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Abstract: The dynamic motion of fluid flows often exhibits characteristic flow patterns which are 
commonly referred to as vortices. Over the years, researchers have proposed numerous definitions 
for a vortex in three dimensions although none reached a consensus. In the field of flow visualization, 
there is a wide range of methods to study and classify flow structures. In this talk, I will present a  
methodology that addresses flow analysis by formulating and solving an inverse problem. The idea is 
to classify the two-dimensional vortex vector field in terms of closed and smooth circulation paths. We 
will specifically look for a classification function that maximizes the total cluster-averaged circulation 
over all subsets. The data is constrained to a discrete 2D plane containing a snapshot of a 3D velocity 
vector field. I will show how to construct an inverse problem by applying Stokes' theorem in 
combination with 2D variational regularization. The solution to the inverse problem provides a 
threshold-free segmentation of vector-valued structures that can be interpreted as vortex structures 
through the definition of the Stokes theorem. The method is able to identify pairwise related structures 
whose relationships are given by their direction of rotation. Adding the circulation values of pairwise 
opposite structures gives a zero. This result stimulates considerations about the topological properties 
of the structures found. The performance of the method is demonstrated on numerous flows with 
steadily increasing complexity: time-independent double vortex, Bickley jet, and a velocity vector field 
of a direct numerical simulation of a turbulent channel flow. 

 
Die Disputation besteht aus dem o. g. Vortrag, danach der Vorstellung der Dissertation einschließlich 

jeweils anschließenden Aussprachen. 
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