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  


  

  



 

  

 

  

  

  

 

 







  

  

 


  

















 





 

      


   


 

 

 

          




     




 







     
 







         

















    
              




           







         



    














































 














 

 

 




































 

 

  


      
  


 





 


       
       
 


       
        
        

         
         





 

      
     

      
       


        
      



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NOTE 1: B73.1 type pumps used in slurry services normally require greater 
                than normal thicknesses on parts exposed to slurry
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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 12.16 - Nomograph for the relationship of concentration to specific
gravity in aqueous slurries
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Different approaches can be used for predicting the
centrifugal pump performance change from water to
slurry, dependent on the slurry type.

When the solids-fluid mixture as shown on Figure
12.17 is considered homogeneous and exhibits
Newtonian behavior that can be characterized by an
apparent viscosity, the ANSI/HI method for pump per-
formance viscosity correction can be applied as out-
lined in Section 12.3.2.6. The second method is for
heterogeneous slurry using the solids size and pump
impeller diameter as outlined in Section 12.3.2.7.
Pumping of frothy slurries is discussed separately in
Section 12.3.3.

Rotodynamic (Centrifugal) Slurry Pumps - 2005

These are empirical methods based on the best test
data available from sources throughout the world.
There are many factors for a particular pump geometry
and flow conditions that are not taken into account.
However, the methods provide for dependable approx-
imations when limited data on the application is
available.

Pump users should consult with pump manufacturers
for more accurate predictions of performance for a par-
ticular pump and particular slurry.
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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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and numerical models for making qualitative predic-
tions of wear. Their limitations and the variability of
slurry service are such that wetted component life pre-
diction is still only good for estimation and should not
be used for guarantees. These estimates are normally
based on the specified operating condition of the
pump and may vary greatly if the pump is operated at
significantly different conditions. Using such an analy-
sis, a life-cycle cost (LCC) evaluation of the capital,
power, wear, and other costs associated with the
pump operation can be used to estimate the best bal-
ance between different pump designs. Such analysis
is largely theoretical, however, as wear can be unpre-
dictable in actual service.

Ranking the slurry into light (class 1), medium (class
2), heavy (class 3), and very heavy (class 4) services,
as shown in Figure 12.24, provides a practical tool for
pump selection. Application limitations specific to each
service class are found in Section 12.3.6.

Figure 12.24 is based on aqueous slurries of silica-
based solids pumping (Ss = 2.65). It can also be used

to provide guidance for mineral slurries if an equivalent
specific gravity for the mineral slurry is used to deter-
mine the service class.

The chart is used by drawing a horizontal line for the
concentration by volume of solids (or specific gravity
when the solids specific gravity = 2.65), and a vertical
line for the average size of the solids. Where the lines
intersect determines the class of service. The equiva-
lent specific gravity of the mineral slurry is computed
by multiplying the actual slurry specific gravity by the
ratio of the Miller number for the mineral slurry to the
Miller number of the equivalent silica slurry. This sim-
plified approach can be adjusted based on field
experience.

12.3.5 Hydraulic design and application
considerations

Slurries can be very abrasive and contain large parti-
cles making wear life and the ability to pass these sol-
ids major considerations in the design and application
of slurry pumps. Compromises in design must be
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Figure 12.23 - Erosion response for different impingement angles and materials
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made to provide large hydraulic passages, and obtain
satisfactory wear life in these erosive conditions. As a
result, slurry pumps tend to be larger, have flatter head
capacity curves, and require more power than their
clear-liquid counterparts.

The pump designer maximizes part life by avoiding
sharp edges and adding more material to key wear
locations. Blunt edges do not wear as fast as sharp
ones and more material can be worn from a thicker
section before it becomes unusable. The presence of
large solids will require wider-than-normal impellers to
pass the solids and fewer and thicker vanes to with-
stand impact loads. This type of design usually
compromises optimum hydraulic geometry to some
degree, depending on the size of the pump and the
intended service. Thus efficiencies of slurry pumps are
lower than that of clear-liquid pumps, but wear life is
greatly increased. Extra material is needed to combat
wear as the size and severity of service increase, so
large class 4 pumps will have a casing thickness up to
four times greater than that would be used for water
pumps. Dimensional compromises to accommodate
large solids are usually more pronounced on smaller
pumps. As a result, small slurry pumps on class 1 ser-
vices with solids no larger than 50 micrometers
(0.002 in.) will approximate the size and performance

Rotodynamic (Centrifugal) Slurry Pumps - 2005

of water pumps, but small pumps handling large solids
and large pumps in severe services will be larger and
heavier and performance will be significantly affected.
The pump supplier must be advised of the properties
of the slurry, including the maximum size solids, so the
proper design can be furnished.

