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ABSTRACT

We�investigate�the�computation�of�the�Lagrangian�second-order�structure-function�for�describing�the�multiscale�dy-

namics� of� turbulence� based� on�measured�particle� trajectory�data.� Using� time-resolved� three-dimensional�particle�
tracking�velocimetry�(4D-PTV),�we�statistically�quantified�turbulent�properties�of�the�anisotropic�and�inhomogeneous�
flow�field�behind�a�cy linder�at �a�Reynolds�number�of �39 00.�Lagrangian�statistical�analysis�has�been�performed�on�
nearly�12000�trajectories�for�4000�time�steps.

1. Introduction

Recent advances in time-resolved three-dimensional particle tracking velocimetry (4D-PTV) ex-
tend the possibility of exploring the Lagrangian viewpoint of turbulent properties along particle
trajectories. The recent work of Viggiano et al. (2021) showed how we could obtain fundamental
Lagrangian turbulence quantities, particularly the Lagrangian structure function scaling constant
C0, from anisotropic and inhomogeneous dynamics of a jet flow by normalising the trajectories
based on local Eulerian scales. The C0 constant in the Lagrangian framework is in a similar role as
the Kolmogorov constant in the Eulerian framework (Viggiano et al., 2021). In the present study,
we are interested in examining the stationarisation process proposed by Viggiano et al. (2021) in
the wake behind a smooth cylinder and studying Lagrangian statistics from Spatio-temporal tra-
jectories.

2. Lagrangian diffusion properties

Taylor’s turbulent diffusion theory (Taylor, 1922) has been used widely to study homogeneous
isotropic turbulent (HIT) flows. In a given time τ , Taylor’s theory computes the Lagrangian two-
point correlation function RL

uu(τ) for an ensemble of particle trajectories based on the mean square
displacements of particles σ2(τ) that can be written as,
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