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3. Stress Analysis 

 
3.1. Analysis using simplified temperature distribution 

 
For simplicity, the temperature is taken arbitrarily to be 

applied to the lower half and upper half of the pipe by top-
to-bottom temperature differential ∆T. This kind of 
temperature distribution is the most conservative case 
which is used by many engineers for simplicity when there 
is no available data from CFD analysis. 

 
3.2. Analysis using CFD analysis results 

 
The stress analysis is performed to get the thermal stress 

distributions in the surge line using the finite element 
model taken directly from the CFX model. Temperature 
distributions of the surge line are obtained from the thermal 
hydraulic analysis as shown in Fig. 2, and they are used as 
an input to the structural analysis to get the stresses.  

 
3.3. Results and Discussion 

 
The transient evolutions of the maximum equivalent 

stresses and deflections for 3 loading cases of in-surge, out-
surge and simplified temperature distributions are shown in 
Fig. 3. The maximum equivalent stress is found at the 
bottom nozzle of the pressurizer for all cases. Comparisons 
of maximum values of equivalent stresses and deflections 
for various temperature loadings are made in Fig. 4. 

 

 
Fig. 3. Transient evolutions of the maximum equivalent 

stresses and deflections for various load cases 
 

 
Fig. 4. Comparison of the maximum stresses and 

deflections for various load cases  

The in-surge case is more severe than the out-surge case. 
Upper half and lower half distribution of the top-to-bottom 
temperature differential in pipe gives the most conservative 
result for the deflection but the most unconservative result 
for the stress point of view.  

The maximum alternative stresses for all loading cases 
are summarized and their corresponding usage factors are 
calculated as shown in Table 1. As indicated in the table, 
the responses for in-surge case are almost the same as those 
for the out-surge case and they are more for stress and less 
severe for deflection than those generated from the simple 
application of the temperature half-and-half distribution in 
the surge line.  

Table 1. Summary of fatigue analysis 

Loading 
condition 

Maximum 
alternative 
stress (MPa) 

Number of cycles 
allowed (×103) 

Usage 
factor 

Out-surge 932/2=466.0 7.980 0.125 

In-surge 936/2=468.0 7.871 0.125 

Simplified ∆T 785/2=392.5 17.845 0.056 

 
4. Conclusions 

 
The 3-dimensional transient temperature distributions in 

the wall of a pressurizer surge line subjected to thermal 
stratification is calculated by CFD analysis. The thermal 
loads from CFD analysis are transferred to structural 
analysis code. From this information, thermal stresses are 
determined and ultimately a fatigue analysis is performed. 
In addition, the thermal stress and fatigue analysis results 
obtained by applying the realistic temperature distributions 
from CFD calculations are compared with those by 
assuming the simplified temperature distributions to 
identify some requirements for a realistic and conservative 
thermal stress analysis from a safety viewpoint.  
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