Wear must also be controlled by proper pump applica-
tion. Wear is related to the relative velocity between
the pumped liquid and the pump parts. Liquid veloci-
ties must be reduced for more severe services to
obtain satisfactory life. The different suction liner,
impeller, and casing components and their wetted sur-
faces are exposed to different velocities, slurry con-
centrations, and impingement angles making it difficult
to provide limits that cover all cases and all compo-
nents.

Table 12.6 provides recommended service limitations
for different service classes that, when coupled with
proper design and material selection, has resulted in
acceptable wear life.

In Class 4 service high rotational speed with large
pump suction diameters over 750 mm (30 in.) will lead
to high wear in the impeller front sealing area, while
life of the suction liner can be three months or less.
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Figure 12.24 - Service class chart for slurry pump erosive wear
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      

       
   



        

        



 

  

        
      






      

  
        






   





















































 


   





    

    

    









      
 

       



     
      

  

        
      
      

        





  
        


       

        
       

       



 

 



      




      

     





    



Settling
 Slurry

Transition Region

Stationary Bed

Minimum Head Loss

Non-settling
slurry

Deposit Velocity

Pipeline Flow (m3/hr or gpm)









     
     
     


       
      
         


     
       

       
     



       
      

          
       


    
       





        
       


       

     








      


  




    

     
      

       

      
     
      
      
     


 


        















   

   

   

   

   

   

   









    


       
    
    


 
        
    
    

       
          




       
 
      


      
     
      



        

        


 




     

 


      


      
 




     

    
        



      

  
      

       


 

      


   
      
      

       






      
      







      
       
     
         



      








       









    


  


       



     
     
      
         
      


 

 

       
  
       
  
     
       

      
       
       
        
     
       


     


      

       


 
       
       

    
        
   

   
  
      

      
      
        
         
  

        


 

         
  


 

        


       
   
      
      


       

    
  





     









   
 
       
 
     
  
       
      






















 


     
     


       




 

        

      


 


       




   

   



          






         
       
 











 

 

 

 









     
   


  
        

       
     
        
         



       





       

         
        
      
          
      













       
         


 


         
       
        





       
   



       
         
  
         
 

           

        


       
        



 


     


        
 
        


      
       




    

 













 

     


  

 


 

       









 



   

          
     

       

        
      
    



 





        

         
 

        
       
         
 
      



 




        
    

      
       



         


















   

   

   

   














      
     
        
  
     
       
 
         

          
        

         
      


    

  
          



  


   

      
       
        
       




        
   


 

       
     
        


       

  
      
         
       
  
      
       



       
      
         
         












 






















        


         


    
 
       



      
       
        

      



   







 

       
      
      
      



    
       
       
   
     
       













        



     
 
       
  
  
       
      
         
     


       

        

      
       

         

 













      
       



 



      
      




       
   


     






         
        



        

 

        


   
        
      

       





 












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




































    
      
   
      
      




       




   
    
      



        

     



       


       

        
     



 



      

      











        
       


       




   

      

      


 

     

        

   
         


      


 

       

     


      


    




   

 















  
       
       
         
        

  

        
      
     



 

 


       
      


 


       


       
  

       
  


 




         
       

    
        
         



        
       

         


 




        


 




 


 



       


 

 

 

 














 

       
         











    
         


        
      


 

         
   

     


    




     



        






   




  

  

  

       


 




 


 


 



    

 



    

 



   


  

  

       

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Rotodynamic (Centrifugal) Slurry Pumps - 2005

Ssa = Allowable shear stress, 68.95 MPa
(10,000 psi)

FS = Factor of safety (2.0)

F = AxO.5x0.4x68.95
a 2

Fa = 6.895 x A(mm2) N per bolt

Ibf per bolt

Conversion factors:

To convert kilopascals (Pa) to pounds per square
inch (psi), multiply by 0.145.

To convert force in pounds (Ibf) to Newtons (N),
multipy by 4.448.

