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1. Introduction 

 
The multi stage analysis model has been applied to 

various core thermal hydraulic designs [1] and the fast 
processing analysis has benefited numerous analyses. 
However, the existing analysis method has been pointed 
out as multi stage model carries out two distinct 
calculations solving a single 1/4 assembly. In this paper, 
the single stage analysis model is proposed to solve 
subchannels of single 1/4 assembly and the difference 
between two models has been investigated. The 
subchannel analysis code, THALES (Thermal Hydraulic 
AnaLyzer for Enhanced Simulation of core) which will 
be applied to the core thermal hydraulic design of 
nuclear power plants is used [2]. 

 
2. Model descriptions 

 
2.1 Multi stage analysis model 

 
The multi stage analysis model is typically divided 

into two parts as shown in Fig.1. 
The core-wide or Stage 1 analysis determines coolant 
 

 
(a) Stage 1 

 

 
(b) Stage 2 

 
Fig. 1. Schematics of multi stage analysis model 

 
 

Fig. 2. Schematics of single stage analysis model 
 

conditions throughout the core on a coarse mesh basis. 
A core quadrant is normally modeled, in which the 
smallest unit represented by a flow channel is a single 
fuel assembly in stage1. The local coolant conditions in 
the limiting subchannels are determined in Stage 2. The 
several variables, such as pressure, flow rates, enthalpy, 
etc, are calculated in Stage 1 and are provided to Stage 
2 as boundary conditions. 
 
2.2 Single stage analysis model 
 

A core quadrant and the limiting subchannel are 
simultaneously calculated in the single stage analysis. 
The highest temperature assembly was analyzed by the 
units of each subchannels and the nearest channels of 
the surrounding 1/4 assembly were set to have lumped 
channel size of 2~3 subchannels. 1/4 assembly based 
subchannels were set to surround the boundary of 
lumped channels. The rest of the channels were 
analyzed as a unit of assembly. Fig. 2 shows the single 
stage analysis model which will be applied to next core 
thermal hydraulic design. 
 

3. Results and Discussions 
 

In order to compare the results of multi stage and 
single model, we chose representative thermal-hydraulic 
model and core operating condition as shown in Table I. 
Among various boundary conditions which affect the 
analysis difference between single stage model and 
multi stage model, mass flux is chosen as an example of 
influencing the analysis of minimum DNBR of limiting 
subchannels as shown in Fig. 3.  
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Table I: Operating conditions of core analysis model 
Run 

assembly  
# 

Pressure 
(psia) 

Inlet 
Temp. 
(oF) 

Mass flux 
(Mlbm/ft2-

hr) 

Core average 
heat flux 

(MBtu/ft2-hr) 
120 2415 595 2.0854 0.188251 
 

As revealing the character of multi stage model, the 
boundary conditions around limiting subchannels are 
applied as fixed and uniform values, or largely lumped 
values. However, when the single stage model is used, 
the limiting subchannels and channels around limiting 
subchannels are simultaneously calculated providing 
more realistic boundary conditions. Consequently, the 
results of the DNBRs of limiting subchannels show 
difference between two models due to distinct local 
conditions as shown in Fig.4. For new thermal-hydraulic 
analysis model, single stage model can be a 
recommendable candidate as the model processes the 
calculation more similar to full-core analysis, and 
provides better accuracy over multi stage analysis model. 
The more minimum DNBR differences between two 
models were observable with pin power distribution 
examples of higher deviation. Totally three pin power 
distributions are investigated as shown in Fig. 5. ‘Peak’ 
pin power distribution has the maximum pin of 1.550 
and local pin power gradually decreases from maximum 
pin to other locations of pins forming a contour line. 
‘Mid-peak’ pin power distribution has the maximum pin 
of 1.400. ‘Flat’ pin power distribution has the same pin 
powers over the 1/4 assembly. The averages of each 
three distributions are identical to the value of 1.360. 
Pin to node factor (P2N) represents the value of 
maximum pin power divided by average pin power. 
‘Peak’ pin power distribution can be considered as a 
distribution of high deviation, and on contrary, ‘Flat’ as 
low deviation distribution. 

As a result, high deviation pin power, ‘Peak’, 
produced the largest difference of 3.25% between multi-
stage analysis and single-stage analysis.  

 

 
(a) Multi stage 

 

 
(b) Single stage 

 
Fig. 3. Exit mass flux distributions 

 
 

Fig. 4. Comparison of the DNBR results 
 

 
 

Fig. 5. Minimum DNBR from three distributions using single 
stage and multi stage model 

 
The lowest deviation pin power ‘Flat’ produced the 

smallest difference of 2.78% between two analyses. 
 

4. Conclusions 
 

In this study, the single stage analysis model is 
proposed to improve calculation accuracy of multi stage 
analysis model. Based on the results, it could be 
concluded as single stage model conveying more 
reasonable accuracy due to the fact that lumped 
boundary conditions are replaced by individually 
realistic boundary conditions for analysis of local 
subchannels. In addition, the higher pin power 
distribution deviations are, the more minimum DNBR 
differences are founded. 
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