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Advisor’s statement to a doctoral dissertation 
"Towards efficient numerical computation of flows of 

non-Newtonian fluids" 
by  

Jan Blechta 
 
The main body of the Jan Blechta’s doctoral thesis is formed by three chapters titled: 

(1) On the classification of incompressible fluids and a mathematical analysis of 
the equations that govern their motion. 

(2) Localization of the W−1,q norm for local a posteriori efficiency. 
(3) Analysis of PCD preconditioner for Navier-Stokes equations. 

I would like to briefly comment on the thesis as a whole taking two different viewpoints 
on these chapters.  
 

First, these apparently unrelated topics should be understood as particular 
pillars in the overwhelming attempt to develop and implement theoretically based 
efficient, reliable and stable methods capable of computing three-dimensional flows of 
complex fluids. In fact, one of the strong motivation for this type of research has been 
initiated by Martin Vohralík’s suggestion to write together a paper on steady flows of 
implicitly constituted incompressible fluids described by a generalized Stokes system 
with emphasis on a posteriori error control and full adaptivity, and supported by 
computational results for representative examples (being far from Navier-Stokes 
regime). Another source of motivation has come from the goal to develop software for 
computing three dimensional processes described by the Cahn-Hilliard-Navier-Stokes 
equations for three constituents. Jan Blechta and Martin Řehoř developed a code (an 
extension of FEniCS library), based on preliminary results presented in Chapter 3, and 
applied it to computing production processes of float glass (in cooperation with Glass 
service company). 
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Second, the diverse topics of individual chapters and, even more, a detailed 
inspection of the results of particular chapters demonstrate that Jan Blechta has 
managed to master and combine various different fields ranging from fluid mechanics, 
continuum  thermodynamics and theory of mixtures through functional analysis, partial 
differential equations (PDEs) and PDE analysis of incompressible fluid flows up to 
broad aspects of numerical mathematics and scientific computing,  keeping aside his 
extraordinary skills in programming.  
  

Each chapter of Jan Blechta’s doctoral thesis represents an original piece of 
work and contains novel contributions. Jan Blechta is eager and able to achieve high-
quality and high-precision scientific work. I am pleased to recommend his thesis for the  
defense.      
 

I would like to conclude with a comment that can be considered as a contribution 
to possible discussion concerning the length of the PhD studies. Jan Blechta’s study 
took 5 and half years, but no part of this period was wasted. During his studies he 
regularly contributed to FEniCS software as a developer. In the period 2016-2018 he 
was a member of the FEniCS Project Steering Council and in 2015 he was on the 
scientific committee of FEniCS’15 conference held at Imperial College in London. He 
also co-organized FEniCS hands-on courses for students. He contributed by careful 
proofreading to the book we wrote with Zdeněk Strakoš; in fact, I see Jan Blechta as 
one of the first researchers influenced by co-existence and co-operation of the matrix 
computation and modeling groups at our university. Jan’s PhD study has been also 
linked, for a couple of years, with intense cooperation with Glass service company 
working in the field of glass technology, and Jan Blechta contributed to success of this 
cooperation being involved in two research projects.  To succeed in so many diverse 
topics and activities, one needs time.  
 
 
 
      Prof. RNDr. Josef Málek, CSc., DSc. 

    
     

 
 
 


