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Turbulence

I can do it!

Werner Heisenberg

But it’s the last 
grand problem of 
classical physics!

Richard Feynman



Plankton (aka Active Matter)



huffingtonpost.c

Dombrowski et al. Dogic 

Turbulence Meets Active Matter

topical approach: 
something old, something new…

methodological approach: 
enable students to conduct in silico 

experiments in a emerging field in physics



Challenges:
‣broad, multi-disciplinary range of topics
‣theoretically & computationally demanding 

course material

Topics:
‣ fluid dynamics
‣ turbulence theory
‣ soft matter physics: 

agent-based & 
continuum models

‣ statistical mechanics

Methods: 
‣ theory: dynamical & 

complex systems
‣ computational aspects: 

programming, numerical 
solution of differential 
equations 

Intended Outcome: Bringing Research Experience to the 
Classroom



Lecture: 
‣ draw bigger picture
‣ motivate & define problems 

for student projects
‣ provide theoretical 

background

Tutorial:
‣ support student projects
‣ introduce computational 

methods
‣ group discussions of 

outcome of “numerical 
experiments”

Teaching Plan Implementation

Things I wanted to try out:
‣ active learning
‣ just-in-time teaching
‣…



Interactive Elements

polleverywhere.com



Student Projects

‣Generalized Vicsek models


‣Modelling of pedestrian dynamics: 
Can you escape?


‣Generalized Navier-Stokes equations 
as models for active flows


‣Collective dynamics of force dipoles 
in a Stokes flow


‣Active swimmers in a flow

difficulty

ordinary differential 
equations

partial differential 
equations



Getting up to Speed



Coding is Fun…Isn’t it?



Resultspedestrian evacuation active particles

active fluids



Introduction

Bacteria in solution show can show structured behavior: 

Large-scale vortex lattice emerging from collectively 

moving microtubules, Sumino et al, Nature, 2012

A Self-Organized Vortex Array of Hydrodynamically Entrained 

Sperm Cells, Riedel et al, Science, 2005

�Why active �uids?
A short introduction to active �uids

�

I Active �uids: dense suspensions whose

constituents can self propel;

I Study non equilibrium �ow patterns

induced by collective dynamics;

I Study active turbulence;

I Study pattern formation properties.

�M. C. Marchetti et al. “Hydrodynamics of soft active matter”. In: Reviews of Modern

Physics (����).

Teodori Luca, Hiu-Fai Yik | Active �uids a
nd intermittent patterns

What are we trying to model?

„…to describe the solvent flow in an active

suspension…“

Incompressible

Navier-Stokes 

equations

Model bacterial

influence on the
flow

Dense suspension

of bacteria

Collective dynamics of microswimmers in Stokesflow
Turbulence meets active matter: Project 7

Sven Martens, Dominik Anton Suchla,  Jan Cammann, Jan Hendrik Klaas, Prakhar Godara

Convergence of the field

r/theydidthemath

So much 
math...

Escape Room

Annika Frede &Anna-Marie Strehl

Theoretical
Background

Introduction

Uwe Weber, loveparade2010doku.wordpress.com

www.spox.com [4]

Escape Room

Annika Frede &
Anna-Marie Strehl

Theoretical
Background
Equations

Algorithm

DGL

Theoretical Background
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Final Presentations



Feedback (from 10 MSc, 1 BSc, 2 PhD students)
The course increased my interest in the topic.

I learn a lot in this course.

The workload is…

Teaching Evaluation Team

overall rating

“I really like the hybrid-lecture type of classes and projects”

“The structure of the course combined with the tutorials was very good. I learned a lot about 
programming, which will certainly be useful for my future studies”

“The project really increased my interest — very nice approach!”
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