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6 Quai Watier 78401 Chatou , France 
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In PWR plants, thermal fatigue can occur in energy cooling systems
which are subjected to cyclic stresses. These zones are generally
found in T-junctions where cold and hot flows mix.
Turbulent fluctuations create thermal fluctuations at the walls.

Introduction

Boundary condition (Jarrin et al. 2006)
Total velocity as a superposition of a mean velocity and 
a fluctuation term.                                              (Synthetic Eddy Method : SEM)

Effect of the inlet condition 
(X = 0.75D)

Results of the 2009 Vattenfall

The mean velocity is obtained using the Reichardt velocity
profile. The aij tensor is obtained from the Cholesky algorithm
using the Reynolds stress tensor.

<U>                                          

No SEM                   SEM

Synthesis of the influence of  the turbulent inlet
condition on the structure of the flow given by

Walker et al. 2009

Reynolds stresses (UWrms

X = 1.6D X = 2.6D

No SEM                   SEM Temperature fluctuation

Temperature velocity
correlation

Streamwise vorticity

The vortex center
moves 10 percent 
in each direction

Cold inlet

Hot inlet
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• Configuration used is that of OCDE/NEA Vattenfall
Benchmark made of Plexiglas (versions 2006 and 2009)
• Reynolds number is about 95000
• The mesh contains 6 millions of elements

Objectives
This study has two goals. The first is to demonstrate some results
obtained using the EDF R&D Code_Saturne applied to the Vattenfall Tee
junction benchmark (with a temperature difference of about 17
degrees). The second is to look at the effect of including synthetic
turbulence at the Tee junction pipe inlet (Vattenfall benchmark 2006).

Experimental setup and mesh

Vattenfall Benchmark Using the Dynamic Smagorinky model
Urms <W>                             Wrms

Large Eddy Simulation is used to study thermal fatigue in a T-junction, paying special attention
to the inlet condition. Simulations are carried out using Code_Saturne on the Vattenfall
benchmark configuration. The results indicate that inclusion of a turbulent inlet condition
modifies the T-junction flow and has a non negligible effect on the wall heat transfer.
Additional experimental data is needed close to the walls in order to assess the accuracy of the
values calculated in our study.

Conclusion
UWrms)

X = 2.6D
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X = 1.6D

X = 3.6D

X = 2.6D

X = 3.6D
X = 2.6D

X = 1.6D

Simulation with the SEM 
turbulent inlet condition





    

    

   

                      

            

 

    

               

          

 

   

      

   

       

                

               

              

                

               

                

                  

                  

                  

                

                  

             

               

               

            

                 

                

                 



 

         

         

          

        

        

           

          

         

          

            

       

           

          

         

 

    

  

            

          

            

           

          

          

           

           

             

      

            

        

         

        

          

          

         

           

          

         

           

     





          

             

  

          

   

           

           

         

            

         

          

            

          

          

        

         

         

           

          

         

         

          

          

            

          

         

        

       

          

        

      

       

     

        

         

          

             

             

            

           

        

         

         

        

            

        

        

           

          

          

        

             

            

           

          

            

            

             

         

          

        

         

           



     

        

         

    

     

           

          



   

 
 

      
 


 


 





 

         

        

 




         

            

        

           

           

            

          

         

         

   

       

        

    

  


     




  



 






          

       

              

         

             

            

          

         

          

  

  

         

         

         

  

                    

                        

              

                      



          

       

                       



                      

  

         

           

         

         

            



         

  

           

           

        

        

           

       

         

 



         

               



   


     

               

            

             

          

           

         

         


  

    




         


 




            

          

    

             








 









          

      

           

         

      


 

  



           


 

 

 



     


 

 

 



         

            

             

           

             

          

            

       

           

             

          

         

           



    

        

         

         

          

        

           

              

              



          

             

        

        

           

             

        

        

         

           

        

       

 

           

         

             

           

          

          

           

           

              

          

  

        

          

           

         

      

       

          

         

        

          

         

           

        

             

               



          

                

            

             



          

          

               

           

           

              

 

   

          

        

        

                

         

          

         

           

             

            

         

  

         

        

          

           

            

           

         

          

       

          

          

            

           

         

         

  

        

  

          



 






 




          

            

    

         



          

                    

        

  

           

          

            

          

     

  

         

            

           

            

        

         

            

           

            

         

           

           

            

          

             

        

           

              

       


    

          

          

         

           

        

        

     

     



