

  
    
            
        
      
      
        
          
        

        
          
            
          
        
        
          
            
              
                
              
            

            
              
                
                  Recently Searched
                

              

                
                  
                      
                      
                        
                      
                  

                
              
                No results found
              

            

          

          
            
              

                
              
            

            
              
                Tags
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

          
            
              
                
              
            

            
              
                Document
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

        

      

    

    
      
        
          
        
      
              

                        
  
  

                
            
            
        
        English
                        
          
            
            
              
                Home
                
                  
                
              
              
                Schools
                
                  
                
              
              
                Topics
                
                  
                
              
            

          

        


        
          Log in
        
        
        
        
        
          

  





  
    
      
      	
            
              
              
            
            Delete
          
	
            
              
              
            
          
	
            
              
                
              
              
            
          
	
          

        
	No results found


      
        
          
        
      
    

  







  
      
  
    
    	
                                    
              Home
            
            




	
                          
                
              
                        
              Other
            
            


      
                  CFD modelling of slurry flows through horizontal pipelines
      

      
        
          
            
              
                
              
            
            
            
              
                Share "CFD modelling of slurry flows through horizontal pipelines"

                
                  
                    
                  
                  
                    
                  
                  
                    
                  
                  
                    
                  
                

                
                  

                  
                    COPY
                  
                

              

            

          

          
            
              

                
              
            
          

        

      

    

    
      
        
          
            
              
            
                          
                N/A
              
                      


          
            
              
            
                          
                N/A
              
                      

        

        
                      
              
                
              
                               Protected
                          

                    
            
              
            
            
              Academic year: 
                2022
              
            

          

        

        
          
            
            
                
                    
                
                Info
                
                

            
            

            

                        
  

                
        Download
          
              

          
            
              
                
                Protected

              

              
                
                
                  Academic year: 2022
                

              

            

            
              
                
                  
                
                
                
                  
                    Share "CFD modelling of slurry flows through horizontal pipelines"

                    
                      
                        
                      
                      
                        
                      
                      
                        
                      
                      
                        
                      
                    

                    
                      

                      
                        
                      
                    

                    Copied!

                  

                

              

              
                
                  
                
              

            

            
              
                
                31
              

              
                
                0
              

              
                
                0
              

            

          

        

      

      
        
                              
            
            31
          

          
            
            0
          

          
            
            0
          

        

      

    

  



  
        
                    
  
    
    
      
        Loading....
        (view fulltext now)
      

      
        
      

      
      

    

  




  
      

                    Show more (   Page )
        
  


  
      

                    Download now ( 31 Page )
      



      
            
  
    Full text

    
      (1)
CFD MODELING OF SLURRY FLOWS  THROUGH HORIZONTAL PIPELINES 



MANOJ KUMAR GOPALIYA 



DEPARTMENT OF CIVIL ENGINEERING  INDIAN INSTITUTE OF TECHNOLOGY DELHI 



MAY, 2018 



(2)©Indian Institute of Technology Delhi (IITD), New Delhi, 2018 



(3)
CFD MODELING OF SLURRY FLOWS  THROUGH HORIZONTAL PIPELINES 


by 



MANOJ KUMAR GOPALIYA 


Department of Civil Engineering 
 Submitted 


in fulfillment of the requirements of the degree of Doctor of Philosophy  
 to the 



INDIAN INSTITUTE OF TECHNOLOGY DELHI 

MAY, 2018 



(4)i 



CERTIFICATE


This  is  to certify that the thesis  “CFD  MODELING  OF  SLURRY  FLOWS  THROUGH 
 HORIZONTAL  PIPELINES”  being  submitted  by MR.  MANOJ  KUMAR  GOPALIYA 
 to the Indian Institute of Technology Delhi, New Delhi (India) for the award of the degree of 
 Doctor of  Philosophy in Civil Engineering Department is a bonafide research work carried 
 out  by  him  under  my  supervision  and  guidance.  The  thesis  in  my  opinion,  has  reached  the 
 standard fulfilling the requirements for the Doctor of Philosophy Degree. The research report 
 and the results presented in this thesis have not been submitted in parts or in full to any other 
 University or Institute for the award of any degree or diploma
. 


(Dr. D. R. Kaushal) 
 Supervisor 


Professor, Department of Civil Engineering, 
 Indian Institute of Technology Delhi,  
 New Delhi-110016,  


INDIA. 



