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To conduct high fidelity fluid dynamics siumulations, it is often convenient to rely on structured
computational grids. To that end, the Wind Energy Research Group of the Institute of Aero-
dynamics and Gas Dynamics relies on commercial software that has been partly automated to
generate high quality turbine blade meshes.

The topic of the thesis is thus to develop an alternative approach to structured mesh generation
that relies solely on open source software. It will allow to complete the surface mesh part of the
tool chain without the need for licensed software and also be able to extrude this mesh into a
component of the Chimera-based distributed numerical fluid domain.

Milestones:

e create a method to build a structured surface mesh on the outer mantel of a rotor blade
or wing surface

o expand the method to allow extending the surface mesh to include the tip of the blade as
well

« verify the capability of the method to work with different blade profiles

e ensure the high quality of the generated meshes by automatically inspecting the skewness
and growth ratio and/or other quality parameters of the surface mesh and by need imple-
menting mitigation strategy using automatic blade inspection or, if necessary, simple user
input requests

e implement an extrusion method to generate a high quality 3D mesh starting from the
generated full surface mesh

e tune the extrusion method to allow setting mesh parameters such as the boundary condi-
tion at its root and the growth ratio, given a function or a list of values

e implement a verification of the resulting quality of the 3D mesh along with automatic
mitigation strategies
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Abstract

The generation of high-quality Computational Fluid Dynamics (CFD) meshed wings for wind energy
turbines currently requires either a very laborious process of building each wing by hand or requires
the purchase of very expensive software. With university budgets and the advantages of open-source
in mind, an open-source solution is desirable. The following thesis tackles this problem via a grid
generation code in Python with Gmsh and extrusion via Pyhyp. However, designing software that
has all of the features of commercial software with open source software leads to situations in which
the intended way of usage is not the best way for the given task. An example of another open-source
approach is the MACH-AERO framework which is an aerodynamic shape optimization tool that
creates a grid along the way and extrudes it. However, this does not cover the intended usage of
openblademesh for purely structured grid generation for predefined wings. Here we show one way
to achieve an open-source solution with Gmsh and Pyhyp. All the necessary software, the versions
needed, and installation instructions are described. Also how the wing generation process is achieved
with special concentration on the wing-tip is part of the following thesis. The thesis also describes
how to use the presented software Openblademesh and how to achieve the best results. The tool
uses various automatisms to take the workload off of the user and helps to achieve the best mesh.
Finally, the advantages and limitations of the tool are assessed and future extensions are described.

Die Erstellung von qualitativ hochwertigen Computational Fluid Dynamics (CFD)-vernetzten
Fliigeln fiir Windenergieanlagen ist derzeit entweder ein sehr aufwéandiger Prozess, bei dem jeder
Fliigel von Hand gebaut wird, oder durch sehr teure software ermoglicht wird. Mit Blick auf die Uni-
versitatsbudgets ist eine Open-Source-Losung wiinschenswert. In der folgenden Arbeit wird dieses
Problem durch einen Gittergenerierungscode in Python mit Gmsh und Extrusion iiber Pyhyp ange-
gangen. Die Entwicklung einer Software, die alle Eigenschaften kommerzieller Software besitzt, mit
Open-Source-Software fiihrt jedoch zu Situationen, in denen die vorhergesehene Code Struktur der
Open-source-Software nicht die beste fiir die gegebene Aufgabe ist. Ein Beispiel fiir einen anderen
Open-Source Ansatz ist das MACH-AERO-Framework, ein Werkzeug zur aerodynamischen Formop-
timierung von Fliigeln generell, das unter anderem auch ein Gitter erstellt und dieses extrudiert. Dies
deckt jedoch nicht die beabsichtigte Nutzung von Openblademesh zur rein strukturierten Gittergener-
ierung fiir vordefinierte Tragflachen ab. Hier wird ein Weg gezeigt, wie man eine Open-Source-Losung
mit Gmsh und Pyhyp erreichen kann. Es werden die bendtigte Software, die bendtigten Versionen und
die Installationsanweisungen beschrieben. Auch wie der Prozess der Fliigelgenerierung mit beson-
derem Augenmerk auf die Fliigelspitze erreicht wird, ist Teil der folgenden Arbeit. In der Thesis wird
auch beschrieben, wie man die vorgestellte Software Openblademesh benutzt und wie man die besten
Ergebnisse erzielt. Das Tool verwendet einige Automatismen, um den Benutzer zu entlasten und
hilft, das beste Netz zu erzielen. Obwohl es gelungen ist, ein quelloffenes Werkzeug zur Gittergener-
ierung zu entwickeln, gibt es noch Probleme, die in Zukunft behoben werden miissen. Abschlielend
werden die Vorteile und Grenzen des Tools im Vergleich zu kommerzieller Software bewertet.
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Acronyms

