
 
Science as a vocation and career 

__________________________________________________________________________________________________________________________________________________________________________ 

661 

  Keselj, V. (2009). Speech and Language Processing Daniel Jurafsky 
and James H. Martin (Stanford University and University of Colorado 
at Boulder) Pearson Prentice Hall, 2009, xxxi+ 988 pp; hardbound, 
ISBN 978-0-13-187321-6, $115.00. 
  Devlin, J., Chang, M. W., Lee, K., & Toutanova, K. (2018). Bert: Pre-
training of deep bidirectional transformers for language understanding. 
arXiv preprint arXiv:1810.04805. 
  Charte, D., Charte, F., García, S., del Jesus, M. J., & Herrera, F. (2018). 
A practical tutorial on autoencoders for nonlinear feature fusion: Tax-
onomy, models, software and guidelines. Information Fusion, 44, 78-
96. 
 Chen, Z., & Li, W. (2017). Multisensor feature fusion for bearing fault 
diagnosis using sparse autoencoder and deep belief network. IEEE 
Transactions on Instrumentation and Measurement, 66(7), 1693-1702. 
 Cui, B., Li, Y., Chen, M., & Zhang, Z. (2019, November). Fine-tune 
BERT with sparse self-attention mechanism. In Proceedings of the 
2019 conference on empirical methods in natural language processing 
and the 9th international joint conference on natural language pro-
cessing (EMNLP-IJCNLP) (pp. 3548-3553). 
 Zhou, C., Sun, C., Liu, Z., & Lau, F. (2015). A C-LSTM neural network 
for text classification. arXiv preprint arXiv:1511.08630. 
 Rodrigues Makiuchi, M., Warnita, T., Uto, K., & Shinoda, K. (2019, 
October). Multimodal fusion of bert-cnn and gated cnn representations 
for depression detection. In Proceedings of the 9th International on Au-
dio/Visual Emotion Challenge and Workshop (pp. 55-63). 

Odii Christopher .J. 
Tomsk Polytechnic University, Tomsk 

Scientific adviser: Korotkikh Alexander.G. 
DSc, Professor at Butakov Research Center 

METHODS OF CRITICAL HEAT FLUX PREDICTION IN SUB-
COOLED WATER FLOW IN VVER-1200 FUEL RODS 

Abstract. The prediction methods for critical heat flux (CHF) in sub-
cooled boiling is presented with the aim of finding suitable model to use in the 
prediction of CHF in VVER-1200. Various models are available in literature, 
including; experimental data collected over the past 40 year for rod bundles 



III Международная научно-практическая конференция  
«Научная инициатива иностранных студентов и аспирантов» 

______________________________________________________________________________________________________________________________________________________________________ 

662 

and circular tubes, look up table (LUT) developed for circular tubes with cor-
rection factors for rod bundles of different geometrical configuration, mecha-
nistic models developed to predict CHF independent of empirical terms and 
phenomenological simulation using state of the art codes and computational 
fluid dynamics (CFD). The relevant models include; mechanistic model (bub-
ble crowding model and liquid sub-layer dry-out model), Groeneveld and 
Bobkov LUT and empirical correlation methods applicable to high pressure 
(Bowring, Hall et al, Becker et al, Griffel et al, Katto, Tong-75, Mod-Tong, 
Levy, W-2, W-3, OKB Gidropress and Levitan-Lantsman methods). A demon-
stration of prediction accuracy of one of the correlation models was carried out 
using the Levitan-Lantsman correlation and validated by results of similar 
analysis on a VVER reactor. The Levitan-Lantsman correlation performed 
well when compared with LUT.  

