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 


















































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


























































 
 


         
        
          
 
 
         
         
   
 

         
          
       
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
           


      











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






           

          


 
      






   
 

             
      


         

             



        
           
          


         
        
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




                


              

































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





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













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








         





           
 

        

         




 
 

 

 


 

 

     






 

 

 

            
 

          

          
   














 









           




 


 

        
 


         




      
         




  





 


 


 


 










 


               





 

 


 

          
 


 

          
 


 


 


 





 

      
   

               
   

 










  

           
  


        
           





        
         




         
 


              
 



          
                 
 



          
 
 




 

      






           

          














        
 

      






           

          




         

       
           




        
       
 




  

            
  

        
            




         
  

    
  

          











           
        
           


         

           
        
           





 

 

 


          
          




         
    
            
           





           
 



             
 

            
             













 














 


  

         
           
               




         
           
               




         
           
               




       
          





          

    




          

    














          

    




         

   




         

   




         

   




       
       





          
 




          
 




          
 




           
       
            

























        
          




         

  




         

  




         

  




       
          







     
             




            
 
 



            










          



           





 


 

           
       




         
   

   
          
 




         
   

   





       

 




           
       




         
          
           












       
            
 
 

         
          
           
       

            
 



       

 




          

             

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Figure D6 – Pipe cross section profile of the 3D Turbulent Kinetic Energy (Left) and 

Turbulent Dissipation Rate (Right) for an increase of 20% in the standard value of  
(Top) and  (Bottom) for a flow velocity of  .
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 




           










 

           





          














     




 

 






        




 
   

          














             




 
          
          
         
 




           




        





 

 

 

 






        
            









 

 

 

         




        




        
   




         










   






 

 

           
       






















  












 
 
 
 
 
 
 
 
  
 
 
  
 
 
 
 
 
 
 


 
 


 
 
 
 
 
  
 
 
 
  
 

  
 
 
 
 
 

  
  
  
  


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




 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 












 
  
  
  





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


 
 
 
 

   


  
 
 
 
 
 
 
 


 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

  

 
 
 
 
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 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
  


 
  
 
  
  
  
 
 

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 









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 




         
           


 


        
    
        
        
         
          
        


         

         
          



          

         

        
          
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




        



         
         

        


           
        
       
         
   
      

          



         
         
         
         
       

   
          
          
        






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 

         
         




         
        
        


      



       
       
       




      
       



 
         


          
      


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




 






        
  
      

 

         

        



       
        
       



         


           


           



          
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






         
          




          




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 

            
      


         

         
          
        



        



        
        
       

       


 


          
           
           
    


         
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        




            
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 


 

       




         


 
      


          
            


          
          

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          


            
          




 
 
 
 






      
             
          
  
 

              



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
           
          

 



 

         
          


         

            


   
         
         
        


          

 
           
  
        

      





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            


        
             

       


       
         


 

 

          
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          
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         
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            
         

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



         

    
         

        
        
           
          
          
           
       
        
 
          
          
       
           
         
         
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       
             
          
       
          
       
        

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




       
         
        
   
          

       
        




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         



              
           


 


            
         
          
  


 


          



      


 

          

  
       


           
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




   
          
     







            


      
          
          

          


          
           






          

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













 


 


 
 




 
 





 
 





 
 



  
 


 


 
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



            
           


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





         
         
        

         
      

           
       




 

         
     

            







          

           
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




      
          




    
 

      
         


          
        

            




            
           


          
         



           


     










    


      

       

  

       

         
  
       
          







     



 

     



 





          


     
        
          
          
         
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


          




         



            
           

       
          



            
          




        




      
      

          
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        

        
         
          

         

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           
        
         

            
        


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    


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      
          


        
        

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          
            
          



           
          

          
       
         
   
            
        

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             
           
         
         

          
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
        
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      




           
          
         


           


   
         
           

          


            
         
         
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











 

         
         
         
        . 

         
          
          
          
            


   
      


           
       

       

        
        
          
        
     




 
        










       
      
        
         
       
       
         

            

         


         
         




           
         
      


         
       

        

           
         
        
         
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

        
        


  
           
       
        
          



         

 


           
         



         
        
        
      
        
        
     

       
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           

        
         
         
         
   
         
          



       

        


         
         
          
       





          


          
           











 

         
             
           






        
          
            
         






 

          
     


        

         


 













        
         


 

               
            
           
           


         


           

         




  
          

 
          


          
      
         
        
       
         













           
          
     
       
 
          


         


           

         
         
          



        
         
        
       

          
          
         
          
          
        
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         
       
         

          

          
        
         


 

