B2 - 55
120 | E-6-8 | TGNIO8 l 1750 | B2 - 56
121 | B-1 | TeSTOI 1 893 | TBZ - 57
122 | B12 | T6sTOR 10 818 | B2 - 58
123 | B-7-3 | T6sTOR 768 |82 - 59
124 | E-7-4 | TGSTO4 ! 753 | B2 ~ 60
125 | B-1-5 | Testos | S CHE | RRLDER T %93 ] TBZ - 61
196 | E-7-6 | TGSTOS % 818 | TBY - 62
197 | E1-7 | TGSTO? 768 | B2 - 63
128 | E-7-8 | TGsTOS l 753 | TB2 - 64
129 | Es1 | TemEon He 7L A 1293 |83 - 1
130 | E-8-2 | remeog | SCGHEE mae | 1% 20819 | TB3 - 2
131 | F1-1 | Fwoon Hash 1 |ms- 3
132 | F-1-2 | FH0802 90 B3 - 4
133 | P13 | Pm203 |, 120 B3 ~ 5
13¢ | P14 | pmiges |FKEER | SEAEAD 180 | 21288 |qps . g
135 | F-1-5 | FW2105 210 83 - 1
136 | F-1-6 | FW3306 330 |- s




$02-4(1/2) DNBESENOBEBERE (1992465 SHAERER)

RENET WIEREA WIEREB |RENEST WERRA HERKEB |HABENES WEREA WERESB
TDNAO1 -0.005327 0.09605X10-2 | TDOSO1 -1.412 0.08787X10-2| TDISO1 1.892  -0.5126X10-2
TDNAOZ  -0.08066 0.3534X10-2 TDOS02 -0.9777 0.4203X10-2 TDIS02 0.23 -0.3885X10-2
TDNAO3 0.2695 0.3042X10-2 TDOSO3 0.6255 | -0.4297X10-2 | TDIS03 0.3345 -0.3225X10-2
TDNAQO4 -0.1493 0.3277X10-2 TDOS04 -0.9203 0.3536 X10-2 TDIS04 0.728  -0.4679X10-2
TDNAOb -0.2454 0.2590X10-2 TDOS05 -0.9805 0.1545X10-2 TDIS05 0.7145 -0.5493X10-2
TDNAOG6 -0.165 0.17563X10-2 TDOS06 007829  0.1653X10-2 TDIS06 0.9858  0.4995X10-2
TDNAOQ7 -0.4331 0.2123X10-2 TDOS07 -1.176 0.3411X10-2 TDISO7 0.4566 -0.3108X10-2
TDNAOS 0.227 0.3473X10-2 TDOS08 -0.7498 0.4064 X10-2 TDIS08 -0.1054 -0.3603 X10-2
TDNAOS 0.6409 0.2985X10-2 TDOS09 -0.2315 0.2599X10-2 TDIS09 0.3539 -0.3811X10-2
TDNA1Q 0.6751 0.1936X10-2 TDOS10 0.15661 - 0.2165X10-2 TDIS10 1.26 -0.5687 X10-2
TDNA1l 0.7476 0.1802X10-2 TDOS11 0.4512 0.06967X10-2| TDIS11 0.1394 -0.4736X10-2
TDNA12 0.5128 0.1690X10-2 TDOS12 0.1728 0.2173X10-2 | TDIS12 -1.734 -0.3564><10:2
TDNA13 0.3736 0.2190X10-2 TDOS13 -0.08724  0.1734X10-2 TDIiS13 -1.51 -0.2437X10-2
TDNA14 0.5049 0.09997X10-2 | TDOS14 -0.268 0.09200X10-2| TDIS14 -1.041  -0.3481X10-2

¥00-100Z 0SP6NL ONI
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$62.2-4 (2/2) DNBRE#HEBOEBERHEMRE (1995F11 A RERERER)

