
Burgers’ turbulence and Artificial 
Neural Networks 

Using Artificial Neural Net-
works to unravel the dynam-
ics of turbulent scalar mix-
ing and transport. 
At first glance, the Burgers’ equation 
is a seemingly innocuous, 1-dimen-
sional Partial Differential Equation 
(PDE). But dig deeper, and there’s a 
whole plethora of unexpected and 
extremely interesting phenomena 
going on. 
  What makes Burgers’ turbulence 
particularly interesting is the fact that 
non-linear interactions inherent in this 
relatively simple PDE closely mimic 

that found in natural phenomena. 
This makes Burgers’ turbulence an 
ideal simplified system for studying 
dynamics that govern a wide range 
phenomena, such as the formation of 
nebulae on the astrophysical scale, to 
the effective mixing of fuel and oxi-
diser at the molecular scale.
   The goal of the project will be to 
simulate scalar transport in Burgers’ 
turbulence, and to train artificial neur-
al networks to predict correlations 
between between dynamics in the 
velocity and the scalar fields. The 
student will gain invaluable experi-
ence with using various techniques 

and advances in Machine Learning 
and applied mathematics.
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PREREQUISITES
Programming in C/C++
Familiarity with Numerical Tech-
niques for solving ODEs & PDEs

CONTACT
Prof. Petros Koumoutsakos
Dr. Siddhartha Verma
Guido Novati
e-mail: petros@ethz.ch

sverma@ethz.ch 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CSE LAB
Chair of Computational Science- D-MAVT

WWW.CSE-LAB.ETHZ.CH  

In the CSE Lab we combine computational methods, computer science tools and domain 
specific knowledge to solve scientific and engineering problems in areas such as Fluid 
Mechanics, Nanotechnology and Life Sciences. The core computational competences of 
our group are in particle methods and in stochastic optimization techniques. Motivated by 
challenges in application fields, we focus on identifying the common elements among computational 
techniques and on formulating common methodological, algorithmic and software structures that 
facilitate their further development.
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Description (from left): 1) The Orion nebula (credit: spacetelescope.org). 2) A simplified schematic of a 

deep Artificial Neural Network.
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http://www.icos.ethz.ch/cse
http://www.icos.ethz.ch/cse