         
        
         
         

         
      


        


 


       




           
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
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         
 

              
 


  


   


  



 


        
          


           
          



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  
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 
 

              



          
       
    
        
   
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

 
         
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            


  
          
         
          

          
         



     



   
           
          
    




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


       
         
         


 

         
         

          


 

          

             
           
        


            







            

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





          

          


 



 

          
         

        
 
   
              



 

        


      

             
           
          
        
      
          

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




       
      
          
         
          

     




 


         

          
           
 
         
        
        
         


       
         


         
       











 

         
           

   

         

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    
           

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         
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          

             
          
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
        
         

           
     


            
         
       
     

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       
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          
           

           
     
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

            
         
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
             
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
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      
        
         
      
        
      

         

          
          
       


            
   
           
            

          
       

            

         
              

         


        
          

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

        
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


         
  

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

        
     
       


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




 



          
         
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        
          


     
            









  

  




 

  

 

         
         


 

      
        




        

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  

          
      

            
       
       


           
       
         
          
       


         
 




 
         

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
           
           


            

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



 


          














           

           

         







         


        










           
         


          









      


















 


  


      

       

      

       

             
    


            










           
           
          


            













    
        
        

a 

b 










   
          
            












 







a b 










        

         
        


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




 


         
           

         
       
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         
        

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










 

         
             


           
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         
        

 

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
          
        

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   



 



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 


          
         

         
          
       

         
  


          
   


 
       
        
       

  
      

         

  
         

          
         
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         
          
          
  

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
         
         
  

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        





            
    
            

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   
          

         

          

          
        
        

          
          

        ×    

          
         
         

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 
           

        
         
          
           



        
  
          


           
        
  

         

         
    

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
          
        
        
          
          
          
         
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



       


 

 

          
         
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

 


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




          
   
            
   

           













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





          
            



          
  
 
      
         
           







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











          
          
      


          
   

           


 

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









 

           
           
          







  

   

   




  

   

         

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






 


      


   

    


           
            
          



 
          


 


 




       






         











       
    

   


 

   
           

            
            


          


°

  
  °          
    

           

















        


   
  

       

  
        



 




 

   

         


            
           
           

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            






 
 
 



        
   °  

          



             
     





          
        

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 

        
         

          

          
         

       


 

           


     


      
           



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




             
            
        
          
             
           



          
           


 



          
          












          
        


   
        
        


           

  
          



          
       
        
       
           





           

        
            
          
         
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
          
         


            
             

           
 
            

          
     



         

          
      
          



            


 

 




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


          
      


iii. 
 

 

 

       
      


 

 

 

         


       
      






         
           


         

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




    
 


     

       


    
 


     

   

         



        
        
        
         
   
          
         



         

        
        
       
        

         
        


             
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




        
          
 

   

          





 


 






 


   


 

       






      


 






   


 



  


  


 

            














       


 





  

            

           
         
           
             




       





            
           








            












  


            
     
    





     


 

  


 



        

 

 



  

 



  



         
           
        











         
         
  



         





 


             

            

          
          
     

           



 









  




 



















  










       



      



    


 

 









  





 



     


















  



 



      




 

               











      




     

             




 



 

  



 

  



 

          




  



 

  

      

         

       
         


 

   
           













           



         



         




         
          



          


      

            


       



 

          


     

 


          











           


          

         





    

          






                

          

        
  



   

    


 

         
           
   



          



            
 










       

          

         





          

  

          
         






 

        



 

       


 



 












   




   




  



 

 



           




   





             

 

          


     




    






 


         











    
  

 

 

            

          



 


    
  


 


 

        

          
         
            


   
           


 



 

         












 

       


         

 


 

            

         




               
         
     


 



    



 



    

             
    

  
  
    
            
             














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
         
             
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         
             
            

          
 
          

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

        


           
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
          
         
          

          
        
  











       


           
            
           




 



 



 



 

        



 


          


  



    
  

 




 

      










     



  


  
     


     

    
 

 

           
            
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      

         
          
         

            

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 
          

      

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         
           
           
         
    



         
          

 


         

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       

        
             
           
        






     


















    


    

 


  

  


 




    


    

 

  


  


 




  

 

    

 

  


  


 



 


        


  


  


  

 


       
         
      

 
             


     
        














         

               



         



 

         




       




   

  



     

     


     

  

    

 














     
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


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






       


 







   







  





 

  

  


 

            
           






           

       
         
        


  
 

 

  


 
  

   



   

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





        



      

 


           


         


        


            

           



     
           


 

        


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




            
        



             
         


       
          
 

        
         

       






      

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










         
          

