
Learning a Curvature Estimator 
Estimation of the interface 
curvature using a Machine 
Learning algorithm applied 
to multiphase flows with sur-
face tension. 
Multiphase flows with bubbles and 
drops are widely observed in nature 
and industry. Examples include flows 
in pipes, turbines and chemical reac-
tors. Numerical simulation of such 
flows presents a challenge due to the 
presence of surface tension. Calcula-
tion of the surface tension force relies 
on estimation of the interface curva-
ture. Common techniques using finite 
differences show poor accuracy at 
low resolutions.

The project goal is development of a 
new data-driven method for curvature 
estimation using a Machine Learning  
algorithm. One possibility is a Multi-
layer Perceptron taking as input the 
values of gas concentration defined 
on a grid. The training set consists of 
concentration fields describing circles 
at random positions. 
This implies the following tasks: 
1)  implement the estimator within a 
provided finite volume CFD solver, 
2)  implement the learning algorithm, 
3)  evaluate the accuracy on various 
test problems.
The content is suitable for a Bachelor 
thesis, Master thesis or a semester 
project. 

�

�

PREREQUISITES
Programming in C++, Python
Basics of Machine Learning
Computational Fluid Dynamics

CONTACT
Petr Karnakov
(kpetr@ethz.ch)

Prof. Petros Koumoutsakos
(petros@ethz.ch)
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CSELAB 
Chair of Computational Science - D-MAVT

WWW.CSE-LAB.ETHZ.CH  

In the CSE Lab, we combine computational methods, computer science tools and do-
main specific knowledge to solve scientific and engineering problems in areas such as 
Fluid Mechanics, Nanotechnology and Life Sciences. The core computational compe-
tences of our group are in particle methods and in stochastic optimization techniques.
Motivated by challenges in application fields, we focus on identifying the common ele-
ments among computational techniques and on formulating common methodological, 
algorithmic and software structures that facilitate their further development.
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