CAD
CFD
DLR
GUI
IAG
NACA
TE

Computer Aided Design

Computational Fluid Dynamics

Deutsches Zentrum fiir Luft- und Raumfahrt
Graphical User Interface

Institute of Aerodynamics and Gas dynamics
National Advisory Committee for Aeronautics
Trailing Edge



Symbols

a first step in geometric series
al first step on examined line

a2 first step on second section
k control variable

[1 length of first section
13 length of last section

nl entire nodes over wing
n2 number of nodes on entire wing, excapt last section

n3 amount of nodes at the end of section one

r coefficient of geometric series

rl coefficient of geometric series for node distributuion

y marching direction normal to cell



Introduction

Climate Change Climate change affects us all and pushes the global community towards renewable
energy sources. This is because most of the consumed energy over the last century was provided
by fossil fuels. Therefore, the world needs to consider different solutions to the question of how the
increasing energy demands can be met to preserve today “s standards while still protecting the earth
from the man-made threat of climate change. To tackle one of the biggest problems of the twenty-first
century, a lot of research and development needs to be dedicated to this topic, and to harvest the free
available resources of the earth such as wind, water or tidal forces is a very convincing step towards
a climate-neutral future. One of many potential solutions to emission-free energy production that is
currently being worked on in parallel focuses on wind energy. However, since the use of this form of
energy production on such a big scale is quite new it requires constant development.

Wind Energy Historically, wind energy was used in windmills, sailing boats, or windpumps. Today
however, the majority of wind energy is used for converting kinetic energy from the wind to electric
energy via a generator installed inside the wind energy plant.

Wind turbines have gained center stage in scientific research since wind is accessible almost every-
where. The high availability and near independence of day and night cycles make them an ideal field
of research. They tend to supply a better energy conversion at night time in many regions and are
therefore, in combination with solar power, an ideal alternative [1]. To further increase its efficiency
without having to pay a lot of money for a lot of wind tunnel tests, simulations are the only solution.
With these simulations, blade outlines, the choice of airfoil used at different parts of the blade and
and many other parameters can be improved.

Another important factor to take into consideration is the constellation and place for the turbine
positionings. Usually, more than one turbine is placed and therefore they influence each other due
to the way they manipulate the wind. This can be used in advantageous situations to achieve the
highest possible yield or at least to create the least amount of losses possible.

Also, another factor to take into consideration is the position of the turbines. For example, an al-
ready widespread constellation is offshore parks which harness the great amount of oceanic winds
while still being almost invisible for the low settlement of the oceans. But how woods, hills, and
nearby mountains influence the performance of the turbine are parameters that have to be taken into
consideration when the decision for new wind turbines is made.

Simulation While the need for more efficient turbines increases, thankfully the computational power
of computers increases as well. Therefore, better simulations can be achieved and more complex
problems solved. Thereby, increasingly complex simulation tasks can be solved and therefore converge
closer to reality with better results for the blade with each new computer generation. The problem
with this is that the older data often cannot be reused because newer insiights showed that some of
the results are not precise enough and need to be redone.