            
  



 
       


   

            
        
















           
        

  


  
  





     

          



  

   


           
    


  

 
  

    
 

 










  


 

  
 

          


 



      

 

 







  

  

  
          


   

  

 



          



  
    


   




           
         

        













           
       




     

 

  
           
           
     
      


     

     

             







y+  1 










  



 


  
  

          


        

 

  



  

 

  

  

 

  


 

 

 

      


            










            

        
       



          
       
         
            

         


           
 
            
         
        
 


        
          
         

        
          


   

 
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




             
            

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 


        
          
           




          
   
        
        


           

          
       

        
    
       
  
          
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

        
        
         

  





        


           
          
         


 

          
         


 


          


     

          





   


   
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




     

  

 

    
 

 







   

 



 






     

   
          

              



 


           

           
         
      


         

          
  

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         

        



       
            
         
        
      

          
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





 






          
         


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  
 
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           
        

            








             

             
         
          

             
          



          
            
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 

         
           
          
   


           

           


 



         
         
         
 
        
  
            

          


          
        
         
         

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
          


 

             
         
         





 

 

 






 
    








 

 
 
   



 

          















           
  










  
 
   


 



    

   


     



           






    


 



     










    


 


     





     

     

      

















  












      

 

          
        


 





           
         






















 
 

 






   










        

  
           
             
           




           
         














  

  
  

  

   
. 

             
           





         


            
        


 



       
          

          










        


 









          
          


   

   







   

   

          

             
















           
           
             
     




   

   

  

 


   





  

  

             







       

     



 
 
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
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





      

  






















  



 



 

  



 



 

  



 



 



 


  

 


  

          















     




 





  



















     




 





  















     




 





  













     




 





  
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


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           
          
              


 

             

        
         
          



         


 


  

          
    
















     









  

















     









  
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




 


 

           

          
         


          









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




          


           
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     
           











          





  

  

  

  

  

  

  



             
           
          
 
         
        



 
              
        
 
            
            
            

















 





















    





    





    





    





    





    





    


 






















    





    





    





    





    





    





    














   





 


 
    
            



           











           


          

           
         




  

 


         


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





             
         
 
          

          
           
          


            
        



 


 






              
           
          

          

     


            










         




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          
        
      






 



         

















 

 

 






 
    








 

 
 

  








 

         
 


    

        














          




         
 



         
        
       
       






























  


















































          





        
           
           
 











          
         



           

    



















             
           

     




          



 

 
 

 


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












            




          


           
        
    


 



 

         

     

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
     





      
        






         



 


    
           
        

  
    
        
         

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




       
       
     

     
          



        

           
    


   

          
  

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
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
        














             








  
  

a













              








  
  

b













          








   

c










 



          

          
  
          

 
           
       
          
          




     

            
    








 

 
 

 












  






       



           
        
    


 



            
     
          
       

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


         
         










          
           

   





           
        


          
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        
    




   
 




  
        
         
 
       
        
         
            



    




























  

        










 









 






























 









 


































 








 






















  
            
            


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
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




 

 
 
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
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  
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
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
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   

c
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




    

 
        


           
         

  

           
 


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
 















 






           


        
     
          











 

 

 




 


           
  
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






           
         
        
         


 



          
          
 







          


 
        


            




         
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         
         

         
  
       
        


           
         

        



          
      

        
         


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



  



            

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
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
            
      
             
  

             

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
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         
        
           
          

          
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
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
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

 

          
           

          
         
         
       
            
        
 
        

   



 


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















     
     
     

 

         


          










         




 


 

 

 





 










          


 


 

 

 





 











      
       







 














 






 






 

   
           











  

 
 
 
 












            




 













   

  
  
  
  

              
          


            


 

         
         


          
        
        
       










        


        
          
     
         


          
          
  

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 

            


         
   


           
       


          
          

         
           
       


 
          

       



      


 


         
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
  

        

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     

             

            

          
        
          
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             

           
             


            
           
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           
           
       


      

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         
           



          


          


 


        
        


 

      















 

  

 












         

 












   
          














 

   
   

  

















 

            
       




             


      










        


 

 

  



            
 






           
        
 
            













 
 



             
         
           
           
 

             
          
 



 

 

 














         




            


  
 
   


 



    

   


     


             
            
         







    


 



     

    


 


     














     

     























   
























































































































         
           



 




      













             
       
           
        
             
           

 


         
 



   


         
  
          
     
       
            
         
         
          


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







  

   
   


 













  

























    
   






  
 
        




   



      
           

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






        
         
          



          
            








 

  
  

  



 

 













        


             



          
           


