
Masters Internship 
Preconditioner update after grid refinement 

 Context 

At Ignition Computing, we are 
developing the PreconNet Toolbox in 
order to speed up the solving of 
systems of linear equations of the form 
Ax=b. Solving such systems is at the 
core of many multi-physics simulations, 
and often is the computational 
bottleneck of the simulation. Speeding 
up this step would significantly reduce 
compute power needs. 
 
One approach is to use preconditioned 
iterative solvers, and to update the 
previous preconditioner: instead of 
generating a new one, the previous 
preconditioner is altered based on the 
current linear system. How to do this is 
still underexplored in the case of grid 
refinements such as in figure 1. Could 
an updated preconditioner be worth the 
cost compared to a newly generated 
one? 

 
Figure 1: Flow around RAE2822 airfoil. 

Before(top) and after (bottom) Flow-adaptive 
Mesh refinement. ​

F. Capizzano - High Reynolds Number Simulations 
by Using an Immersed Boundary Technique. 

 

 Project overview 
 

In this project you will: 
●​ Conduct a literature study on updating preconditioners. 
●​ Derive and analyze various schemes for updating a preconditioner after a grid 

refinement. 
●​ Compare the performance and cost of an updated preconditioner with a newly 

generated one. 

https://www.researchgate.net/publication/260780500_High_Reynolds_Number_Simulations_by_Using_an_Immersed_Boundary_Technique
https://www.researchgate.net/publication/260780500_High_Reynolds_Number_Simulations_by_Using_an_Immersed_Boundary_Technique


 
 

What we are looking for What we are offering 

The best fit for this internship is a student with: 
 

○​ A background in numerical linear 
algebra or scientific computing.​
 

○​ An interest in iterative solvers and 
preconditioning techniques.​
 

○​ Programming skills and 
knowledge/interest in programming 
languages such as Python, C++, 
Mathematica or MATLAB. 

Besides a challenging internship project we 
offer: 
 

○​ Good support from enthusiastic team 
members.​
 

○​ Free lunch, drinks and snacks. 
 

○​ Nice office, located in Strijp-S.​
 

○​ An internship allowance of ​
€500,- per month. 

 Interested? 

Send an e-mail to info@ignitioncomputing.com containing a brief summary of your 
mathematical background and a short description of who you are. 

About Ignition Computing 

We are an Eindhoven-based consultancy firm for research software, focussing on nuclear 
fusion and physics- and mathematics-heavy problems. We assist our clients by writing and 
optimizing simulation codes, combining them into streamlined modelling workflows, and 
building advanced visualizations and infrastructure tools. 

 

 

 Reading material 

●​ Y. Saad - Iterative methods for 
sparse linear systems (2nd edition) 

●​ A. Carr - Preconditioning 
Parametrized Linear Systems 

 

 

 
Figure 2: 2D simulation of 0.0002s of water flow 
through a cavity. Calculation time ~ 23 minutes. 

OpenFoam tutorial 
multiphase/cavitatingFoam/les/throttle Summary 

mailto:info@ignitioncomputing.com
https://www-users.cse.umn.edu/~saad/IterMethBook_2ndEd.pdf
https://www-users.cse.umn.edu/~saad/IterMethBook_2ndEd.pdf
https://arxiv.org/abs/1601.05883
https://arxiv.org/abs/1601.05883
https://www.xsim.info/articles/OpenFOAM/en-US/tutorials/multiphase-cavitatingFoam-les-throttle.html
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