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                    Abstract
Pipe flow is a well-documented case widely studied in both theoretical and practical applications. The present work aims at studying the influence of the Reynolds number on turbulent vortex distribution using Large Eddy Simulations (LES). Features such as the mean velocity profiles and root mean squared velocity are first numerically investigated for different fluid properties involving Reynolds numbers ranging from 5,925 to 15,190 in order to verify the law-of-the-wall and turbulence statistics with experimental and DNS data. Once the simulations are validated, the vortex core generation within the flow is studied through a detection algorithm based on the \({\lambda }_{2}\) criterion with two different approaches, first using an absolute threshold value and then using a relative threshold value depending on the turbulent intensity. Results are compared in terms of number of structures and Probability Density Functions for both the size and the radial distributions. Finally, results are compared for one condition with the Q-criterion to assess the results obtained resulting in practically identical volume and radial distributions. These results are deemed to shed light on the vortex formation and location to generate proper inflow boundary conditions to highly resolved simulations in varied engineering applications.
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Abbreviations
	DNS:
	
                      Direct Numerical Simulations

                    
	ECN:
	
                      Engine Combustion Network

                    
	SGS:
	
                      SubGrid Scale

                    
	WALE:
	
                      Wall Adapting Local Eddy-viscosity

                    
	LES:
	
                      Large Eddy Simulations

                    
	CFL:
	
                      Courant-Friedrich-Lewis

                    
	PDF:
	
                      Probability Density Function

                    
	
                      \({u}_{\tau }\)
                    :
	
                      Friction velocity

                    
	
                      \(R\)
                    :
	
                      Pipe radius

                    
	
                      \(R{e}_{\tau }\)
                    :
	
                      Kármán number

                    
	
                      \(R{e}_{D}\)
                    :
	
                      Reynolds number

                    
	
                      \(L\)
                    :
	
                      Pipe length

                    
	
                      \(D\)
                    :
	
                      Pipe diameter

                    
	
                      \({\overline{u} }_{i}\)
                    :
	
                      Resolved velocity vector

                    
	
                      \(\overline{p }\)
                    :
	
                      Modified kinetic pressure

                    
	
                      \({C}_{w}\)
                    :
	
                      WALE constant

                    
	
                      \({\overline{S} }_{ij}\)
                    :
	
                      Resolved strain rate tensor

                    
	
                      \(S\)
                    :
	
                      Symmetric strain rate tensor

                    
	
                      \({U}_{b}\)
                    :
	
                      Bulk velocity

                    
	
                      \({y}^{+}\)
                    :
	
                      Non-dimensional distance to the wall

                    
	
                      \({r}_{wall}^{+}\)
                    :
	
                      Cell size in radial direction on the wall in wall units

                    
	
                      \({x}^{+}\)
                    :
	
                      Cell size in axial direction in wall units

                    
	
                      \(r\)
                    :
	
                      Radial position

                    
	
                      \({u}_{x}\)
                    :
	
                      Axial velocity

                    
	
                      \({u}_{x,cl}\)
                    :
	
                      Axial velocity on the centerline

                    
	
                      \({u}_{x}^{+}\)
                    :
	
                      Axial velocity in wall units

                    
	
                      \({u}_{x,rms}^{+}\)
                    :
	
                      Axial root mean squared velocity in wall units

                    
	
                      \(f\)
                    :
	
                      Friction factor

                    
	
                      \({N}_{s}\)
                    :
	
                      Number of structures

                    
	
                      \({\tau }_{w}\)
                    :
	
                      Wall shear stress

                    
	
                      \(\rho\)
                    :
	
                      Density

                    
	
                      \(\nu\)
                    :
	
                      Kinematic viscosity

                    
	
                      \({\nu }_{t}\)
                    :
	
                      Turbulent viscosity

                    
	
                      \(\Delta\)
                    :
	
                      Width of the LES filter

                    
	
                      \(\Omega\)
                    :
	
                      Antisymmetric rate-of-rotation tensor

                    
	
                      \(\mu\)
                    :
	
                      Dynamic viscosity

                    
	
                      \({\omega }_{wall}^{+}\)
                    :
	
                      Cell size in azimuthal direction on the wall in wall units

                    
	
                      \(\xi\)
                    :
	
                      Non-dimensional radial position

                    
	
                      \({\xi }^{+}\)
                    :
	
                      Non-dimensional radial position in wall units
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