   

   

 
 

      


         

 
             
       


 



         

        










     
          
   



   


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
 




































 










 

































 










 





           


          



 


          












         

         
         


    


 

             

           

           
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         


    
       
        
          
          
         
          
         
          


   
  
  

 

 
         
         


 
      
        

  
            
        
         










         
        
      
         


   
  
  

 

  


          
 


  


 

       
         
          
      
    
           


       
       
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   

      


   


 

        
        


             

          
           
         

          
           



          
           










         

 
   



        
       

          

         
        

            
    

    


          


          
      
           

                
          


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







            




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




 

    

    

    


 
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




 



         
         
          
         
        


 

           

           


































 

 






 

 




 
    






 

  
  

  










 

         







 











 

        


 

 

  







 













 



              
 

 
           


























          
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
    










         




         







 

 
 

 










          


 
          
  











 



       
          
           
       


 



          
         

            
         
         
            
            




 

   

 







 







 









  










          

           
         
          
           










  

             
          
         
        
   
          
         



















     



















 

  










 
 
     

































         

           
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 
        
        
         
         
          

         


     
         


         
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 
         
  

           
          

          
         
          

           
          

          

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

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


 



    














       




 



    














       




 



    














       




 



    










          
         

       
         
       
          

        
        
         


          



        
    
 
   
          
           
          

     

           
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           
        







   

 
     

    
    
    
    
    
    


         
 










 
 
     

































         

       

       
   

           
            
        

  



           
         
  
   
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
         

             
 

  
             
        


           
  
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           
       


        
         



           
        
         
     
            

  
           



   
          
         
        
  


         

        

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


         
           
  
       


            


            
          

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






 
 


 


 
 


 


 


 




           
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






 

         


         

        


 

         

 
        




          

    
        




          
         

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 

          


 

      
        



       

 
          
          
        
         



   


         


  


 

         
       
         
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







          
         
 

           
         
         

         
        

       
         


 


            
       
          
         

          


        
 
           
         


        
       












          
    
        


 

           
         
       
      
        

        
      



        
          
        

          
      
       
         


             
      

    
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


           
          
        
          




  
 
         
       
       
          
      
         
         

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
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       
             
       

       

          
         
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

         






         


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
         
         
        

           

       


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
          

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








 





           

          


         


     


 

     










      



    

     

         
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




          


   




           


   




     



 

            



            
             

















        


    

 

        

    


 

    
             
         
        
         
           



          

 










          
        


    

               
         
          


           



   



        
    

 
 


         
       
        

         
         
       
           
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
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            
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           
        
           
        
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 
    
  
         

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












 









    ϕ


    


    



    σ

(A) 

(B) 










           
        
          
  
       

          
       
          
          

         

          

        
      
           



       
  
       


  


  



   


       





   


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




  




       



 
 






  












  


          



  


   

  







  

            


   





 


      









 

 



 




     








  





     


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




  


  

   











 













   


  

   











 



    

       








 

         
             
       
 


 

           
          
       


        


 



 




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




 



 



          

 

          
     

   



       
     



         
  

    
 





      


 

       









    
   




  







          


    

   













  



 
  

       















  







  


                    
            


   

 

  





  
  


  






   

  

 





     











 

     


       










          
               





         


 


 
        
  
         


         


          
        

 


a b 










 
 
 

          

 
 


      






   

                


     


             
            
          
          
      


           
  










         


       

 
    
            






  

  



  

  

  


           


   

   



  



     

      










   

         
  



   



   

          

          

 

    

 





  
 


 



  



     



  


 

    

  

 



    

 



 














    



   




     




 

 

  


  







    
    

  
 

 

       
      
          
          
    


        
          


    
     

  
      











         
         


      
       



          





 
  














          
         



           


function run() 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%% 
%definir a quantidade de dados a simular. imagem unica ou 
multiplas%%%%%%% 
%imagens. Em caso de uma imagem singular,q_imagens=0 caso 
contrario%%%%%%% 
q_imagens=0;%q_imagens=1.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%% 
n_ele=32;%definir n_electrodos 16 ou 
32%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
inj=1;%definir protocolo implementado (inj=1) adjacente, (inj=2) 
oposto %% 
brancos=1;%definir quantas condutividades de 
branco%%%%%%%%%%%%%%%%%%%%%%% 
concentracoes=1;%definir o numero de concentracoes 
%%%%%%%%%%%%%%%%%%%%%%% 
graf_saida=0;%definir grafico de 
saida.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%graf_saida==0 imagem 
recontruida%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%graf_saida==1 perfis 
radiais%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%% 
%% 
  
