
 - 1 - 
 

1

 
Natasa Babacev, Undergraduate Student 
University of Belgrade 
Faculty of Mathematics 
Department of Numerical Mathematics and Optimization 
 
 
 
Subject:  Report on student internship at the University of Stuttgart 
 
 
Objectives and expectations 
 
Studying Numerical Mathematics and Optimization in Belgrade gives student very high 
theoretical knowledge in numerical mathematics as well as in functional analysis. On the 
other hand, computer programming is only basic and is not encouraged, while applied 
mathematics is completely neglected. 
 
My objective is applying Numerical methods in different technologies, such as 
mechanical engineering and various applications of fluid dynamics. Using numerical 
simulation in various predictions and optimisation processes is a grate challenge for me. 
Moreover, any application of numerical methods is unthinkable without good 
programming skills.  
 
Coming to University of Stuttgart my primary goal was to get some idea about the 
process of numerical simulation. I was interested in learning about all the different 
aspects of numerical simulation and putting it all together in one final product. I did have 
some theoretical knowledge on the subject. Nevertheless, it is completely different from 
having a problem that needs to be treated with numerical methods. Although my 
computer programming skills were rather poor, I was looking forward to make some 
serious advance in this area.  
 
 
 
Assignment 
 
The main guideline for my work was the book “Numerical Simulation in Fluid 
Dynamics” by M. Griebel, T. Dornseifer and T. Neunhoeffer. I used the code I found on 
the Internet based on the book. The book in package with the code gave me a good idea 
about the technology of numerical simulations. 
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Following the book I was able to reconstruct the process of numerical simulation. 
Starting with the flow of viscous incompressible fluid, the mathematical model is set in 
the form of Navier-Stokes equations. This system of partial differential equations (PDE) 
is discretized. The theory of numerical mathematics gives the algorithm for solving this 
system. The method of finite differences is used. I used the code that came with the book. 
It contains the implementation for several problems explained in the book. 
With my basic knowledge in programming, it took me some time to go thru the code and 
understand the way it works. The code is written in modules, which was very helpful.   
 
The program solves several problems in fluid dynamics. Starting from the simplest one 
the book slowly introduces problems that are more complex. Following the book the code 
was easy to follow. 
 
I could run the program on all the problems considered, but I needed to see the solution. 
In order to observe the fluid flow I used the graphics tool gnuplot while it is available on 
the Internet. I had to change the form of the output data so that gnuplot could use it for 
the visualization. I studied the gnuplot documentation to find out the required form of the 
data. Using this knowledge I could now write the parts of the program to make the 
visualization possible. 
 
Using gnuplot I was able to play a short movie that shows how the fluid flows in time. 
Considering various problems in fluid dynamics, I could observe how putting different 
conditions on the similar system of equations describes different phenomenon. I was able 
to compare how different problems have particular initial and boundary conditions. 
Changing some of the parameters of the problem gave different results as well. 
 
At this point, I was ready for the challenge of parallel programming. I worked on the 
Message Passing Interface (MPI). To learn more about it I used mainly literature I could 
find on the Internet (MPI documentation and some helpful examples). I implemented the 
necessary MPI commands in the sequential program. Unfortunately, I did not have 
enough time to get the parallel program working properly. Nevertheless, I learned a lot on 
the subject. I am now familiar with the basic concepts of parallel programming, what 
process means, communication between processes, running the program on different 
number of processes. I already some knowledge on parallel programming, but now I was 
able to write a program on my own. I also ran the program on different number of 
machines, with several processes.  Unfortunately, my program did not give the proper 
results, so I was not able to compare the execution time of the parallel algorithm running 
on different number of processes.  
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Evaluation 
 
After these two months I have a very good insight in numerical simulation, what it is and 
how it works. I had a specific problem that needs to be solved and I got to the solution. It 
was very interesting to learn how to set the mathematical model according to the treated 
problem.  Using the gnuplot visualisation tool, I could observe how changing the 
parameters of the problem affected the result. These parameters are related to the 
viscosity of the fluid as well as the temperature, depending on nature of the problem. 
 
I did a lot of programming in C. First, I analysed the existing code, and then I changed it 
to suit my needs. The adaptation of the code was determent by the graphical tool I used. 
Therefore, I learned how to use gnuplot in order to get the best representation of the 
results. I required that the visualisation process is as easy to use by someone not familiar 
with gnuplot as well.  
 
Even though I wasn’ t able to get the parallel version of the program working properly, 
just trying helped me to understand how it works. I have a rather good picture what 
parallelization of the sequential program means in practice and how it is implemented. I 
will try to finish the parallel program at the SimLab in Belgrade (laboratory for parallel 
processing founded by the donation of DAAD on the Faculty of Mechanical Engineering 
at Belgrade University). I would also like to extend the code I worked on to solve few 
more problems in fluid dynamics. There are few problems treated in the book I used that 
are not covered by the code. 
 
This experience was very valuable. I had an opportunity to apply the numerical 
mathematics I study to the practical problems that occur in fluid dynamics. I plan to 
expand my field of studies to mechanics, which is very fruitfully combined with 
mathematics in meeting the needs of modern technologies. 
 
Spending two months at the department of Prof. Bungartz was a pleasure. I was working 
on my own. Nevertheless, I found help every time I ran out of ideas to solve the problems 
that occurred during my work, especially problems related to programming. Besides the 
help I got for my work, the entire surrounding was highly motivating. We often 
considered everyday issues from mathematical point of view. Ones a problem was set, we 
talked about the possible solution and optimisation. I found these informal discussions 
very challenging. 
 
These two months represent a turning point in my education. I learned a lot. Even more, I 
realized that this is just the beginning of my education. 


