
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Experiments in Fluids

	
                        Article

Attenuation of sweep events in a turbulent boundary layer using micro-cavities


                    	Research Article
	
                            Published: 19 April 2017
                        


                    	
                            Volume 58, article number 58, (2017)
            
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Experiments in Fluids
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	Anton Silvestri1, 
	Farzin Ghanadi1, 
	Maziar Arjomandi1, 
	Benjamin Cazzolato1 & 
	…
	Anthony Zander1 

Show authors
                        
    

                        
                            	
            
                
            622 Accesses

        
	
            
                
            14 Citations

        
	
                
                    
                1 Altmetric

            
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
In the present study, the turbulent energy production within a fully developed turbulent boundary layer has been reduced using a variety of flushed-surface cavity arrays with different geometries embedded within a flat plate. The cavity arrays manipulate the sweep events in the boundary layer by capturing and damping their duration and intensity. The size of the holes in the cavity array was selected to be comparable with the dimensions of the expected coherent structures, based on the friction velocity and the known spacing and sizing of the sweep events. The velocity fluctuations within the turbulent boundary layer were measured using hot-wire anemometry in a wind tunnel for a range of Reynolds numbers. The results show that when the orifice diameter is equal to a value of 60 times the viscous length scale there is a maximum reduction in the turbulence and sweep intensities of 13 and 14%, respectively. The results also demonstrated that for a cavity orifice diameter less than 20 times the viscous length scale, the sweep events are restricted and no events are captured by the array. Furthermore, if the diameter of the orifice exceeds 145 times the viscous length scale, separation of the shear layer occurs, causing an increase in the turbulence energy production in the near-wall region.
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                    Abbreviations
	
                      \(B(\sigma )\)
                    :
	
                      Probability density function of streamwise velocity

                    
	
                      \(c_{\text{f}}\)
                    :
	
                      Skin friction coefficient

                    
	
                      \(d\)
                    :
	
                      Cavity diameter (mm)

                    
	
                      \(H\)
                    :
	
                      Shape factor

                    
	
                      \(k\)
                    :
	
                      Variable-interval time-averaging (VITA) threshold

                    
	
                      \(Re_{x}\)
                    :
	
                      Reynolds number based on streamwise distance

                    
	
                      \(Re_{{u_{\tau } }}\)
                    :
	
                      Reynolds number based on friction velocity

                    
	
                      \(Re_{\theta }\)
                    :
	
                      Reynolds number based on momentum thickness

                    
	
                      \(t\)
                    :
	
                      Time (s)

                    
	
                      \(T_{\text{av}}\)
                    :
	
                      Averaging duration (s)

                    
	
                      \(T_{\text{W}}\)
                    :
	
                      Window length (s)

                    
	
                      Tu
                    :
	
                      Turbulence intensity

                    
	
                      u
                    :
	
                      Streamwise flow velocity (m/s)

                    
	
                      u
                      
                        τ
                      
                    :
	
                      Friction velocity (m/s)

                    
	Var:
	
                      Variance

                    
	
                      x
                    :
	
                      Indicates x-direction (streamwise) (m)

                    
	
                      y
                    :
	
                      Indicates y-direction (wall-normal direction) (m)

                    
	
                      z
                    :
	
                      Indicates z-direction (spanwise) (m)

                    
	
                      \(\sigma\)
                    :
	
                      Standard deviation

                    
	
                      \(\delta\)
                    :
	
                      Boundary layer thickness (mm)

                    
	
                      \(\delta^{ + }\)
                    :
	
                      Displacement thickness (mm)

                    
	
                      \(\theta\)
                    :
	
                      Momentum thickness (mm)

                    
	
                      \(\nu\)
                    :
	
                      Kinematic viscosity (m/s2)

                    
	+:
	
                      Denotes viscous time scale \(\left( {\frac{\nu }{{u_{\tau }^{2} }}} \right)\) or viscous length scale \(\left( {\frac{\nu }{{u_{\tau } }}} \right)\)
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