  
dirname=pwd; 
parentdir = fileparts(dirname); 
 if q_imagens==0 
     i=1; 
     j=1; 
     sp=1; 
     nh=1; 
     h=1; 
      
     simul(n_ele,inj,i,j,sp,h,nh,parentdir,q_imagens,graf_saida) 
       










 else 
  
for h=1:1:brancos  %percorre todas pastas  de sets homogeneos 
    for nh=1:1:concentracoes  %percorre todos as pastas de sets 
não homogeneos 
  
for sp=14:14:84 % Caudal. Define o caudal para reconstruir imagens 
do mesmo caudal/velodidade dos sets homogeneos e não homogeneos. 
28=1m/s 
nfiles_h=dir([parentdir 
'\dados\simulacao\imagens_multiplas\set_homogeneo\B' num2str(h) 
'\' num2str(sp) '\*.txt']); 
nfiles_nh=dir([parentdir 
'\dados\simulacao\imagens_multiplas\set_naohomogeneo\C' 
num2str(nh) '\' num2str(sp) '\*.txt']); 
nfiles_h_size=size(nfiles_h); 
nfiles_nh_size=size(nfiles_nh); 
h_s=nfiles_h_size(1,1)/2; 
nh_s=nfiles_nh_size(1,1)/2; 
  
%h_s e nh_s numero total de pares de ficheiros (coseno e seno). 
%\h_s  na pasta com ficheiros do set homogeneo. 
%\nh_s na pasta com ficheiro do set de data não homogeneo. 
  
%os ciclos for são para simular todos as combinaçoes posiveis 
entre sets 
%homogeneos e sets não homogenos  
  
for i=1:h_s% set homogeneo escolhido a cruzar 
   for j=1:nh_s   % set nao homogeneo a cruzar   
       close all 
       simul(n_ele,inj,i,j,sp,h,nh,parentdir,q_imagens,graf_saida) 
       
   end 
     
end 
  
end 
    end 
end 
 end 


           


function simul(n_ele,inj,aa,bb,sp,h,nh,parentdir,q_imagens, 
graf_saida) 
close all 
  
switch inj%definicao do tipo de injecao e do hyperparameter 
    case 1 
        opt1='{ad}'; 
        opt2='{ad}'; 










         
        hyper=5;% definicao do hyperparameter para injecção 
adjacente [4 a 6]tipicamente.. 
    case 2 
        opt1='{op}'; 
        opt2='{ad}'; 
         
        hyper=3;%definicao do hyperparameter para injecção oposta 
[1 a 4]tipicamente. 
         
end 
  
clc 
  
[Vh,Vi,VV]=data_read(n_ele,inj,aa,bb,sp,h,nh,parentdir,q_imagens); 
  
  
imdl_2D= mk_common_model('d2c',n_ele);% 2D Model using distmesh 
Nel= n_ele; % Number of elecs 
Nplanes=1; % Number of planes 
Zc = 0.011; % Contact impedance 
curr = 22; % applied current mA 
options={'no_meas_current','no_rotate_meas','do_redundant'}; % 
Custom settings of our electrodes 
stimulation=mk_stim_patterns( Nel, Nplanes, opt1,opt2, options, 
curr ); % New stimulation data 
imdl_2D.fwd_model.stimulation = stimulation; % Replace model 
stimulation data with new custom one 
  
for i =1:Nel 
    imdl_2D.fwd_model.electrode(i).z_contact=Zc; 
end 
imdl_2D.fwd_model.electrode = 
imdl_2D.fwd_model.electrode([2,3:1:n_ele,1]); % Para colocar o 
electrodo 16/32 no topo 
  
%% Show mesh design 
%show_fem(imdl_2D.fwd_model,[0,1,0]); 
% Reconstruct Image 
%imdl_2D.fwd_model= imdl_2D.fwd_model.stimulation; 
% Guass-Newton solvers 
imdl_2D.solve= @aa_inv_solve;%define o algoritmo usando na 
reconstrução 
imdl_2D.fwd_model.normalize_measurements=1; 
imdl_2D.hyperparameter.value=hyper; 
% Tikhonov prior 
%imdl_2D.RtR_prior= @tikhonov_image_prior; 
imdl_2D.fwd_model.meas_select=VV; 
% imdl_2D.meas_icov = meas_icov_rm_elecs( imdl_2D,[ 6]);% remove 
os electrodos da reconstrução 
rec_img= inv_solve(imdl_2D, Vh, Vi); 
rec_img.calc_colours.npoints = 512;%numero de pontos da matrix 
slice usada nos  
%rec_img.calc_colours.backgnd=[0,0,0]; 
%rec_img.calc_colours.ref_level=0;%valor atribuida à cor branca na 
escala de cores 










%rec_img.calc_colours.clim=0.07;%Limite da escala de cores. no 
caso de ref_level=0 os limites da escala sao iguais ao .clim. 
  