(5)iii 



ACKNOWLEDGEMENTS 


At the onset, I would like to express my earnest gratitude to my supervisor Dr. D. R. Kaushal, 
 Professor,  Department  of  Civil  Engineering,  Indian  Institute  of  Technology,  Delhi  for  the 
 constant  support  during  my  Ph.  D.  research,  for  his  patience,  motivation  and  immense 
 knowledge.  His  guidance  has  helped  me  throughout  the  research  and  during  writing  of  this 
 thesis. I could not have imagined having a better advisor and mentor for my Ph. D research. 


Besides  my  supervisor,  I  would  like  to  thank  Head  of  Department  of  Civil  Engineering, 
 Student  Research  Committee  (SRC)  members,  fellow  researchers  for  their  perceptive 
 comments  and  encouragement,  but  also  for  the  hard  questions  during  various  occasions 
 including  progress  seminars  which  has  helped  me  to  widen  my  research  from  various 
 perspectives. 


I would also like to thank my friends Dr. Navneet Kumar, Mr. Satish Kumar, Mr. Himanshu 
 Pratap Singh, Mr. Aseefa, Mr. Mohsin and Mr. Raktim for their consistent help and support 
 throughout my Ph. D. duration. 


I would also like to thank my mother and late father for all their hard work and sacrifices in 
 growing me with  good values and  ethics. Their inspiration has always helped me in putting 
 our best in everything. 


A special thanks to my wife and daughter. Words cannot express my gratefulness towards my 
 wife  (Dr.  Shiv  Manjaree  Gopaliya)  and  my  daughter  (Keva)  for  all  of  the  sacrifices  they 
 made on my behalf. Their prayer for me has helped me in sustaining thus far. 


Finally, a big thank to all those who have directly or indirectly helped me during the Ph. D. 


research work. 


Manoj Kumar Gopaliya 



(6)v 



ABSTRACT 


Solid-liquid  flows  are  widely  employed  in  industry  and  nature.  Many  liquid-solid  mixtures 
 used across a wide spectrum of industries such as mineral, chemical and power industries are 
 found  to  be  transported  by  pumping  through  pipelines.  Determining  the  most  efficient  and 
 economical  process  of  pumping  these  solids  in  carrier  liquid  requires  careful  consideration 
 and analysis of different factors, some of which can have a significant impact on performance 
 and  cost  of  whole  process  including  environmental  regulations  of  the  land.  It  supports  the 
 greater  need  for  more  fundamental  understanding  of  different  aspects  of  the  behaviour  of 
 materials in such slurry pipeline systems. 


The  high  economical  and  technical  cost  of  experimental  testing  of  slurry  pipelines  and  the 
 limitations of the  existing simplified empirical/semi-empirical  models in  general  has  helped 
 in  making  computational  fluid  dynamics  (CFD)  an  attractive  alternative  in  recent  years 
 especially  in  the  field  of  slurry  pipeline  research.  This  along  with  ever  decreasing  cost  to 
 computing supports the need of better understanding of CFD techniques and its applications 
 in the field of slurry flow analysis. 


The  present  Ph.  D.  research  work  has  bridged  this  gap  by  undertaking  a  much  exhaustive 
 CFD analysis of slurry flows through horizontal pipelines. During the present research work, 


experimental  results  of  different  researchers  spread  over  much  wider  range  of  working 
 parameters  viz.  pipe  diameter,  grain  size,  slurry  flow  velocity,  efflux  concentration,  solid 
 density etc. have been selected and simulated.  


Since  all  selected  slurry  flow  cases  have  already  been  tested  experimentally  by  various 
researchers,  the  outcome  of  present  study  have  enriched  the  existing  experimental  results 
with  exhaustive  and  additional  information  of  different  slurry  flow  parameters  which 
otherwise are quite expensive and many times impossible to obtain through experiments. The 
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exhaustive  information  of  different  slurry  flow  parameters  obtained  using CFD  simulations 
 have been  analyzed  and  presented in  the form  of  graphs  showing the  effect  of variations  in 
 different  geometric  and  working  input  slurry  flow  parameters  on  the  results  of  important 
 design  parameters  of  slurry  flow  transportation  system.    Specifically,  effect  of  slurry  flow 
 velocity and efflux concentration on important design parameters such as solid concentration 
 distribution,  solid  velocity  distribution,  pressure  drop,  friction  factor,  granular  pressure, 
 turbulent viscosity and flow turbulence have been presented for slurry flows through different 
 sized  horizontal  pipelines.  Both  qualitative  and  quantitative  analyses  have  been  presented. 


This helps in evaluating the performance of existing systems leading to future up-gradation in 
 it for improved output. 


