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Development of a correlation on the convective heat transfer of supercritical pressure CO;
vertically upward flowing in a circular tube
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In a SCWR

Abstract

(SuperCritical pressure Water cooled Reactor), the

coolant temperature initially at below the

pseudo-critical temperature at the bottom of a reactor core increases as the coolant flows upward through the
sub-channels of the fuel assemblies, and it finally becomes higher than the pseudo-critical temperature when it leaves
the reactor core. At certain conditions, heat transfer deterioration occurs near the pseudo-critical temperature and it
may cause a drastic rise of the fuel surface temperature resulting a fuel failure. Therefore, an accurate estimation of
the heat transfer coefficient is very important for the thermal-hydraulic design of a reactor core. An experiment on
heat transfer to the vertically upward flowing CO, at a supercritical pressure in a circular tube were performed at
KAERI. The internal diameter of the test section is 6.32 mm, which corresponds to the hydraulic diameter of a
sub-channel in the conceptional design proposed by KAERI. The test range of the mass flux is 285 to 1200 kg/m2s
and the maximum heat flux is 170 kW/m’. The inlet pressure is maintained at 8.12 MPa, which is 1.1 times the
critical pressure. A new correlation, which covers both the normal and deterioration heat transfer regimes was
proposed and compared with the estimations by exiting correlations.
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Fig. 1 Schematic of the SPHINX.
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Table 1 Test conditions.

Condition Unit Value
Inlet pressure MPa 8.12(1.1P¢)
Inlet e 5 .37
temperature
5 285,400,500,600,750,854,
Mass flux kg/m”sec 1000,1200
Heat flux kW/m” Up to 170
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Table 2 Compared correlations.”
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Table 3 Mean error and standard deviation of the
predicted Nusselt number from the experimental one and
fractional numbers of the data points within specified
error bounds.

Correlations RE. | Trp | 10% | 20% | 30%
Jackson & Fewster -3.9 | 45.8 | 25.9 | 46.7 | 65.0
Bishop et al. 1.4 | 462|295 |545|73.0
Krashchekov & Protopopov 84 | 514|268 |48.8 | 64.4
ngigssov Krashchekov &1 ¢ | 433 | 27.0 | 48.8 | 65.0
Swenson et al. -13.7| 51.7 | 12.5 | 29.7 | 48.9
Watts & Chou -145] 425 | 22.8 | 41.3 | 55.6
Suggested correlation -8.6 | 249 | 42.7 | 64.1 | 75.1
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Fig. 2 Variation of the ratio of Nusselt number
from the experiment to the eq. (2) as a function
of the buoyancy parameter B.
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Fig. 3 Comparison of Nusselt number between the
experiment and the suggested correlation.
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Fig. 4 Comparison of the predicted heat transfer
coefficient by various correlations and suggested
correlation against the experimental data.
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