MENES BIERKA WEREB |ABNES WERKA WHERKB |AEBEXNES WEMREKA WEMRESB
TDNAO!  0.04605 -0.07564X10-2 | TDOSO1 -0.247  -0.2779X10-2 | TDISO1L 2.116  -0.6045X10-2
TDNAO2  0.01254  0.2582X10-2 | TDOS02 -0.3847  0.07996X10-2| TDISO2 --0.06706 -0.2963X10-2
TDNAO3  0.2253 0.2141X10-2 | TDOS03 0.6515 0.2820X10-2 | TDISO3  -0.09065 -0.1586X10-2
TDNAO4  -0.1746 0.2183X10-2 | TDOS04 -0.63 0.2453%X10-2 | TDISO4  0.02195 -0.1971X10-2
TDNAO5  -0.9327 0.4111X10-2 | TDOSO5 -1.095 0.3334X10-2 | TDISO5 0.4052 -0.3926X10-2
TDNAO6  -0.4471 0.1707X10-2 | TDOS06 -0.747 0.3838X10-2 | TDIS06 0.4822 -0.3526X10-2
TDNAQ7  -0.6736 . 0.2567X10-2 | TDOSO7 -0.6409  0.3247X10-2 | TDISO7 0.6859  -0.3940X10-2
TDNAOS  -0.1796 0.4183%10-2 | TDOS08 -0.1431  0.1736X10-2 | TDISO8  -0.05806 -0.3735X10-2
TDNAOS  0.6594 0.2258X10-2 | TDOSO9  -0.05543  0.2589X10-2 | TDISO9 04335 -0.2386%X10-2
TDNA1O0  0.1262 0.2807X10-2 | TDOS10 -0.104 0.2586X10-2 { TDIS10 0.5401 .-0.3485X10-2
TDNA1l  0.5996 0.1558%X10-2 | TDOS11 0.7462 0.1482%X10-2 | TDIS11 1.016  -0.3795X10-2
TDNA12  0.6598 0.5552X10-2 | TDOS12 0.5525  0.03414X10-2} TDIS12 -2.387  -0.3563X10-2
TDNA13  0.4159 0.1081X10-2 | TDOS13 =~ 06922  0.04006X10-2| TDIS13 -1.697  -0.4342X10-2
TDNA1l4  0.6172 0.1123X10-2 | TDOS14  -0.2094  0.0221X10-2 | TDIS14 0.27562  -0.2430X10-2
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3 DNBHERSEMEHER

3.1 DNBEEREITERER
REREMB L UEOEREL RS 1LIIRT, TR L LTEBT — ADBO1DSVER
B, F PU T AB LUNENREORERORT 2 TN FRS.1-1. K3.1-28 L UF
3.1-31TR7¢ . B3.1-11Z1% DNBHIS(TDIS04) & DNBIEFAMTDIS01, TDISO7)DHVE N ER IR
EiREN %975, DNBIEEBTIZH L DICIRIBAKRE L 2o TWA Z LI ERTE 5,
SRR — A OIVEREREICOWTIE LIEICERT 2. |

3.2 DNBHRERSHERR

DNBEERE SHEHER2ZE32- LT L DD, 7, BBRBERO—FAL LTURET—5
ZE8.2-LISRTA, F M) ARERZHRAICEPEEBIC L7245 T, DNBAD LH~
BEIS 5720, BEXNTDISO4DAES & TDISOITRAT L TV BT HERE TE 5,



£23.1-1 DNBEEREERESR

TRy AE K - A
B2 | g | ADRE|BORE|) 757 | KE | HERE | RARE | Z5IRE | #BKED |ZFED | DNB/#Y7 | DNBEWRE
t/hy | (C) (C) (t/h) [(kg/nfsec)| (T} (C) (kg/c) | (ke/cm) (=) (kcal/m’hr)

DB-01 |[13.63| 538.1 320.9 1.61 440 239.7 51b.4 133.1 132.5 0.603 457000
DB-02 | 10.78| 5274 316.3 1.3 354 239.1 518.3 132.4 132.56 0.66 438000
DB-03 833 | b36.4 3165 0.99 270 239.2 625.5 1321 132.4 0.715 459000
DB-05 | 14.54 ) 540.6 336 161 440 238.9 523.8 150.8 150.2 0.5621 447000
DB-06 |11.79 h36 331.7 1.3 355 238.9 527.3 150.2 | 1560.3 0.652