The present research work has also undertaken a selective analysis of effect of grain size on 
 important  design  parameters  of  slurry  flow  transportation  system.  A  series  of  slurry  flow 
 cases  having  different  grain  sizes  and  input  working  parameters  flowing  through  three 
 different  pipe  sizes  have  been  simulated.  Simulation  results  have  been  presented  showing 
 effect  of  grain  size  on  solid  concentration  distribution,  solid  velocity  distribution,  pressure 
 drop, friction factor, granular pressure, turbulent viscosity and flow turbulence. 


The  present  research  work  also  includes  parametric  analysis  of  important  simulation 
 parameters for slurry flows through horizontal pipeline. In this, effect of different turbulence 
 models, wall function and wall boundary conditions on important design parameters of slurry 
 flow transportation systems have been analyzed and presented. 


During  this  research,  correlations  for  important  design  parameters  viz.  solid  concentration 
distribution,  solid  velocity  distribution,  pressure  drop,  turbulent  kinetic  energy  and  its 
dissipation  rate  have  also  been  obtained  in  terms  of  different  geometric  and  working  input 
slurry  flow  parameters  using  non-linear  regression  of  exhaustive  data  obtained  during CFD 



(8)vii 


simulations.  Genetic  algorithm  (GA)  has  also  been  applied  on  these  data  set  for  better 
 understanding of results. The equations mentioned here correspond to the simulation data of 
 important  slurry  flow  parameters  presented  in  the  form  of  best  fit  surface  curves.  These 
 equations  do  not  pertain  to  all  the  data  points.  Rather,  they  represent  only  the  best  fitted 
 surfaces  as  per  regression  algorithms.  Therefore,  these  equations  should  not  be  expected  to 
 predict all the values of flow parameters in the prescribed range. 


The  outcomes  of  the  present  research  work  presented  in  both  qualitative  and  quantitative 
manner  for  different  slurry  flow  parameters  for  solid-liquid  slurry  flows  through  horizontal 
pipelines have further enriched this research field quite extensively. 
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सार


तरल-ठोस प्रवाह उद्योग और प्रकृतत में व्यापक रूप से तियोजित होते हैं। खतिि, रासायतिक और
 बििली उद्योग िैसे उद्योगों के ववस्तृत स्पेक्ट्रम में उपयोग ककए िािे वाले कई तरल-ठोस ममश्रण
 पाइपलाइिों के माध्यम से पंप करके पह ुँचायें िाते हैं। वाहक तरल में इि ठोसों को पंप करिे की सिसे


क शल और ककफायतीप्रकिया कोतिर्ााररत करिेके मलएववमिन्िकारकों केसावर्ािीपूवाक ववचार और


ववश्लेषण की आवश्यकता होती है, जििमें से क छ िूमम के पयाावरणीय तियमों सहहत संपूणाप्रकिया के


प्रदशाि औरलागतपरमहत्वपूणाप्रिाव डालसकतेहैं। यहऐसीघोलपाइपलाइि प्रणामलयोंमें सामग्रियों


केव्यवहारकेववमिन्िपहल ओंकीअग्रर्कमौमलकसमझकेमलएआवश्यकताकासमर्ािकरताहै।


घोलपाइपलाइिोंकेप्रयोगात्मकपरीक्षणकीउच्चआग्रर्ाकऔरतकिीकीलागतऔरसामान्यसरलीकृत


अि िविन्य / अर्ा-अि िविन्य मॉडल कीसीमाओं िे सामान्य रूपसे संगणिात्मक तरलगततशीलता


(सीएफडी) को हाल के वषों में एक आकषाक ववकल्प ििािे में मदद की है, खासकर घोल पाइपलाइि


अि संर्ािकेक्षेत्रमें ।संगणिाकीलगातारकम होतीलागत,  घषाणप्रवाह ववश्लेषणकेक्षेत्रमें सीएफडी


तकिीकोंऔरउसकेअि प्रयोगोंकीिेहतरसमझकीआवश्यकताकासमर्ािकरताहै।


वतामाि पीएचडी अि संर्ाि काया िे क्षैतति पाइपलाइिों के माध्यम से घोल प्रवाह के िह त व्यापक
सीएफडी ववश्लेषण के द्वारा इस अंतर को कम करिे का प्रयास ककयाहै। वतामाि शोर् काया के दौराि, 



(10)ववमिन्िशोर्कतााओंकेप्रयोगात्मकपररणामिोकीकामकािीमािकोंकीववस्तृतश्रृंखलामें फैलेह एहैं


आहदकाचयिऔरअि करणककयागयाहै।


चूंककसिीचयतितघोलप्रवाहमामलोंकाप्रयोग पहलेसेहीववमिन्िशोर्कतााओंद्वाराप्रयोगात्मकरूप


