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Abstract. Turbulence is one of the last mysteries, not yet fully 

understood, in nonlinear fluid mechanics (including multiphase 
flows). In this course, we provide an introduction to turbulence 
by coupling the analysis of the most used numerical models 
(e.g., k-epsilon model) and the interpretation of real-world 
measurements, with a special focus on processes occurring in 
the atmosphere and in stratified water bodies such as lakes. 
The course covers theoretical and numerical aspects of 
turbulence modelling and introduces the necessary statistical 
tools for the analysis of data from turbulence observations both 
in the field and in the laboratory. 

 
PhD course 

Period: 7-11 and 14-18 February 2022 (detailed schedule to be confirmed)  Duration: 32 hours (4 credits) 

Location: DICAM, Trento, Italy & online Teaching language: English 

Info: https://www.unitn.it/dricam/, lorenzo.giovannini@unitn.it  Participation: free but registration is required 

 
Detailed program 

Introduction (8 hours) – prof. Dino Zardi 
The introductory module will outline the main properties of turbulence, reviewing both phenomenological evidence and conceptual 
bases. Concepts and results from statistical analysis of turbulence will be presented, in particular Reynolds averaging approach. 
Turbulent kinetic energy (TKE) will be introduced along with its governing equation, and an analysis of its contributing terms. The 
particular situations of homogeneous and isotropic turbulence will be addressed. 

Numerical methods for turbulent flows (6 hours) – prof. Michael Dumbser 
We will present semi-implicit finite volume and finite difference schemes on staggered meshes for the solution of the unsteady 
incompressible Reynolds-Averaged Navier-Stokes (RANS) equations, including a new provably positivity preserving (realizable) 
discretization of the k-epsilon turbulence model. We will discuss a low Reynolds number version of the k-epsilon turbulence model 
needed to simulate turbulent boundary layers near the wall. We also discuss direct numerical simulations (DNS) of the transition 
from laminar to turbulent flows. The numerical part contains extensive practical hands-on sessions at the computer using FORTRAN. 

Eddy covariance method (4 hours) – dr. Nadia Vendrame 
The eddy covariance technique is a micrometeorological method for directly measuring turbulent exchanges of energy and mass 
between a surface and the atmosphere. The lectures will give an overview of the method, covering the theoretical framework, 
instrumentation setup, and a practical exercise of data processing to calculate fluxes. 

Parameterization in atmospheric turbulence (6 hours) – dr. Lorenzo Giovannini 
This module will introduce state-of-the-art approaches used in numerical weather prediction models to parameterize turbulent 
processes taking place at the sub-grid scale in the atmospheric boundary layer. Practical examples will be provided considering the 
most used turbulence parameterizations implemented in the Weather Research and Forecasting (WRF) model. 

Turbulence in lakes and stratified flows (5 hours) – dr. Sebastiano Piccolroaz, prof. Marco Toffolon 
The lake/ocean module will provide an overview of turbulence in stratified flows, combining both a theoretical and an experimental 
point of view. Part of the lectures will be focused on the spectral analysis of turbulence microstructure profiles to estimate TKE 
dissipation rates and turbulent diffusivity. This module will be completed by a practical homework. 

Turbulence in multiphase flows (3 hours) – prof. Luigi Fraccarollo 
The focus is on the role of the solid phase in the generation of resistant tangential stresses in free surface flow with intense solid 
transport. The wall turbulence of the liquid phase is affected by the motion and collisions of the grains. The kinetic theory of gases 
offers the theoretical tool useful for the interpretation of the flow field through a continuous Eulerian model. 
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