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Project assignment 1 (deadline Wed 21/4)

• The purpose of this assignment is to formulate your research 
question, which will guide the method you choose in your project, the 
analysis and discussion of your results. 
• Together with your research question you should draft an 

introduction section for your project report, including: 
• (i) your research question, 
• (ii) background to your research question (why it is important),  
• (iii) state of the art in the field (including references). 

• You submit (i)-(iii) as one pdf-document, maximum 2 pages.



Project assignment 1 (deadline Wed 21/4)

Some questions to guide your choice of research question:
1. In what area of fluid dynamics would I like to do my project?
2. What are the main challenges of that area?
3. Is there a research question related to these challenges that I can 

investigate with the methods and software tools used in the lab 
assignments 1-4? If not, would I be able to extend the methods and 
software to address the research question?



Final project report (deadline Sun 30/5)
Length: 10 pages (including title page and references)
Format: pdf
Layout:

• Title page (including abstract)
• Introduction (research question, background and state of the art)
• Method (methods to be used, and experiments to be performed)
• Results (present the results of the experiments)
• Discussion (discuss the results in relation to the research question)
• Conclusion (summarise your conclusion, and propose future work)
• References (list the literature you cite in the report)

Appendix
• Software implementation (source code)
• Literature review (extended state of the art section): 2 pages (only for FDD3371)

Style:
• Assume the reader to have taken the course
• Include images to support the text (reference all images in the text)



Final project presentation (Tue 8/6)

Length: 20 minutes
Layout:
• Title page
• Introduction
• Method
• Results
• Discussion
• Conclusion

Style:
• Assume the audience to have taken the course
• Use media (images, movies,...) to support your presentation



Nasa CFD Vision 2030

CFD TECHNOLOGY GAPS AND IMPEDIMENTS
• Effective Utilization of High-Performance Computing (HPC)
• Unsteady Turbulent Flow Simulations Including Transition to 

Turbulence and Separation
• Autonomous and Reliable CFD Simulation
• Knowledge Extraction and Visualization
• Multidisciplinary/Multiphysics Simulations and Frameworks



Clay $1 million Prize problem

• Existence and smoothness of Navier–Stokes solutions on R3. Take ν > 
0 and n = 3. Let u◦(x) be any smooth, divergence-free vector field 
satisfying (4). Take f(x,t) to be identically zero. Then there exist 
smooth functions p(x,t), u(x,t) on R3 × [0, ∞). 
• Breakdown of Navier–Stokes solutions on R3. Take ν > 0 and n = 3. 

Then there exist a smooth, divergence-free vector field u◦(x) on R3 
and a smooth f (x, t) on R3 × [0, ∞), for which there exist no solutions 
(p, u) of the Navier-Stokes equations. 



Gallery of fluid motion

Ex. COVID spread with and without mask: differential equations vs deep learning

https://gfm.aps.org/meetings/dfd-2020/5f4fe574199e4c091e67ba6e

https://gfm.aps.org/meetings/dfd-2020/5f5e6ef8199e4c091e67bd37

https://gfm.aps.org/meetings/dfd-2020/5f4fe574199e4c091e67ba6e
https://gfm.aps.org/meetings/dfd-2020/5f5e6ef8199e4c091e67bd37


UN Sustainable Development Goals



Example projects (2020)



On stabilization for Navier-Stokes equations

• Stabilization is used for two reasons: 
1. To be able to use equal order interpolation while respecting the inf-sup 

condition. 
2. To avoid spurious oscillations when the mesh is too coarse to resolve fine

scale features in the solution.

• Least squares stabilization is based on a quadratic penalty term for 
the residual. 
• Linear approximation in time: test functions are piecewise constant in 

time, so that the time derivative of the test function is zero. Hence, 
the residual of the test functions has zero time derivate. 



On stabilization for Navier-Stokes equations



On stabilization for Navier-Stokes equations



On stabilization for Navier-Stokes equations