से ककयािा च का है, वतामािअध्ययिके ितीिे मौिूदा प्रयोगात्मक पररणामोंको समृद्ध और ववमिन्ि


घषाण प्रवाह मािकों की अततररक्ट्त िािकारी के सार् समृद्ध कर रहा है िो अन्यर्ा काफी महंगा हैं और
 कई िार प्रयोगों के माध्यम से प्राप्त करिा असंिव है। सीएफडी अि करण का उपयोग करके प्राप्त


ववमिन्ि घोल प्रवाह मािकों की ववस्तृत िािकारी का ववश्लेषण ककया गया है। सार् ही, घोल प्रवाह
 यातायातप्रणालीकेमहत्वपूणा  प्रारुपमािकोंकेपररणामोंपरववमिन्िज्याममतीयऔरकामकरिेवाले


घोल प्रवाह तिवेश मािकों में ववववर्ता के प्रिाव को रेखाग्रचर के रूप में प्रस्त त ककया गया है। इसमें


ग णात्मक और मात्रात्मक ववश्लेषण दोिों प्रस्त त ककए गए हैं। यह मौिूदा व््वस्र्ा के प्रदशाि का


मूल्यांकिकरिेमें मददकरताहैजिससेउन्ितउत्पादिकेमलएिववष्यमें उन्ियिहोताहै।


वतामाि अि संर्ाि काया िे घोल प्रवाह पररवहि प्रणाली के महत्वपूणा  


प्रारुपमािकोंपरदािेकेआकारकेप्रिावकाएकच तिंदाववश्लेषणिीककयाहै।तीिअलग-अलगपाइप
आकारोंके माध्यमसे िहिेवाले ववमिन्िआकार केदािे और कामकरिेवाले तिवेशमािकोंवालेघोल
प्रवाहोकीएकश्रृंखलाकाअि करणककयागयाहै।अि करणकेपररणामठोसएकािताववतरण, ठोसवेग



(11)ववतरण, दिाव ग्रगराव, घषाण कारक, दािेदारदिाव, अशांत ग्रचपग्रचपाहट और प्रवाह अशांतत पर दािे के


आकारकाप्रिावहदखातेह एप्रस्त तककएगएहैं।


वतामािशोर् कायामें क्षैततिपाइपलाइि के माध्यमसे घोल प्रवाहके मलएमहत्वपूणा अि करण मािकों


का अि करणीय ववश्लेषण िी शाममल है। इसमें, घोल प्रवाह पररवहि प्रणामलयों के महत्वपूणा प्रारुप
 मािकोंपर ववमिन्िअशांतत मॉडल, दीवार फलि औरदीवार सीमाकीजस्र्ततयोंकाप्रिाव प्रस्त त ककया


गयाहै।


इसशोर् केदौराि, महत्वपूणाप्रारुपमािकोंिैसेठोसएकािताववतरण, ठोसवेगववतरण, दिावग्रगराव, 
 अशांत गततशील ऊिाा और इसकी अपव्यय दर के मलए सहसंिंर् प्रस्त त ककये गए है। इन्हे सीएफडी


अि करण के दौराि प्राप्त संपूणाआकड़ोके गैर-रैखखक प्रततगमि काउपयोग करकेववमिन्िज्याममतीय
 औरकामकररहेघोलप्रवाहतिवेशमािकोंकेरूपमें प्रस्त तककयाहै।पररणामोंकीिेहतरसमझकेमलए


इिआकड़ोपर िेिेहटकएल्गोररदम (िीए) िीलागू ककयागयाहै। यहांवखणातसमीकरणसवोत्तमकफट
 सतहके रूपमें प्रस्त त महत्वपूणाघोल प्रवाहमािकों  केअि करण आकड़ोसेमेल खातेहैं। येसमीकरण
 सिीआकड़ेबिंद ओंसेसंिंग्रर्तिहींहैं।इसकेििाय, वेप्रततगमिएल्गोररदमकेअि सारकेवलसवोत्तम
 कफट सतहों का प्रतततिग्रर्त्व करते हैं। इसमलए, इि समीकरणों से तिर्ााररत सीमा में प्रवाह पैरामीटर के


सिीमूल्योंकीिववष्यवाणीकरिेकीउम्मीदिहींकीिािीचाहहए।



(12)वतामािशोर्कायामें क्षैततिपाइपलाइिोंकेमाध्यमसेठोसतरलघोलप्रवाहकेमलएअलग-अलगघोल
 प्रवाह पैरामीटर के मलए ग णात्मक और मात्रात्मक दोिों तरीके से प्रस्त त पररणामों िे इस शोर् क्षेत्रको


काफीव्यापकरूपसेसमृद्धककयाहै।
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