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Incipient Boiling Superheat and Critical Heat Flux in Liquid Sodium
- Effect of the Pre-pressure on the Heated Surface -

Masahiro SHIOTSU#*, Yasuyuki SHIRAT*, Koichi HATA**, Yuto TAKEUCHI**,
Katsuhiko HAMA*#* and Takaaki SAKAT***

ABSTRACT

Incipient boiling superheat and critical heat flux on a horizontal cylinder in liquid sodium have
been systematically measured to know effects of the history of experimental condition, the cold-
trap temperature, subcooling of the liquid sodium. The effect of pre-pressure on the heated
surface was confirmed in FY1997 to evaluate the effect of active cavities on the heated surface.

As aresult, the effect of the pre-pressure on the incipient boiling superheat was not observed
for the range of cold-trap temperature from 378K to 433K at the bulk liquid sodium teraperature
of 863K and 973K.

*  Graduate School of Energy Science, Kyoto Univ.

** Inst. of Advanced Energy, Kyoto Univ.
*** Power Reactor and Nuclear Fuel Development Corporation
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#£1 EREH
Run Psys Liquid i) Tsat(P) ATsub®Pp) Cold Trap
No. (kPa) Head (mm) (<Pa) I atger (K) | Temp. (5)

1 3.01 118 3.85 885.1 16.9 402

2 3.04 123 4.02 886.2 18.0 398

3 2.98 126 3.98 885.6 18.7 411

4 2.98 137 4.07 887 32.6 410

5 2.99 116 3.91 884.5 20.3 408

8 2.98 115 3.89 884.2 17.3 405

7 2.94 112 3.83 8832 20.5 400

8 3.01 200 4,60 894.9 31.2 398

9 2.93 183 4.38 891.8 22.6 393
10 2.96 194 4.50 893.5 31.7 392
11 2.99 205 4,62 895.1 30.9 378
12 3.00 200 4.59 894.7 31.5 378
13 2.97 197 4.58 894 25.8 378
14 2.95 195 4.50 893.4 37.2 398
15 2.89 177 4.30 890.5 21.8 403
16 2.99 198 4.56 894.4 81.8 400
17 2.98 195 4.53 893.9 27.4 405
18 2.99 99 3.78 882.3 15.8 406
19 3.00 202 4.60 . 854.9 37.7 388
20 3.08 202 4.66 895.8 36.6 388
21 3.00 204 4,62 895.2 27.0 380
29 2.96 199 4.54 894 27.8 380
23 2.99 208 4.62 895.1 35.9 381
24 2.97 191 4.49 893.3 25.1 384
25 3.01 103 3.83 883.2 15.0 383
26 3.00 08 3.78 882.3 9.1 398
27 3.00 99 3.79 882.6 22.4 413
28 2.96 200 4.55 894.2 29.0 409
29 3.00 198 4.57 894.5 30.3 397
30 2.97 193 4.50 893.5 26.6 385
31 3.02 206 4.66 895.7 31.5 403
32 3.01 210 4,68 896 31.8 403
33 3.01 207 4.66 895.7 82.5 403
34 3.00 208 4.64 895.4 30.2 403
35 3.00 205 4.63 895.3 29.1 403
36 3.00 208 4.66 895.7 37.5 403
37 3.00 213 4.70 896.3 32.1 403
38 3.00 211 4.68 896 32.8 413
39 3.02 212 4,71 896.3 32.1 413

—11
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#£1 EEREH ()
40 3.01 211 4.69 896.1 32.9 412
41 3.00 212 4.68 896.1 30.9 412
42 3.01 207 4.66 895.7 33.5 413
43 3.02 209 4.68 896 33.8 413
44 3.00 216 4.72 886.5 31.3 3563
45 2.99 218 4,71 896.4 . 35.2 352
46 3.04 2117 4.77 897.2 32.0 392,
47 3.04 218 4.77 897.3 33.1 392
48 3.00 212 4.69 896.1 34.9 393
49 3.03 218 4.75 896.9 33.7 382
50 2.99 218 4.72 886.6 35.4 363
51 3.01 212 4.70 886.2 33.0 392
52 3.00 212 4.69 896.1 32.9 392
53 3.00 202 4.60 895 395
54 3.00 201 4.59 854.8 21.6 382
55 3.00 177 4.40 892 26.8 382
56 2.98 203 4.61 895 33.8 399
57 2.93 202 4.54 894 30.8 389
58 3.01 205 4.64. 895.4 28.2 397
59 2.99 207 4.64 895.4 32,2 3987
60 2.99 209 4.65 895.8 32.4 397
61 3.05 214 4.75- 897 31.8 423
62 3.05 213 4.74 896.9 32.7 422
63 3.03 213 4.72 896.6 32.4 422
64 2.99 202 4.60 B94.8 33.6 423
65 3.00 200 4.59 804.8 30.6 423
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x1 EEBREH FE)
Run Psys Liquid P Tsat(Py) ATsub(P) Cold Trap
No. {kPa) Head {mm) kPa) ) at ger (K) Temp. (K)