  
  
figure 
if graf_saida==0% se graf_saida ==0 a figura gravada é a imagem 
rescontruida. 
     
    h=show_fem(rec_img,[1,-1]); 
    axis off 
     
    if q_imagens==0 
        saveas(h,[parentdir 
'\dados\resultados\imagem_unica_reconstruidas\' 
num2str(aa*1000+bb) ], 'png') 
         
    else  
         
        saveas(h,[parentdir 
'\dados\resultados\imagens_multiplas_reconstruidas\B' num2str(h) 
'\C' num2str(nh) '\' num2str(sp) '\' num2str(aa*1000+bb) ], 'png') 
    end 
     
else %se graf_saida ==1 a figura gravada é o perfil da imagem 
reconstruida. 
     
    npoints=rec_img.calc_colours.npoints; 
    nlimite=rec_img.calc_colours.clim; 
    hh=show_slices(rec_img); 
    figuras=graf_in(hh,npoints,nlimite,sp,nh); 
    if q_imagens==0 % se q_imagens==0 apenas 1 imagem ou perfil e 
gravado, cosrrespondente ao conjunto de dados simulados. 1 set 
homogeneio com 1 set não homogeneo 
         
        saveas(figuras,[parentdir 
'\dados\resultados\imagem_unica_reconstruidas\perfil_' 
num2str(aa*1000+bb) ],'png') 
    else 
        saveas(figuras,[parentdir 
'\dados\resultados\imagens_multiplas_perfis\B' num2str(h) '\C' 
num2str(nh) '\' num2str(sp) '\perfil_' num2str(aa*1000+bb) 
],'png') 
    end 
end 
  
close all 
  
 




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


function [Vh,Vi,VV]=dataread(xx,opcao,a,b,speed,hh,nnh) 
  
tic 
write=0; 
xon=0; 
%speed; 
n_elect=4; 
  
infodata=struct('cosenos',[], 'senos',[],'cosenosbranco',[], 
'senosbranco',[]); 
h=dir(['C:\Users\deqadmin\Desktop\123\h\' num2str(hh) '\' 
num2str(speed) '\*.txt']); 
nh=dir(['C:\Users\deqadmin\Desktop\123\nh\' num2str(nnh) '\' 
num2str(speed) '\*.txt' ]); 
  
c=a*2; 
d=b*2; 
  
  
  
  
inc=0; 
for i=1:xx 
    
    if xx<20 
     
  
        
infodata(i).cosenos=dlmread(['C:\Users\deqadmin\Desktop\123\nh\' 
num2str(nnh) '\' num2str(speed) '\' nh(d).name ],'\t', ['B' 
num2str(6+inc) '..N' num2str(15+inc)]); 
        
infodata(i).senos=dlmread(['C:\Users\deqadmin\Desktop\123\nh\' 
num2str(nnh) '\' num2str(speed) '\' nh(d-1).name ],'\t', ['B' 
num2str(6+inc) '..N' num2str(15+inc)]); 
        
infodata(i).cosenosbranco=dlmread(['C:\Users\deqadmin\Desktop\123\
h\' num2str(hh) '\' num2str(speed) '\' h(c).name],'\t', ['B' 
num2str(6+inc) '..N' num2str(15+inc)]); 
        
infodata(i).senosbranco=dlmread(['C:\Users\deqadmin\Desktop\123\h\
' num2str(hh) '\' num2str(speed) '\' h(c-1).name],'\t', ['B' 
num2str(6+inc) '..N' num2str(15+inc)]); 
    else 
        
infodata(i).cosenos=dlmread(['C:\Users\deqadmin\Desktop\123\nh\' 
num2str(nnh) '\' num2str(speed) '\' nh(d).name ],'\t', ['B' 
num2str(6+inc) '..AD' num2str(15+inc)]); 
        
infodata(i).senos=dlmread(['C:\Users\deqadmin\Desktop\123\nh\' 
num2str(nnh) '\' num2str(speed) '\' nh(d-1).name ],'\t', ['B' 
num2str(6+inc) '..AD' num2str(15+inc)]); 
        
