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                    Abstract.
The formation of granular ripples under liquid shear flow in an annular channel is studied experimentally. The erodible granular bed is subject to weakly turbulent flows without a defined sharp boundary layer close to the granular bed. The flow field and the degree of turbulence is characterized quantitatively by using a particle image velocimeter and a laser-Doppler velocimeter, respectively. A new range of particle Reynolds numbers at the lower limit of the Shields diagram were explored. Quantitative measurements of the granular flow on the surface reveal that the threshold for particle motion coincides within the order of one percent with the threshold for ripple formation. In fully developed ripples it was found that on the leeward side of the ripples regions of low-velocity gradients exist where granular motion is scarce, indicating that the coupling between the ripples is mainly caused by the flow field of the liquid.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Turbulent channel flow perturbed by triangular ripples
                                        
                                    

                                    
                                        Article
                                        
                                         15 February 2018
                                    

                                

                                Fernando David Cúñez, Gabriel Victor Gomes de Oliveira & Erick de Moraes Franklin

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Experimental study on internal flow structure and dynamics of dense liquid-particle flow down inclined channel
                                        
                                    

                                    
                                        Article
                                        
                                         20 August 2023
                                    

                                

                                Yunhui Sun, Jiajun Jiao, … Qingquan Liu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Influence of lateral confinement on granular flows: comparison between shear-driven and gravity-driven flows
                                        
                                    

                                    
                                        Article
                                        
                                         24 September 2020
                                    

                                

                                Patrick Richard, Riccardo Artoni, … Renaud Delannay

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	F.Y. Testik, S.I. Voropayev, H.J.S. Fernando, Phys. Fluids 17, 072104 (2005).
Article 
    ADS 
    
                    Google Scholar 
                

	H. Ayrton, Proc. R. Soc. London, Ser. A 84, 285 (1910).

                    Google Scholar 
                

	J.L. Hansen, M. van Hecke, A. Hanning, C. Ellegaard, K.H. Andersen, T. Bohr, T. Sams, Nature 410, 324 (2001).
Article 
    ADS 
    
                    Google Scholar 
                

	J.L. Hansen, M. van Hecke, C. Ellegaard, K.H. Andersen, T. Bohr, A. Haaning, T. Sams, Phys. Rev. Lett. 87, 204301 (2001).
Article 
    ADS 
    
                    Google Scholar 
                

	M.A. Scherer, F. Melo, M. Marder, Phys. Fluids 11, 58 (1999).
Article 
    ADS 
    MATH 
    
                    Google Scholar 
                

	A. Stegner, J.E. Wesfreid, Phys. Rev. E 60, R3487 (1999).

	K.H. Andersen, M. Abel, J. Krug, C. Ellegaard, L.R. Sondergaard, J. Udesen, Phys. Rev. Lett. 88, 234302 (2002).
Article 
    ADS 
    
                    Google Scholar 
                

	A. Betat, V. Frette, I. Rehberg, Phys. Rev. Lett. 83, 88 (1999).
Article 
    ADS 
    
                    Google Scholar 
                

	A. Betat, C.A. Kruelle, V. Frette, I. Rehberg, Eur. Phys. J. E 8, 465 (2002).

                    Google Scholar 
                

	N. Hori, A. Yamada, Y. Oshiro, O. Sano, J. Phys. Soc. Jpn. 76, 024401 (2007).
Article 
    ADS 
    
                    Google Scholar 
                

	J. H. Baas, Sedimentology 41, 185 (1994).
Article 
    ADS 
    
                    Google Scholar 
                

	B. Andreotti, P. Claudin, O. Pouliquen, Phys. Rev. Lett. 96, 028001 (2006).
Article 
    ADS 
    
                    Google Scholar 
                

	A. Shields, Mitteilungen der Preussischen Versuchsanstalt für Wasserbau und Schiffbau, PhD Thesis (Berlin, 1936).

	J.B. Southard, J.R. Dingler, Sedimentology 16, 251 (1971).
Article 
    ADS 
    
                    Google Scholar 
                

	T. Loiseleux, D. Doppler, P. Gondret, M. Rabaud, in Powders and Grains 2005, edited by R. García-Rojo, H.J. Herrmann, S. McNamara (Taylor & Francis, London, 2005) pp. 981.

