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Prediction of Very High Critical Heat Flux for Subcooled Flow Boiling
in a Vertical Round Tube
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Abstract

A critical heat flux (CHF) prediction method using an artificial neural network (ANN) was
evaluated for application to the high-heat-flux (HHF) subcooled flow boiling. The developed ANN
predictions were compared with the experimental database consisting of a total of 3069 CHF data
points. Also, the prediction performance by the ANN was compared with those by mechanistic models
and a look up table technique. The parameter ranges of the experimental data are: 0.33<D < 37.5 mm,
0.002 < L < 4 m, 0.37 < G 5134 Mg/m’s, 0.1 < P < 20 MPa, 50 < Ahy, < 1660 kJ/kg, and 1.1 < qcyr <
276 MW/, It was found that 91.5% of the total data points were predicted within a + 20% error band,
which showed the best prediction performance among the existing CHF prediction methods considered.
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Table 1. Experimental CHF data for the HHF subcooled flow boiling
Parameter No. D (mm) L (m) P (MPa) G2 Ahgpin(kIk qcng(MW/m
(Mg/m’s) g )
Thompson et al. 541 1.14~375 0.04~197 2.1~19.0 0.7~7.5 49 ~ 1659 1.1~14.8
Becker et al. 101 6.0~ 10.0 04~3.0 3.04~20.0 0.37~6098 648 ~ 1384 1.05~7.48
Zenkevich 244 5.8~11.0 1.0~4.0 7.85~19.6 0.96~5.06 239~ 1617 1.05~7.29
Chen et al. 109 10.0~16.0 03~04 0.15~1.7 14~134 228 ~ 701 4.17 ~ 14.56
Boyd 23 10.2 05~1.17 0.45~1.6 1.14 ~7.45 544 ~772 1.53~11.5
Nariai et al. 14 6.0 0.1 0.1~1.5 4,59 ~ 8.69 245~ 671 8.5~22.1
Mudawar et al‘. 169 04~0.9 0.0045~0.03 0.25~17.2 5.0~134.0 322~ 1584 94 ~276
ENEA 1868 033~ 0.002 ~0.61 0.09~841 0.93~90.0 88 ~ 1018 3.33~228
Total 3069 %53§ ~375 0.002~4.0 0.1~20.0 0.37~134 49 ~ 1659 1.05~276
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Fig.1 Concept of Mechanistic CHF Models
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Table 2. Parameter ranges of the mechanistic CHF models

Celataetal. Weisman - Kwon-
[2] Pei [3] Chang [4]
Pressure (MPa) 0.1-84 2-205 2-20
Mass flux 900 -90000 972-3611  450-7500
(kg/m’s)
Diameter (mm) 0.3 -25.4 1.15-375 1-375
Length (m) 0.0025-0.61 0.035-3.6 0.035-6
Subcooling ATgpin< a<0.6 Ahggpin
2 <1660
klkg
Used constants No 3 1
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Table 3. Prediction performances by the mechanistic
models and ANN metho

Type No # RMS c
Celatactal. HMSD 843 0.92 20.8 19.1
[2] normal 2226 0.92 18.7 16.7
total 3069 0.92 19.3 174
original 2167 0.96 18.0 17.5
Weisman- HMSD 843 1.16 26.3 20.6
Pei. {3] normal 2222 1.21 28.9 19.7
total 3065 1.20 28.2 20.1
original 999 1.11 17.4 13.5
Kwon- HMSD 843 0.99 22.0 22.0
Chang[4] normal 2226 1.01 17.0 16.9
total 3069 1.01 18.5 18.5
original 886 1.02 104 10.0
ANN HMSD 843 1.02 18.3 18.2
normal 2226 1.025 10.9 10.6
total 3069 1.02 13.3 13.1
Look-up normal 1575 0.99 17.4 17.3
Table

Number of CHF data successfullv converged
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