infodata(i).cosenosbranco=dlmread(['C:\Users\deqadmin\Desktop\123\
h\' num2str(hh) '\' num2str(speed) '\' h(c).name],'\t', ['B' 
num2str(6+inc) '..AD' num2str(15+inc)]); 
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infodata(i).senosbranco=dlmread(['C:\Users\deqadmin\Desktop\123\h\
' num2str(hh) '\' num2str(speed) '\' h(c-1).name],'\t', ['B' 
num2str(6+inc) '..AD' num2str(15+inc)]); 
      
    
    end 
   
    inc=inc+16; 
      
end 
  
  
mediasenos=zeros(xx,xx-3); 
mediacosenos=zeros(xx,xx-3); 
mediasenosbrancos=zeros(xx,xx-3); 
mediacosenosbrancos=zeros(xx,xx-3); 
  
modulo3=zeros(xx+1,xx-3); 
modulobrancos3=zeros(xx+1,xx-3); 
  
for j=1:xx 
    for k=1:xx-3 
        mediacosenos(j,k)=mean(infodata(j).cosenos(6:end,k)); 
        mediasenos(j,k)=mean(infodata(j).senos(6:end,k)); 
        
mediacosenosbrancos(j,k)=mean(infodata(j).cosenosbranco(6:end,k)); 
        
mediasenosbrancos(j,k)=mean(infodata(j).senosbranco(6:end,k)); 
         
         
        
modulo(j,k)=abs(complex(mediacosenos(j,k),mediasenos(j,k))); 
        
modulobrancos(j,k)=abs(complex(mediacosenosbrancos(j,k),mediasenos
brancos(j,k))); 
    end 
end 
  
     modulo(:,27)= modulo(:,3); 
     modulobrancos(:,27)=modulobrancos(:,3); 
     modulo(:,28)= modulo(:,2); 
     modulobrancos(:,28)=modulobrancos(:,2); 
     modulo(:,18)= modulo(:,12); 
     modulobrancos(:,18)=modulobrancos(:,12); 
  
if xon==1 
  
     
  
  
     
     
  
%   modulo(:,1:14)=fliplr(modulo(:,16:29)); 
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% %  
%   modulobrancos(:,1:14)=fliplr(modulobrancos(:,16:29)); 
%   
  
  
 %modulo(:,1:14)=fliplr(modulo(:,16:29)); 
%  
 %modulobrancos(:,1:14)=fliplr(modulobrancos(:,16:29)); 
%  B=mean(modulo); 
% C=mean(modulobrancos); 
%  
% for kkl=1:32 
%      
% modulobrancos(kkl,:)=C; 
%  
% modulo(kkl,:)=B; 
%      
%      
% end 
  
     
else  
end 
  
  
  
  
  
  
  
%modulobrancos(:,5)=0.0001; 
%xlswrite('mediagfdgfcdg.xlsx',modulos,'Folha4','A1') 
%xlswrite('mo.xlsx',modulobrancos,'Folha5','A18') 
%####################################################### 
%####################################################### 
matriz=zeros(xx,xx); 
matrizbranco=zeros(xx,xx); 
VV=zeros(xx*xx,1); 
%xlswrite('media.xlsx',modulo,'Folha1') 
%xlswrite('media.xlsx',modulobrancos,'Folha2') 
%xlswrite('media.xlsx',modulo-modulobrancos,'Folha3') 
for tt=1:n_elect 
     
    
    modulo3(1:xx,:)=modulo; 
    modulo3(xx+1,:)=modulo(1,:); 
    modulo=modulo3(2:end,:); 
     
    modulobrancos3(1:xx,:)=modulobrancos; 
    modulobrancos3(xx+1,:)=modulobrancos(1,:); 
    modulobrancos=modulobrancos3(2:end,:); 
     
      
end 
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switch opcao 
    %case Injecção adjacente - Medidas adjacentes 
    case 1 
        disp( 'Injecção adjacente - Medidas adjacentes'); 
        disp( opcao); 
         
        q=0; 
        for n=1:xx 
            p=0; 
            for m=1:xx-3 
                if(q+m+2+p>xx) 
                    p=p-xx; 
                end 
                matriz(q+m+2+p,n)=modulo(n,m); 
                matrizbranco(q+m+2+p,n)=modulobrancos(n,m); 
                 
                 
            end 
            q=q+1; 
             
        end 
        %matriz de selelecção meas_select VV 
        for i=1:xx 
            for j=1:xx 
                if abs(matriz(j,i))> 0 
                     
                    VV(j+(i-1)*xx)=1; 
                else 
                end 
                 
            end 
        end 
         
        Vi=matriz(matriz>0); 
        Vh=matrizbranco(matrizbranco>0); 
         
