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Critical Heat Flux in Two Phase Thermosyphon

(Maximum falling liquid rate and Critical Heat flux)

Masanori MONDE, Yuhichi MITSUTAKE, and Takesi, HATAYA

ABSTRACT

An analytical and experimental study has been conducted of critical heat flux of a two-phase
thermosyphon, in which a liquid film and a vapor flow exist in a countercurrent annular flow.
The CHF point on the thermosyphon is proved to correspond to a maximum falling liquid rate
fed to the thermosyphon, which can be determined from three equations of momentum, its
partial derivative with void fraction, and mass balance in the thermosyphon. This maximum
point, furthermore, becomes identical to the point at which an envelope line generated from
momentum equation and its partial derivative, intersects the mass balance line. The CHF
calculated from the maximum liquid rate, is found to be in fairly good agreement with the
existing CHF data in a closed thermosyphon and the CHF data measured for open
thermosyphon.  Normal operation of the thermosyphon cannot be obtained at any liquid of
water, R113, and R22 for a small tube diameter of less than 2 mm within a wide range of L/D
= 4.8 to 960 and density ratio of pL/pc = 6.17 to 1602.

Key Words :Phase change, Critical heat flux, Thermosyphon,, Flooding, Flow Stability,
Maximum Falling Liquid Rate
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Table 1 Analytical range and related values

D P a Josmax® Ci C- Res ¢ Bo
ma| MPa
5 0.904 - 1.54 - | 0.00596 - | 0.104 - | 3670 - | 2.18 - | 3.98
0.912 1.67 0.00988 | 0.112 3880 | 2.36
Water| T 0.921 - 1.30 - | 0.00918 - | 0.0764 - | 5020 - | 2.17 - | 7.80
0.1 0.925 1.38 0.0124 0.0809 | 5240 | 2.30
9 0.931 - 1.16 - 0.0120 - | 0.0612 - | 6380 - | 2.19 - | 12.9
0.903 1.20 0.0144 0.0633 | 6610 | 2.28
11 0.938 - 1.06 - 0.0147 - | 0.0515 - | 7850 - | 2.22 - | 19.3
0.939 1.08 0.0162 0.0524 | B0OO | 2.27
0.1/0.895 - | 0.633 -| 0.0563 - 0.107 |8040 -| 1.42 | 25.0
5 0. 896 0. 637 0. 0578 8030
0.3| 0.890 0.502 0. 087 0.0576 | 9860 .19 | 3L7
0.5 0. 886 0.432 0.112 0.0452 | 11000 1.07 | 31.5
0.1 0.910 0.562 0. 0706 0.0736 | 11700 1.49 | 49.1
71 03 0.%02 0. 467 0. 0970 0.0400 | 15200 1.31 |62.2
RL13 0.5 0.897 0. 409 0.119 0.0317 | 17400 1.20 | 73.5
0.1 0.918 0.539 0.0739 0.0543 | 16300 1.62 |8l.1
9 | 0.3 0.910 0. 441 0.104 0.0312 | 21000 1.40 | 103
0.5 0. 904 0. 390 0.125 0.0251 | 24300 1.29 | 122
0.1 0.924 0.511 0.0792 0.0440 | 20900 1.70 | 121
11 0.3 0.915 0. 429 0.107 0.0256 | 27700 1.51 | 154
0.5 0.909 0.374 0.131 0.0211 | 31700 1.37 | 182
1.1 0.889 0.403 0.108 0.0291 | 11800 | 0.983 | 35.5
5 LT 0.879 0.336 0.137 0.0253 | 12500 | O0.876 | 46.3
2.4 0. 868 0.275 0.177 0.0234 | 12700 | 0.778 | 63.8
31 0.852 0.224 0.236 0.0230 | 12000 | 0.693|91.8
1.1 0. 896 0.375 0.123 0.0216 | 18500 1.08 |69.7
R22 7 1.7 0.885 0.307 0.163 0.0193 | 19200 | 0.947)90.8
2.4 0. 871 0. 246 0.225 0.0183 | 18000 | 0.822 125
31 0.853 0.197 0.317 0.0182 | 17500 | 0.721| 180
1.1 0.902 0.358 0.129 0.0176 | 26000 1.17 | 115
9 LT 0.892 0. 291 0.171 0.0160 | 26900 1.02 | 150
2.4 0.878 0. 229 0.241 0.0154 | 26400 | 0.869 | 207
31 0. 861 0.178 0. 359 0.0155 | 23600 | 0.739 | 298
1.1 0. 905 0.343 0.137 0.0152 | 33900 1.24 | 172
11 1.7 0.835 0.276 0.187 0.0140 | 34700 1.07 | 224
2.4 0.880 0.215 0.274 0.0136 | 33500 | 0.900 | 309
31 0. 860 0. 164 0. 427 0.0138 | 29400 | 0.754 | 444

