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Problem definition 
BWR power limitations 
1. Heat flux delivered to water 
2. Dryout occurrence 

• Zero film flow 
• Non-zero film flow 

3. Film flow on the rods 
• Entrainment-deposition 
• Initial Boundary Condition 
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Applied Approach 
• Based on the physical phenomena occurring in the 

annular flow Whalley et al. (1974) proposed a 
mathematical model which allows calculation of 
the axial variation of mass flux of the liquid film 
along the heated tube 

• Various (around 30 so far) correlations for 𝑚𝐷 and 
𝑚𝐸 have been proposed. 

• In this work two correlations were used and 
compared. 

– Hewitt-Govan (1990) 

– Okawa et al. (2003) 
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Entrainment-deposition correlation 

Hewitt-Govan Okawa et al. 2003 

Entrainment 

Deposition 
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Experimental database 

03.01.2018 michal.spirzewski@ncbj.gov.pl 6 



03.01.2018 michal.spirzewski@ncbj.gov.pl 7 



03.01.2018 michal.spirzewski@ncbj.gov.pl 8 



Experimental database (cont.) 
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Calculation results 

• Statistical indicators 
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Calculation results 
Calculation results 
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Results in other 
publications 

• If we „zoom in” into the details of these numer (for 
CATHARE-3 at least), we will see that for different 
pressures, we have an interesting trend. With rising 
pressure, the results traverse from underprediction to 
overprediction 

• Gimeno et al. (2015) have compared predictions 
obtained with three codes: MEFISTO-T, GRAMP and 
SCADOP. In all codes the Hewitt and Govan (1990) set of 
correlations for the deposition and entrainment rates 
has been used and a single value of IEF = 0.7 has been 
selected. 

• To check the universality of the results presented in 
Table, similar calculations have been performed with the 
CATHARE-3 code, using the Hewitt-Govan set of 
correlations and employing a single value of IEF= 0.7. 

• In order to „tune” results to match the experiment, 
different value of IEF should be applied for different 
pressures. 
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Error compensation 

• Underprediction in one part 
compensates for overprediction on 
different part. 

• This happened when „good” mean 
error was achieved for Okawa et al. 

• Good global mean error can hide 
bad results 

• This compensation can occur in 
other plots. 
– vs mass flux 

– vs pressure  

P = 30 bar 

P = 70 bar 
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Sensitivity to Initial Entrained Fraction 
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Proposed IEF 
correlation 

• Dataset selection 
– smallest value of 𝐿𝑏/𝐷ℎ 

parameter for each possible 
combination of 
• Pressure 

• mass flux 

• hydraulic diameter 
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• For each of aforementioned 
combination an optimal IEF is 
estimated from IEF sensitivity. 



Improvement 
• Values of mean relative error for 

experiments with 
𝐿𝑏

𝐷ℎ
< 400 
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4 group classification 
1. Prediction error can be eliminated by 

choosing an optimal IEF  
(IEF correctable). 

2. Δ𝐼𝐸𝐹 > 0  but it is insufficient to match 
Qexp thus, Qcalc is always over-predicted  

(Always over-predicted). 

3.  Qcalc  is always under-predicted  
(Always under-predicted). 

4. Predicted critical power is insensitive to IEF  
(IEF insensitive). 

• Group 1 Area of current work 

 

• Group 2 contains cases where error elimination 
partially depends on IEF modication and partially 
on (E-D) rates models. However, the inuence of the 
latter is dominant. 

• Groups 3 and 4 represent cases where 
implementation of IEF would not improve results. 

• This indicates that other models should be 
employed. 
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4 group 
classification 
– Soderquist 

PDF’s 
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4 group 
classification 

– Becker 
PDF’s 
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Wurtz 300 / KTH 
validation 
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Okawa 2004 correlation 

• It will undergo the 
same validation 
procedure as the one 
presented 
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Further work 

• Further 
– IEF sensitivity for Okawa et al. 2004 and IEF 

correlation development. 

– More detailed analysis of 4 group classification 

– Other entrainment and deposition models to be 
analysed 

– Influence of hydraulic diameter on IEF needs to be 
analysed. 
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