         
        %case 2 Injecção Oposta - Medidas adjacentes 
    case 2 
        disp( 'Injecção Oposta - Medidas adjacentes'); 
        disp( opcao); 
         
        modulo2=zeros(xx,xx-4); 
        modulobrancos2=zeros(xx,xx-4); 
         
        modulo2(:,1:(xx/2)-2)=modulo(:,1:(xx/2)-2); 
         
        modulo2(:,(xx/2)-1:xx-4)=modulo(:,(xx/2):xx-3); 
         
        modulobrancos2(:,1:(xx/2)-2)=modulobrancos(:,1:(xx/2)-2); 
         
        modulobrancos2(:,(xx/2)-1:xx-4)=modulobrancos(:,(xx/2):xx-
3); 
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        q=0; 
        for n=1:xx 
            p=0; 
             
             
            act=0; 
            for m=1:xx-2 
                if(q+m+1+p>xx) 
                    p=p-xx; 
                end 
                 
                if m==((xx/2)-1) 
                    % matriz(q+m+1+p,n)=0; 
                    %matrizbranco(q+m+1+p,n)=0; 
                    act=act+1; 
                     
                elseif m==(xx/2) 
                     
                    % matriz(q+m+1+p,n)=0; 
                    %matrizbranco(q+m+1+p,n)=0; 
                    act=act+1; 
                else 
                     
                     
                    matriz(q+m+1+p,n)=modulo2(n,m-act); 
                    matrizbranco(q+m+1+p,n)=modulobrancos2(n,m-
act); 
                     
                end 
            end 
             
            q=q+1; 
             
        end 
         
         
        %matriz de selelecção meas_select VV 
        for i=1:xx 
            for j=1:xx 
                if abs(matriz(j,i))> 0 
                     
                    VV(j+(i-1)*xx)=1; 
                else 
                end 
                 
            end 
             
        end 
         
        Vi=matriz(matriz>0); 
        Vh=matrizbranco(matrizbranco>0); 
         
        
end % end switch case 
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if write==0 
     
   % xlswrite('dados_entrada.xlsx',matriz,'Folha2') 
    %xlswrite('dados_entrada.xlsx',matrizbranco,'Folha3') 
  %  xlswrite('dados_entrada.xls',Vi,'Folha1','B2') 
   % xlswrite('dados_entrada.xls',Vh,'Folha1','C2') 
    %xlswrite('dados_entrada.xls',Vi-Vh,'Folha1','D2') 
   % xlswrite('dados_entrada.xlsx',matriz-
matrizbranco,'Folha4','B2') 
else 
end 
  
  
toc 
end 























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






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












 

 








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

          


        
          
          
   





  µ         
   





             
µ




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










  µ         
           





             
µ






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

















  
















            
        
        








      

  





















   
  





 

   
  





 

   
  





 



             
           
        
 
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




 


  



 


  



 

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




 





















    





    





    





    





    








   





    

  



























    





    





    





    





    





    





    

           











          

         



   


   
           
    
            
          
 
          
        
         
         
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Figure D6 – Pipe cross section profile of the 3D Turbulent Kinetic Energy (Left) and Turbulent 

Dissipation Rate (Right) for an increase of 20% in the standard value of  (Top) and  (Bottom) 

for a flow velocity of  . 
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         
 
 
            
          
           



  
 
  






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




   





          
 



           
 


           







         



            
             



          
             
                
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




 


       

            




          


   
             
             
           
  
   

















         
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







     
            







 
 


         
               



         
              

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            
       


         
         
         


          



         





          
       



    

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         


      




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
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      


           
       


            
       


          






        



 





   
       


           
   









        
   


          

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

                

       


 
          
         


          
       


                
      






           



         


            
       


          



    




            


        

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        


   
       








           


           


    
       


         






    






  



           
        



           
       
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      






          
       



       


        


  


        












         





   
  









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          



        
        


           


           


        
        


             






 



         


        
      


          



          
        
       


          

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
        



          


           


           
      




  



        


     



  


            



          


            



     
      


           











  




       





          
         



        


           



           




       


            
         



        


             
        



         


 












         
       


               
         


             




  


             



          
        








            
        


          






         
















      







     





      
         


          
        


          


         


         


           






           
 



          















        


         
         
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





        


 





          
         


        
        


           
        




           
     














           
      
       



          
       


            


            





 




         



        


              




     


        


         



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
   


          



         
           


         


          



          


             
         


             



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      





        
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


          
        


         
        


          











        



        


            
          


          
       



 







           
       


           
       


          
       






          


             
         



















         



        


         





           
       






             




           


 
            






           



       

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






  
          


            









         
         



        













         
          



          


         
         


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



           
   
        




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