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CFD with OpenSource Software, 7.5 ECTS, 2022

Start date: 29" August 2022
End date: Mid-January 2023

Maximum number of participants: ~9.
Passed basic usage course is a prerequisite!

Syllabus:
e Purpose:

o To learn how to understand and modify OpenFOAM applications and libraries

o To do a major project work related to OpenFOAM usage, theory, implementations and
modifications

o To teach others about OpenFOAM usage, theory, implementations and modifications
(Docendo discimus — Latin: “by teaching, we learn”)

e Learning outcomes:

o The student will be able to read and understand much of the code of OpenFOAM, and
to do some modifications to both applications and libraries.

o The student will gain experience in teaching the gained knowledge to others.

o The student will develop skills in writing reports and to be part of peer-review
processes (both as author and reviewer).

e Contents:

o We go through the directory and file structure of OpenFOAM, and some name
conventions.

o We learn about OpenFOAM compilation procedures.

o We have a look at high-level programming of applications in OpenFOAM, including how
to use Doxygen to figure out how to use objects of different classes.

o We go through programming in C/C++ and object orientation and relate it to
OpenFOAM and compilation processes.

o We have a look at programming of libraries and the classes in them.

o We introduce debugging options.

o The examination is by hand-in of assignments and an extended project work that is
subjected to a peer-review process and should be taught by the student as a part of
the contents of the course.

e Prerequisites:

o You are enrolled as a PhD student the entire duration of the course.

o Excellently completed the course “Basic Usage of OpenFOAM”, showing proof of
capabilities to follow instructions, follow deadlines, work independently, share
knowledge, and deliver high quality.

e Preparations (before the start of the course):

o Installation of required software (a specific OpenFOAM version, which may not
necessarily be the latest one).

o Get CID account and set up mail address in Canvas.

o Make sure to have good Internet connection for the on-line lectures and gatherings.

o Define a project idea, to make align with the requirements of the course (see project
work below).

o Set aside a lot of time for the course! It is indeed a huge amount of work! See the
requested hand-ins below, under Examination.

e QOrganization and examination:

o Learning platform: https://canvas.chalmers.se/ (log in with CID)

o How to understand and modify OpenFOAM: applications (solvers and utilities)

= Examination:
e Quiz.
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e Hand-ins of high-level programming tasks. To be handed in perfectly
cleaned up, and with scripts that can be used by us to check that
everything has been correctly done. The scripts should work at first
attempt, and it is thus important that it has been made sure that a
change of user or installation directory does not break the script.

o How to understand and modify OpenFOAM: libraries and the classes within them.

= Examination:

e Quiz.

e Hand-ins of class/library programming tasks. To be handed in
perfectly cleaned up, and with scripts that can be used by us to check
that everything has been correctly done. The scripts should work at
first attempt, and it is thus important that it has been made sure that
a change of user or installation directory does not break the script.

o Project work, peer-review and presentation.

* Independently write and present a DETAILED TUTORIAL. It should describe a
part of OpenFOAM (and other OpenSource Software). With “independent” it
means that you should use the knowledge gained in the course to do this
mainly yourself. You have access to a discussion group, where you can share
knowledge with the other students. The teacher and assistant may assist to
some extent if time allows.

= The tutorial should address the following, regarding functionality, methods,
models (here referred to as “it”):

1. Howtouseit

2. Thetheory of it

3. Howitis implemented

4. How to modify it

= NOTE that for the first three parts, "How to use it", "The theory of it", and "How
it is implemented", you should have a focus on things that are already
existing, to give a context for the "How to modify it" part. For the
modifications in the "How to modify it" part, it should also be described how
to use it, the theory of it, and how it is implemented.

= The tutorials form a part of the course contents, also for the other participants.

= The focus should be on how to understand and how to do things rather than to
present results of advanced simulations.

® The cases to be run should be small, so that they run fast. That will mean that
the meshes will be too coarse for accurate results, but that accurate results
can be obtained by making a denser mesh.

= You must peer-review the work of another student before the presentations,
and you must take peer-reviews into consideration in your own work. Your
supervisor must agree to peer-review the scientific contents of your work.

® The output should be of high quality!

® The report, slides and accompanying files will be posted on-line in the course
proceedings, as a contribution to the OpenFOAM community.

= |t is encouraged to further develop the project work after the course, for
submission and possible publication in the OpenFOAM Journal.

Registration:

Note that there is no use to try to register without having first finished the course Basic Usage of
OpenFOAM successfully!

Registration starts just after the finalization of the course Basic usage of OpenFOAM.

Information requested to show interest to register (send to hakan.nilsson@chalmers.se):

e Full name (first, middle, family)
e Birth date (YYYY-MM-DD, or Swedish personal number, or CID if you know what that is)
o Preferred email address
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University of PhD student enrolment

Start and end dates of PhD studies (YYYY-MM)

Name of supervisor

Email address to supervisor

Scan of certificate of completion of the course “Basic Usage of OpenFOAM” (or transcript from

Ladok, for Chalmers students)

e Short description of a course project idea, and how it can be adapted to the course
requirements described above. It is highly preferable if the project contributes to your PhD
work, so that it is useful to more than the course.

e A scan of a signed letter from supervisor, showing:

o That you are a PhD student during the duration of the course

o That she/he wants you to participate in the course “CFD with OpenSource Software”,
7.5 ECTS

o That she/he understands that this course takes a lot of time and effort, and that you
will be given time to fulfil the requirements of the course.

o That she/he accepts to thoroughly review your final report with respect to the scientific
contents, between Christmas and a week before the presentation days in mid-January

Approximate time spent on the course, reported by student(s):
e How to modify OpenFOAM: high-level programming of applications:
o Lectures: 12h
o Quiz and assignment: 16h
e How to modify OpenFOAM: libraries and the classes within them:
o Lectures: 12h
o Quiz and assignment: 20h
e Project work:
o Work: 50h
o Report writing (total): 60h
o Peer-review: 8h
o Preparation of presentation: 8h
o Presentation days: 12h
e Total: 198h (5 full weeks)
Highly dependent on student background!

Certificate
e PhD students at Chalmers will have their result reported in Ladok, under course code
FTMEOQSS5.

e Other PhD students will get a signed certificate in scanned pdf (and sent by regular mail if
requested). The certificate may contain statements of how the work in the course has
progressed.

FAQ
e To be added
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