DB-07 | 862 | 537.7 | 325.2 0.99 270 239.1 527.5 150.3 150.5 0.668 417000
DB-09 |13.25| 5355 313.56 1.61 440 239.5 507.9 128 1274 0.689 501000
DB-10 |10.53| 5354 308.3 |77/ HI| 1.3 354 239.1 514.5 1253 125.2 0.66 505000
DB-11 | 7.71 | 5384 | 2985 |(LOA%E)| 0.99 269 239.2 525.3 109.9 110.3 0.727 501000
DB-13 | 16.64| 5014 330.9 1.61 439 239.4 481.8 133.1 132.4 0.687 459000
DB-14 13.7 | 502.3 332.8 1.3 3bb 239 489.7 132 132 0.656 467000
DB-15 9.54 | 500.9 316.4 0.99 270 239.3 488.5 132.3 132.6 0.713 411000
DB-17 | 17.92 ] 502.7 3434 1.62 | 441 2394 491.1 151.2 150.7 0.589

DB-18 | 13.65| 503.8 336.3 1.3 3556 238.1 492.7 150.1 150.2 0.609 437000
DB-19 [10.35| 502.8 332.8 0.99 271 239.1 494.6 1505 150.6 0.667 386000
DB-20 6.72 | 5024 321 0.62 187 238.8 495.7 149.9 | 150.2 0.734 362000
DB-21 |[15.41| 5005 316.8 1.61 439 239.3 474 121.2 120.5 0.646

DB-22 | 12.33| 499.6 313.8 1.3 354 239.1 479 124.4 1246 0.677 465000
DB-23 8.88 | 500.8 300.9 0.99 269 239.1 490 110 110.3 0.832
PDNB132| 17.44 | 500.3 | 338.4 1.62 736 238.7 465.8 134.7 132.9 0.555 522000
PDNB142| 13.54 | 498.9 333 | 7T74] 1.28 582 239.9 472.8 133.6 132.7 0.606 472000
PDNB1S | 9.87 | 500.5 330.8 | (64) | 0.94 428 239 487.9 150.5 150 0.679 418000

700-1002 0S¥P6N.L DN
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#3.2-1 DNBEERIATECHER

BEES Atz | At1 XTC X \Y% DNBFIRE &
T/CHIEERE DNBR BB

min min mm mm mm/se¢ mm
DBO1 | 313 | 264 300 258 9.60 46.9
DBO2 | 270 | 229 300 | 254 11.1 45.8
DBO3 | 201 | 160 200 159 9.94 41.0
DBO5 | 419 | 379 300 | 27 7.16 28.7
DBO6 | 240 | 195 200 163 8.33 375
DBO7 | 276 | 171 200 | 124 7.24 76.0
DBO9 | 258 | 230 300 268 11.7 32.0
DB10 | 249 | 219 300 264 12.1 36.2
DB11 | 183 | 138 300 226 16.4 74.0
DB13 | 893 | 360 300 275 7.64 24.8
DB14 | 245 | 203 200 | 166 8.18 34.4
DB15 | 243 | 185 300 228 12.4 72.2

192 | 15.6 300 244 15.6 56.3
DB17 | 363 | 306 300 254 8.28 46.5
DB18 | 429 | 363 300 254 6.99 46.2
DB19 | 129 | 114 200 177 15.5 233
DB20 | 226 | 169 200 149 8.84 50.8
DB21 | 294 | 261| 300 | 267 10.2 332
DB22 | 271 22.1. 300 245 111 55.3
DB23 | 168 | 983 200 117 11.9 83.0
PDNB132 | 32.6 | 282 300 260 10.6 40.1
PDNB142 | 39.9 | 324 300 244 7.52 56.4
PDNB19 | 315 258 300 246 9.52 54.3
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