1. Introduction 
The critical heat flux is an essential parameter in the operation of nuclear 

reactors, considering that it describes the heat distribution per unit area of the 
heated channel. One of the greatest thermal-hydraulic challenges is the predic-
tion of the point of departure from nucleate boiling in a reactor core. The crit-
ical importance of CHF in reactor operation and the lack of reliable mechanis-
tic models, prompted experts rely on semi-empirical and empirical correlation 
models and look up table [1]. One of the important reviews of CHF are the 
reviews by Yang B. W. et al [2], on the progress made in rod bundle CHF 
during the past 40 years and AbdulHameed M. et al [3] on empirical correla-
tions of CHF in rod bundles, they noted the independence of subcooled CHF 
on axial heat flux non-uniformity. They observed that the heated length is ac-
countable for the decaying of axial CHF and therefore should be considered 
during CHF computation using either the look up table or the empirical corre-
lations. The work done by Liu W. et al [4], noted that subcooled nucleate boil-
ing typically occur towards the outlet of a PWR reactor under operational state, 
and as such, departure from nucleate boiling is the CHF regime that is likely 
to occur because of the low equilibrium quality in the heated rod bundle.  

2. Prediction of rod bundle CHF 
CHF in rod bundles can be evaluated using mechanistic model, empirical 

correlation, LUT, simulation and experimental data. In this work, we applied 
the Levitan-Lantsman correlation to evaluate CHF for VVER-1200 rod bun-
dles. 

2.1 Calculation using Rod Bundle Correlations Validated by 
Groeneveld and Bobkov Look up tables 

The evaluation of critical heat flux, largely depends channel geometrical 
configuration and thermal properties of the coolant. The specific thermal-hy-
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draulic parameters include; pressure, equilibrium steam quality, mass flux, di-
ameter of the fuel rod, pitch to diameter ratio, geometrical configuration of the 
fuel bundle, power density distribution and spacer (grid or wire). In the evalu-
ation of DNB, the MDNBR plays a crucial role in limiting the operating power 
of PWR for safety purposes. This point was emphasized in the work of M. 
Amin Mozafari, F. Faghihi [5], where they employed three (3) methods to eval-
uate MDNBR OF VVER-1200 fuel rod. The three (3) methods applied include; 
the Westinghouse W-3 correlation, the OKB Gidropress correlation [6], and 
the Bobkov [7]; Groeneveld [8], look up tables. The result of their MDNBR 
evaluation using the Bushehr and Temelin nuclear power plants model ranged 
from 16.1 to 2.62. The W-3 correlation is written as; 
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Where qcr is the critical heat flux for uniformly heated channel in 
2/kW m , xeis the local equilibrium quality, p is the pressure in  MPa  and 

G is the mass flux in 2/kg m s Dh is the hydraulic diameter, hf is the liquid sat-
urated enthalpy and hin is the inlet enthalpy. 

 
The OKB Gidropress Critical heat flux correlation is written as; 
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The Levitan-Lantsman Critical heat flux correlation [9] is also a compact-
ible correlation for VVER reactors. Its prediction of MDNBR for VVER-1200 
is comparable to the work of M. Amin Mozafari, F. Faghihi. The correlation is 
given below as;  
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Other correlations such as Bowring, Hall et al, Becker et al, Griffel et al, 
Katto, Tong-75, Mod-Tong, Levy, W-2, that are applicable at high pressure 
condition were reviewed by Liu P. et al [10] 

2.2 Result of Calculation using Levitan-Lantsman Correlation 
The computed result is presented in Figures 1 and 2 (heat flux/Levitan-

Lantsman CHF vs fuel rod height; heat flux/Levitan-Lantsman CHF and 
DNBR vs fuel rod height). The Levitan-Lantsman Correlation, predicted the 
MDNBR for VVER-1200 to be 2.53 as seen on the graph in figure 2. The result 
is comparable to the results of various MDNBR for VVER reactors found in 
literature. The thermal properties of VVER-1200 reactor used in this work 
were evaluated using the Magnus Holmgren’s IAPWS Excel Steam Table and 
the plot were obtained using ORIGIN-2023. 

 
3. Conclusion 
The W-3, OKB Gidropress and Levitan-Lantsman correlation were pre-

sented. The Levitan-Lantsman correlation was selected for the CHF evaluation 
due to its good predictive power in evaluating CHF for subcooled boiling at 
high pressure and mass flux. With correction factors, it can be used to predict 
CHF in VVER-1200 rod bundles.  
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