66 13.84 2156 15.60 981.7 12.5 423
67 13.92 215 15.57 981.6 8.4 422
88 13.88 216 15.55 981.5 11.3 422
69 13.87 2186 15.53 9814 12.2 422
70 13.98 210 15.60 981.7 11.56 423
71 14.01 210 15.63 981.9 15.7 423
72 13.88 219 15.57 981.6 11.4 433
73 13.92 219 15.60 981.8 6.6 433
74 13.92 219 15.61 981.8 12.6 433
75 13.81 215 15.46 981.1 19.8 413
16 13.98 216 16.63 881.9 8.7 412
77 13.88 215 15.53 981.4 6.2 412
78 14.01 208 15.60 981.7 11.5 413
79 13.98 207 15.52 981.4 10.2 413
80 13.93 . 218 15.61 981.8 9.8 402
81 13.88 217 15.55 8815 11.3 402
82 13.95 217 15.62 981.9 8.7 402
33 13.88 216 15.54 981.5 9.3 402
84 13.98 206 16.56. 981.5 8.3 403
85 13.87 204 15.54 981.5 9.3 403
86 13.97 211 15.60 981.7 15.5 3g2
87 13.97 211 15.60 581.7 12.5 392
88 14.04 212 15.67 8821 12.9 392
89 14.12 212 15.75 982.5

g0 13.95 209 15.66 981.5 9.3 393
91 13.91 210 15.53 o814 12.2 394
92 13.90 211 15.52 081.4 10.2 383
93 13.97 211 15.60 881.7 12.5 383
94 14.00 212 15.68 981.9 19.7 383
95 13.99 212 15.62 981.9 9.7 382
96 13.94 212 15.57 . 981.6 9.4 381
97 14.02 211 15.64 982. 11.8 381




PNC TY9604 98-002

F1 EBREH BES)
Run Psys Liquid P, Tsat(P,) ATsub(P) Cold Trap
No. (kPa) Head (mm) (kPa) (K) atger (K) | Temp. ()

98 7.04 196 8.57 837.1 384

99 7.00 186 8.46 936.2 16.0 385
100 7.08 185 8.50 8365 26.3 385
101 7.03 205 8.63 8376 16.4 398
102 7.07 204 8.67 937.9 13.7 396
103 6.99 198 8.54 936.8 15.6 407
104 7.03 195 8.56 837 16.8 4086
105 7.02 201 8.59 937.2 15.0 413
110 6.94 198 8.49 936.4 28.2 412
111 6.99 200 8.65 837 17.8 411
112 7.00 197 8.54 036.8 146 424
113 6.98 197 8.52 936.7 14.5 434
114 6.90 196 8.43 936 15.8 422
115 7.00 198 8.54 936.8 431
116 6.92 187 8.46 936.1 12.9 431
117 6.94 187 8.48 836.3 13.1 432
118 6.93 201 8.51 936.6 16.4 402
119 6.93 200 8.49 936.4 15.2 403
120 7.02 199 8.57. 9371 14.9 402
121 7.05 201 8.62 9375 15.3 402
122 6.98 200 8.54 836.8 15.6 3%4
123 7.00 202 8.58 937.2 20.0 393
124 7.08 201 8.56 93718 15.6 392
125 7.00 202 8.58 937.2 16.0 384
126 7.00 200 8.56 937 14.8 383




PNC TY9604 98-002

£1 EBREH (E)
Run Psys Liquid P, Tsat{P,) ATsub(P}) Cold Trap
No. (kPa) Head (mm) (&Pa) 1629 atger (K | Temp. (K)
127 25.47 201 27.0 1026.6 10.4 430
128 25.91 201 27.4 1028.0 5.8 434
129 25.78 202 87.3 1027.6 5.4 433
130 25.62 200 27.1 1027.1 9.9 423
131 25.96 198 27.5 1028.1 2.9 422
132 25.91 204 27.4 1028.1 2.9 413
133 25.83 201 27.4 1027.8 8.6 413
134 25.89 201 27.4 1027.9 4.7 412
135 25.90 199 27.5 1027.9 5.7 412
136 25.93 208 27.5 1028.2 4.0 403
137 25.08 206 21.5 1028.3 5.1 403
138 25.96 206 27.5 1028.3 5.1 403
139 25.75 207 27.3 1027.6 6.4 394
140 25.86 205 27.4 1027.9 2.7 392
141 2b5.97 204 27.5 1028.3 3.1 391
142 25.76 204 27.3 1027.8 4.4 384
143 25.91 204 21.5 1028.1 5.9 384
144 25.93 204 27.56 1028.1 4.9 384
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PNC TY9604 98-002
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