To convert area in square inches (in2) to square mil-
limeters (mm2), multiply by 645.2.

To keep the analysis simple, moments and forces
applied to the sides or that are off-center from center
of rotation, are not adjusted to the center.

12.4.2.7 Sliding forces and moments

For Figures 12.42 through 12.44 the sliding forces and
moments are:

Force Moment
Suction Discharge Suction Discharge

FxsFys FXdFyd Mzs MZd

12.4.2.8 Calculating allowable forces on hold-
down bolts

Calculate the total allowable force (Ft) for the hold-
down bolts on one side of the pump where they will be
in tension. Then determine how much force or moment
is permitted at the suction or discharge connection.

Where:

Ft = Total allowable force, N (Ibf)

Sta Allowable tensile stress, kPa (psi)

A Cross-sectional area per bolt, mm2 (in2)

n = Number of effective bolts in tension

In the example shown in Section 12.4.2.6, the allow-
able tensile stress for the hold-down bolts is 248,220
kPa (36,000 psi). The total allowable force may be cal-
culated as:

Ft = 248,220 x A x n, N

or

F, = 36,000 x A x n, Ibf

LATERAL MOVEMENT
COEFFICIENT OF FRICTION

AXIAL COMPRESSION
OR TENSION FORCE

, SIDE
Fx -r MOVEMENT

F + [.n ! .niy : ! •

--: ------~------~-- y
i i

[':0

Figure 12.42 - Sliding movement when forces
and moments are applied to pump feet
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
       


        
        
         
       

        
       




       







 
       



 

      



       
        


         



 


 





       

 


         
       



 


    
     
     
       


      
 
 

  
      



 

      


 

      
    
      
      


 

       
       










        
   
     



      
 


 

 


       


    


 
         


      


      




   

     
        
      





       


  

       


    
       

       


 


         
       
        
      

      






   



 

   
        





    

       

       

 
       

 
       
      



       
       

    
         



        

        










       



       


   
   


       


 


 



 



 


     
    

       


    
       


        



    


        




 

        
        


      
       
      
 


 


  
      


 







 

       
    





       
      
         



         


        
      


 





 


         









        



         
      
     
        




       
      


 

 

 

 


  

 


         

         
        


         


 



     
        
  
       
       



      

      
       


     
      
 



 

      





        



        
        
        


 

      

        
        



        


 

        








      


      

       













      



 




       
        

    


 


    


   




   
       

       


         
      


       



 


          
   









   


         
       


         

      
 
       
       

       


 

 

       

    



 

       
      


 

   

       


 

        
      
        
       


























 











 











  


 




      
      



 
     
     



 

     



  
      
    
    


        
     
  


       
      



 




 
     

      
     


      
      
     
    


       
    
   
     


     
      



   
      


        

      


 



     


       
     


       
     











 

        



       



 

      



      


     


 
      



      
      
    


  
     


       

      
    


 




  
    
     


       
     


      
 

  
     


 
     

      
  



      
    



       
 

      


      
       



 
    
     


 
   


       


     


 
      
   
     
     


       
  
      
      









   


 


 



      
     


 
     
    



 


       


































 

 




   



 

      

      

      

      

      

      

      

      

 


    

 


    

 



    

      

     

      

      

      

   


  

      

      

  


   

      

      



      

      









 


      

        
       


       




      

      

      

 


    

      

      

      
 
 

 




   



 

 



        

        

   

   

 



        

        

 



        

        

 



        

        









 

 



        

        

 



        

        

 



        

        

 



        

        

 



        

        

 

  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

 

  

  

 

  

  

  

  









  

 

 

 

 

  

  

  

  

  

  

 

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

 

  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

















 
 
 
 
 
 
 
 
 
 

 
 
 
 
 


 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 









 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 


 
 
 
 




 
 
 


 
 



 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 


 

 
 
 
 

 
 
 
 
 


 
 











 

 
 
 
 


 


 


 


 


 


 


 



 



 


 


 


 


 



 


 


 


 
 
 

 
 
 
 
 

 

 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 


 

 
 
  
 
 
 
 
 
 

 

 
 

 
 

 


 
 

 
 

 
 
 
 
 
 
 
 
 









 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




 
 
 
 
 


 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

 
 

 
 
 




 
 
 

 
 
 

 
 



 
















 



























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





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