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Turbulence
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Plankton (aka Active Matter)




Turbulence Meets Active Matter

topical approach:
something old, something new...

W methodological approach:
‘M enable students to conduct in silico
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Intended Outcome: Bringing Research Experience to the
Classroom

Topics: Methods:
fluid dynamics > theory: dynamical &
turbulence theory complex systems
soft matter physics: > computational aspects:

agent-based & programming, numerical
continuum models solution of differential
statistical mechanics equations

Challenges:

»broad, multi-disciplinary range of topics

>»theoretically & computationally demanding
course material



Teaching Plan Implementation

Lecture: Tutorial:
> draw bigger picture > support student projects
> motivate & define problems > Introduce computational
for student projects methods
> provide theoretical > group discussions of
background outcome of “numerical
experiments”

Things | wanted to try out:
> active learning
> Just-in-time teaching
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Interactive Elements

What is Active Matter
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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

ordinary differential
equations

difficulty

partial differential
equations



Getting up to Speed
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Coding is Fun...Isn’t it?
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pedestrian evacuation

Results
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Why active fluids?

A short introduction to active fluids

DGL

Intermittent pattern forming system 3
i Cceleration €quation

dy;

velocity difference

” out te act ons

>
cha
nge of Position
Teodori Luca, Hiu-Fai ik | Active fluids and intermittent patterns

dr;
dr = vi(t)

Vv velocity, 0

. des;j|
Interactjon force Sl;ed velocity, e di

w wall inte"acti

fluids and intermittent patterns

.reCtl'on
» T C .
on forc haracter,stic ti
€, I position 'Me, m; mass

Helbin, Farka and Vicsek jp,
g,
s, Vicsek Nat |
ure

ij Person
eodori Luca, Hiu-Fai Yik | Act®

\What are we trying 0 model? C . .“
0
nvergence of the field

. a u(’l‘) = dr’
an active P T(r — .
to describe the solventflowin / T )Fa; 7 [6 (rl - [Mﬁw + £y
Suspens“)n" - i 21) J) 9 (r, - [’I"Qﬂ'y _ Zpalﬂ]>
5+ )]

RS

1
agy L\ T”)I+r‘37y®"’"i3r,® J ;
2 r3 ’ T 'pa y

L

Mode! pacterial Dense suspension

\ncompress'\b\e

Navier-Stokes inﬂuenfc‘,gwon the of bacteria u(0) = SL [ ( _dcosf 5
equations i 3 |t ) o (- 2eonipetr pom) o
ragyd ) refyy T7 | (p*Fr.paby
rafy3 T T Ly
’ ap l rofy3 P
P =
TP _paBy
2 124 l
P = 7'04/3’}’ _

_pa,87



Feedback (from 10 MSc, 1 BSc, 2 PhD students)

The course increased my interest in the topic. The workload is...
0% 0% 0% 0% 0% 61,5%38,5% 0% 0% 0% 53,8%23,1% 15,4% 7,7%
disagree |._|_| agree  fartoo low | ' | far too high

1 2 3 4 5 6 7 1 2 3 4 5 6 7

| learn a lot in this course. overall rating

0% 0% 0% 23,1% 7,7% 38,5% 30,8% 0% 0% 0% 0% 23,1% 38,5% 38,5%

lisagree | ' | agree very poor |_.|_| very good
1 2 3 4 5 6 7 1 2 3 4 5 6 7

“I really like the hybrid-lecture type of classes and projects”
“The project really increased my interest — very nice approach!”

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