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Abstract: Most CFD codes, that mainly adopt the heat partitioning model as the wall boiling model, have
shown low accuracies in predicting the two-phase flow parameters of subcooled boiling phenomena under low
pressure conditions. In this study, a number of subcooled boiling experiments in vertical channels were
analyzed using a thermal-hydraulic component code, CUPID. The prediction of the void fraction distribution
using the CUPID code agreed well with experimental data at high-pressure conditions; whereas at
low-pressure conditions, the predicted void fraction deviated considerably from measured ones. Sensitivity tests
were performed on the submodels for major parameters in the heat partitioning model to find the optimized
sets of empirical correlations suitable for low-pressure subcooled flow boiling. The effect of the K-factor on
the void fraction distribution was also evaluated.
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Table 1 Submodel of major factors in heat partitioning model of CUPID code
Factor Symbol Unit Author Correlation
Nucleation site density N #/m” Cole™" N" =[185(7, — T,,)]"*"
Bubble depart Ay =1.5x10"" /2 Ja"/"
ubble departure d gy mm Cole and Rohsenow*” o 94p
diameter *
Ja :qu)lTsat/Pghfy
Bubble departure @ _ [494p
frequency f Vsec Cole / 3d zp,
K-factor K - Kurul and Podowski®” 4

Table 2 Geometry and conditions of Christensen’s and Bartolomey’s experiment

Publication | Geometry (mm) | Height (mm) P(bar) ¢’ (kW/m’) G(kg/m’s) AT (K)
Christensen” Rectangle 1270 27.6 - 68.9 | 212.8 - 496.6 | 640.9 - 9402 | 2.9 - 14.4
11.1 x 44.4
Bartolomey® gfrczlz 2000 15 - 108.1 | 380 - 1130 | 900 - 2000 | 22.6 - 91.4
Table 3 Test conditions at high-pressure experiments
References | Case No. P(bar) ¢ (kW/m®) G(kg/m’s) T,(K) AT,(K)
0 1 27.6 212.8 646.9 4937 8.7
2 68.9 496.6 807.7 545.9 12.1
o 3 30 380 890 483.15 25.0
4 45 380 890 504.15 24.0
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Fig. 1 Predicted void profile and Christensen’s
data for case 1
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Table 4 Geometry and conditions of Zeitoun’s and SUBO experiment
Publications Geometry (mm) | Height (mm) P(bar) ¢’ (kW/m®) G(kg/m’s) AT(K)
Annulus
: 3) _ _ _ _
Zeitoun D 127, D, 25.4 306 1.1 - 1.68 | 210.0 - 603.2 151 - 412 13.1 - 235
Annulus
(@) _ _ _ _
Yun et al. Ds: 9.98, D,: 355 3087 1.551-1.621 | 373.6 - 565.7 | 1113.8-2093.2 | 17.2 - 29.6
Table 5 Test conditions at low-pressure experiments (near atmospheric)
References | Case No. P(bar) ¢’ (kW/m?) G(kg/m’s) T,(K) AT (K)
3) 5 1.23 478.5 283.1 358.97 19.7
6 1.14 210 188.9 365.09 11.4
™ 7 1.616 473.7 1124.7 374.65 17.8
8 1.551 373.6 1122.9 374.25 17.2
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Table 6 Submodels for major factors in the heat
partition model of CUPID code

Major factor Author
Cole®”

Nucleation site Lemmert and Chwala®
density Hibiki®

Kocamustafaogullari and Ishii®

(22)

Cole and Rohsenow
(26)

Bubble departure

. Fritz
diameter >
Tolubinsky( )
Bubble departure Cole®

frequency
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Fig. 10 Results of sensitivity analysis for case 5
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Fig. 11 Results of sensitivity analysis for case 6
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Table 7 Submodels for major factors selected for

sensitivity analysis

Nucleation site

Bubble departure

Name density diameter
Default Cole Cole and
Rohsenow
M casel Cole Tolubinsky
M case? Lemmert and Cole and
- Chwala Rohsenow
M_case3 Hibiki Tolubinsky
M cased Kocamustafaqgullarl Fritz
- and Ishii

Table 8 Comparison of Avg. error and RMSE for
void fraction

Case5 Caseb
T G e | DE ) R
Default 0.128 0.137 0.081 0.093
M_casel 0.035 0.039 0.028 0.034
M case2 0.128 0.137 0.080 0.093
M_case3 0.012 0.015 0.024 0.035
M case4 0.011 0.012 0.022 0.029
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Table 9 An optimized set of submodels for low-pressure subcooled flow boiling (M _case4)

Factor Symbol Unit Author Correlation
NN 7111 /DBd
where
*—4.4
np - f( )
Nucleation si K tafaogullari 0= Aol
ucleation site " 2 ocamustataoguliari X Cn ok #\4.13
density N #im and Ishii® Flp')=2.157x10"Tp" *2(1+0.0049)")
R * _ UDBd Tﬁat
¢ pgh‘fg( Tur - Tsat)
Dy, =0.0012p "Dy, 1
Dy, - Bubble departure diameter by Fritz*”
Bubble departure . [ o
d =
diameter Bd mm Fritz dBd 0.02080 gAp
Bubble departure @1 4g9Ap
1 l = _—
frequency ! fsec Cole / 3d papy
K-factor K - Kurul and Podowski®” 4

Table 10 Test conditions of Zeitoun’s experiment for validation of new submodels

References | Case No. P(bar) ¢’ (kW/m®) G(kg/m’s) T1(K) AT (K)
9 1.5 705.50 411.70 362.02 22.5
3)
10 1.25 598.3 288.7 355.64 23.5
06 T T T T T T T T 0.6 T T T T
hd Exp. CUPID L/Dh Exp. CUPID L/Dh
05- & 7T @IS m —— 184 | - 0.5 . —— 184 | 1
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A * N A - 68.2 A .- 68.2
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Fig. 14 Simulation results for radial void fraction
distributions using the modified models for
case 7
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Fig. 15 Simulation results for radial void fraction
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Fig. 17 Axial void fraction profiles predicted from
the default and modified models for case 8
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