     

  

    




 

      








          

 










                     



          

                   

              

          

         

         

          

        

        

       

           

             

   

         

 

        

          

         

           

        

            

          

           

           

           

           

         

            

         

           

        

       

           

         

          

         

         

         

          

         

         

        

          

             

        

   

        

         

           

           

      

          

           

            

           

              



          

            

            

   

     

            

         

   

    

           

         

           

          

    

    

          

           

          

    

         

             

          

            

            

             

          

          

            

          

            

           

              

 

         

         

         

          

      

         

          

            

          

            

         

          

        

           

        

           

         

         

            

         

          

           

        

          

         

         

          

        

          

           

        

         

            

       

      

           

        

           





          



        

     

          

          

        

  



              
           
        

           
         
 

         
        

        
            

       
            

             
         
      

           
         
        

          
         

             
           

            
           
         
   

              
        

           
         
    

              
          
  

           
          


          
          
          
          
   







    


      

        
    




        

       
       
        

       
         

       
         
         
        
        
        
       

           
        
            
         
        

    

 
     

          

     
    

         
        
       
       

         
      

            

      

          
       

         

        
       
       
      

         

        
          
         

    

  
        

         
          
           
         
          

        
          
     
         
       
 



  

       




  




 












 



  

 
 

 
    

 
        

        
   

      







  

     
      
         
   

        



     
       

 

 






          

       





 

 

   





      





   

      









 

    
 





 


    

   




















    




 


 



     


      
   

 
    


       

    



   

     



 

       

   











  

 




    


      



 

 

  





      



   

     



 

 

    
     


  

  


 

 













     




 






 

         

   

     
          

       

  





  

      

      
       

    
         

   

      
  

          
      
       
        
     

     
        
           
        
         





        
       

        
       
         

              

           

       

   







       

  









     

          
         

    
 






      

         
  


      

              
             
 

   
        

       
          
         
            

          
       

          
         

   

         

           
           
       

         
        
       
    

 

  



    

 



       
        
  

  

 

  
        

        
         
          

        
          



  
 



 

 

 

 

    
     
 
     

  
 















   
     
  
   

   

       
    

        
   

          



       

  
        

        
         
        
          
        
       
        
        
         
      

           
      

        
        
           
       
              

         


 

   


 

      

        
       
       
        
        
       
         
        
         
       
       
             
          
         
         
           
         
           
        

   

  
         

       

         
         
         
      
          
       
       

          



     
 

   
 

    
 

 
 


 

         


 

         

        
         
             

     
 

   
 

    
 


      


 

         


 

       


 

  



     
 

   
 

    
 


        

 
       

       

       
          

        
          
         
          
         
        
         
       
        
         
            
         
          
        
          
        
         
         

         
        
         
               
           
        
       
        
       
         
       
         
         
          
        
             
         
       
          


      

        
      
       
    



          
       
        
     

          

       
       

        
          
    

          

      
        

         
    

         
      

        
         
  

          
      

        
      
         

   
           

      
   







  







 

 

 



 

 

 





 

 

 



   
   

   
   

 
    

  

       

 





 





   



    

      

    

    


  


   







   


   
 

    

 









 












 

 

         

 



 




 



   


 



 



 




 



   


 



 



      



  

 





 
 



     
    

          

          
            


            

   
         

        

 
  

                
             
   
                
                   
                

 
              

               

                 

            
 

               

              

              



      

                  

      

       

                  



     

              
              
                 
                    
          
               

               

 
                   
                 
                 
                



      

              

             

      
                        



                
                
               

               


              
                



      

    

                 
                 

               
               
                

             

          
 

   

            
 



 



  



         

 


 





  









 


    







 
    

 

    


   


    







  


            
               
        

     


   

      

                 
                 



  


 




 











      


   

 

  


             



      

             
   

   

                 
      

           

 

      

  



 



   


 



   
 

  



 


   



 


   

 

                 
              
                  
               



   
        

           
    

    
                
                 
             
                  
      

   























































   























































               
     

     
                



      

       
                     
                

   
































   
































                 


                 


                      

     

  










































  












































   

              
 


        


         

                
              
        



      

  
















































  



















































 


         

 




















































































         
 

   
     

         

        


        

  
      

                 
                 
                  
      

         



      

     
  



   



  

           
         
         

    

              
                  
                       


              
   

 

    


               

           
  

            
     

             
           

              

       

           
     

                

        
               

         
               

         
















 