The maximum points are calculated for seven different values of L/D= 5, 10, 30,

50, 100, 300, 500.

The change of values in each column is subject to the change in L/D.
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Table 2 List of existing correlations for CHF
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Table 8 Comparison of CHF measured and predicted

Comparison of Comparison of

Eq.21) Experimental data

Friction factor Present Eq.(21) Eq.23)

Present  Eq.(28) Analysis

0.102 0.086 0.018 0.094 -0.281
Total 0.143 0359 Total 0231 0199 0338
(224) 0.165 0.543 (214) 0.281 0.241 0.470

0.260 0.494 0040 0239 0.239
Water 0260 0494 Waler 0145 0239 0242
(28) 0.261 0.546 [¢5) 0176 0275 0.295

0.169  -0.207 0177 0.092 0448

RI13 0.169 0.207 RII3 0230 0168 0458
(84) 0.183 0.253 (10%) 0283 o2 0.591

0.013 0.440 0.149 0102  -0.136
RR2 0094 0440 R22 0237 0233 0209
(112) 0.110 0467 (101) 0279 0268  0.292

amm | m o m | mom m | g m m

‘The number of the parentheses is one of the referred data.
The experimental data are for two phase open thermosyphan.

Average eror :El-E(l-q_‘lq_‘yN

Mean deviation E,=L|1- ™
Standard deviation :;Eﬁ%%m

BEhBECED) BEAZHDTHE. TELT. £0
MATHER. CASh2BBREOMICICKEKE
LTHhad, BEOERE. i _HEBY1 7+ 0
BEBBERN. BRETHRETREZINEIE LS 2
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Zldo, MR TRESOARAR THERIZ. &
THERCOVWTR., BBRT. —FELKEKOWT
. BBESIORAERTRELTLWE I ENHSE,

5. KRERLOHUEK

MAEROZYBERETEILDIC, MHE (B 1
(HEBB) —HBIA 7+ VORFBRTRELELIICRE
NHEVWKREHTARE L,

Table 4 Experimental ranges

Fluid Water R113 R22

Pressure 0.1 0.1,0.2,03 1.1, 1.7,
MPa 0.4,0.5

Diameter 1.0,2.0,4.0,5.0,7.0,7.3,9.0,11.0,
mm 17.0

Heated 23, 25, 35, 55, 70, 85, 100, 110, 140,

length | 180, 200, 220, 250, 280, 340, 360, 400,
mm | 440,500, 720, 840, 880, 900, 960

438,50,5.8,9.6,100,19.2, 200, 38.4

LD 40.0,55.0,76.7, 80.0, 120.0, 180.0,

240.0, 250.0, 480.0, 960.0

g | 1602 | 204-500 | 250-617

‘The combinations of L and D are chosen for L/D set
to be equal to about 5, 10, 20, 40, 80, 120, 240, 480,
960.

Cooling Walter

Storage Tank

1. Pressure Vessel 2. Condenser 3. Thermocouple
4. Window 5. Heated surface 6. Bakelite for insulation
7. Tank heater 8. Electrode 9. Thermocouple

Fig.6 Main Part of Experimental Apparatus
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