However, there still is the problem with very cost-intensive software which is necessary for efficient
simulation work. With budgeting in mind, an open-source solution with the same functionality would
be the ideal solution. To get a Computational Fluid Dynamics (CFD) simulation that provides
processible results, a good grid generation is key. To achieve this, the grid generation and extrusion
are the content of this thesis.



Open-Source One of the benefits of open-source software is the possibility to be able to achieve
a good quality grid with software that can be developed for a possibly very specific application.
Also, the possibility to freely access it will give a lot of interested peers the possibility to work
with Computational Fluid Dynamics (CFD) software without needing to buy commercial software
which often can be very expensive. Because the Computational Fluid Dynamics (CFD) software
the Institute of Aerodynamics and Gas dynamics (IAG) uses needs to get a structured grid the
Openblademesh software gives the resulting mesh in structured form.

Structured Grid The advantage of this approach is that a structured grid uses less memory com-
pared to an unstructured grid and the distributed calculation points can be set by the user, while
the downside is that a structured grid generation is more complex because the coding and generation
needs to be precise and automated tools are not able to generate it by itself. Therefore, different
methods are used to achieve structured and partly automated grids with open source software which
will be described in the following thesis.

Goals of the Thesis The goal of this thesis is mainly to show that it is possible to achieve a mesh
generator that creates a structured grid completely on open-source software. Furthermore, several
waypoints are:

Enable the code to generate a wingtip from one pointcloud
Generate the wingtip with subsections for smooth transition
Create a wing with several airfoils

Automate wing generation for flexible pointclouds

Enable Pyhyp to read output from Gmsh

Improve node distribution in wing direction

Improve usability for user

NGt W

Solutions from other Engineers Other approaches to this problem have been made but have their
limitatians or only achieve some of the wanted targets. For example, the free version of Chimera
Grid Tools which relies on the chimera overset grid approach, is a very promising tool, but as it
works with the National Advisory Committee for Aeronautics (NACA) chimera grid it is not open
source and most importantly only free for US-American citizens or people who qualify as such and
is therefore out of reach for any official institute outside of the USA. Another mentionable software
is MegaCads by the Deutsches Zentrum fiir Luft- und Raumfahrt (DLR) which creates hexahedral
structured grids. But this software is still not open source and therefore not very customizable.
Also, the documentation and support is not well continued.. The software used by the Institute of
Aerodynamics and Gas dynamics (IAG) is the automesh software which is open source. It was first
designed for wind energy blades and then extended to helicopter blades. However, it only creates
unstructured meshes and therefore still does not apply to the given tasks.



1 Fundamentals

1.1 Mathematical Foundations

1.1.1 Spline

Splines are mathematical functions that are smooth lines that have boundary conditions that dictate
the form of the resulting graph. Splines get used a lot in Computer Aided Design (CAD) for their
smooth adaption between specified points. Two kinds of splines will be explained in the following
from which one is used in this thesis. The B-spline or basis spline is a spline that is often used in
numerical applications due to its numerical stability. However in this thesis, only cubic splines are
used, therefore they will be explained in more detail. Cubic splines are specified by connection curves
which share one or a severall points and by ensuring that their first and second derivation at this
point are the same. This guarantees that the graph will be coherent and smooth because the same
derivations translate to the same curvature at that point [2]. The Figure 1.1 demonstrates how parts
one and two are connected at the blue highlighted point to generate a smooth curve via cubic spline.

Figure 1.1: example spline with connection point high-
lighted in blue

In this thesis, cubic splines are used for their easy implementation in the code and adequate precise-
ness.

1.1.2 Progression

Because in Computational Fluid Dynamics (CFD) computation power and consequently time is the
regulating factor, as explained later in the section of the fundamentals for Computational Fluid Dy-
namics (CFD), it is always important to save as many computations as possible. For Computational
Fluid Dynamics (CFD)simulations this means a trade between resolution and time, and is achieved
by regulating how many points (or in Computational Fluid Dynamics (CFD) often called nodes)
are computed. To achieve this on the aerodynamically interesting sections, the number of nodes is
increased.

















































































































































