	T. Loiseleux, P. Gondret, M. Rabaud, D. Doppler, Phys. Fluids 17, 103304 (2005).
Article 
    ADS 
    
                    Google Scholar 
                

	P. Hersen, S. Douady, B. Andreotti, Phys. Rev. Lett. 89, 264301 (2002).
Article 
    ADS 
    
                    Google Scholar 
                

	Z. Csahok, C. Misbah, F. Rioual, A. Valance, Eur. Phys. J. E 3, 71 (2000).
Article 
    
                    Google Scholar 
                

	H.J. Herrmann, K. Kroy, G. Sauermann, Physica A 302, 244 (2001). 
Article 
    ADS 
    
                    Google Scholar 
                

	K. Kroy, G. Sauermann, H.J. Herrmann, Phys. Rev. E 66, 031302 (2002).
Article 
    ADS 
    
                    Google Scholar 
                

	B. Andreotti, P. Claudin, S. Douady, Eur. Phys. J. B 28, 321 (2002).
Article 
    ADS 
    
                    Google Scholar 
                

	B. Andreotti, P. Claudin, S. Douady, Eur. Phys. J. B 28, 341 (2002).
Article 
    ADS 
    
                    Google Scholar 
                

	V. Langlois, A. Valance, Phys. Rev. Lett. 94, 248001 (2005).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	A. Valance, V. Langlois, Eur. Phys. J. B 43, 283 (2005).
Article 
    ADS 
    
                    Google Scholar 
                

	K.K.J. Kouakou, P.-Y. Lagrée, Eur. Phys. J. B 47, 115 (2005).
Article 
    ADS 
    
                    Google Scholar 
                

	F. Charru, E.J. Hinch, J. Fluid Mech. 550, 111 (2006).
Article 
    MATH 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	R.A. Bagnold, The Physics of Blown Sand and Desert Dunes (Chapman & Hall, London, 1941).

	A. Valance, F. Rioual, Eur. Phys. J. B 10, 543 (1999).
Article 
    ADS 
    
                    Google Scholar 
                

	K.J. Richards, J. Fluid Mech. 99, 597 (1980).
Article 
    MATH 
    ADS 
    
                    Google Scholar 
                

	H. Schlichting, K. Gersten, Boundary Layer Theory (Springer, Berlin, 2000).

	P.S. Jackson, J.C.R. Hunt, Q. J. R. Meteorol. Soc. 101, 925 (1975).
Article 
    ADS 
    
                    Google Scholar 
                

	J.C.R. Hunt, S. Leibovich, K.J. Richards, Q. J. R. Meteorol. Soc. 114, 1435 (1988).
Article 
    ADS 
    
                    Google Scholar 
                

	F. Charru, H. Mouilleron, O. Eiff, J. Fluid Mech. 519, 55 (2004).
Article 
    MATH 
    ADS 
    
                    Google Scholar 
                

	P. Barthelet, F. Charru, J. Fabre, J. Fluid Mech. 303, 23 (1995).
Article 
    ADS 
    
                    Google Scholar 
                

	A. Khalili, A.J. Basu, U. Pietrzyk, M. Raffel, J. Fluid Mech. 383, 229 (1999).
Article 
    MATH 
    ADS 
    
                    Google Scholar 
                

	F. Charru, H. Mouilleron-Arnould, J. Fluid Mech. 452, 303 (2002).
Article 
    MATH 
    ADS 
    
                    Google Scholar 
                

	J.N. Sorensen, I. Naumov, R. Mikkelsen, Exp. Fluids 41, 425 (2006).
Article 
    
                    Google Scholar 
                

	F. Engelund, J. Fredse, Annu. Rev. Fluid Mech. 14, 13 (1982).
Article 
    ADS 
    
                    Google Scholar 
                

	S.E. Coleman, B.W. Melville, J. Hydraul. Eng. 122, 301 (1996).
Article 
    
                    Google Scholar 
                

	S.J. White, Nature 228, 152 (1970).
Article 
    ADS 
    
                    Google Scholar 
                

	M. Pilotti, G. Menduni, J. Hydraul. Res. 39, 115 (2001).
Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Technische Mechanik und Strömungsmechanik, Universität Bayreuth, D-95440, Bayreuth, Germany
A. Wierschem & N. Aksel

	Experimentalphysik V, Universität Bayreuth, D-95440, Bayreuth, Germany
C. Groh, I. Rehberg & C. A. Kruelle


Authors	A. WierschemView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. GrohView author publications
You can also search for this author in
                        PubMed Google Scholar



	I. RehbergView author publications
You can also search for this author in
                        PubMed Google Scholar



	N. AkselView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. A. KruelleView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Wierschem, A., Groh, C., Rehberg, I. et al. Ripple formation in weakly turbulent flow.
                    Eur. Phys. J. E 25, 213–221 (2008). https://doi.org/10.1140/epje/i2007-10282-4
Download citation
	Received: 04 May 2007

	Accepted: 30 January 2008

	Published: 21 March 2008

	Issue Date: February 2008

	DOI: https://doi.org/10.1140/epje/i2007-10282-4


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


PACS.
	45.70.-n Granular systems
	92.10.Wa Sediment transport
	92.40.Gc Erosion and sedimentation; sediment transport








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.80.21.52
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    