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1. Introduction

In advanced low-order panel methods that are based on the internal Dirichlet
boundary condition, the flow velocity tangential to the surface is constructed using
the surface gradient of the dipole distribution. These dipole strengths are
determined in the panel midpoints, while the tangential velocities are to be
determined in the panel corner points (nodes). The aim is to develop a hybrid grid
panel method that can handle both structured and unstructured grids. The benefit
of the unstructured grid feature lies in the opportunity to use automatic grid
generators and in extensions such as adaptive grid technology.

While relatively simple to implement in a structured grid panel method, the determination of the surface gradient in
an unstructured grid panel method introduces some problems concerning accuracy and practical implementation.

2. Problem Description

In this master thesis project, you design, program, and investigate the accuracy of numerical approaches to
determine the surface gradient of a dipole distribution in the panel corner points that are internal to a surface patch
or located along its edge. The panels that make up a surface patch are arranged as an unstructured hybrid grid of
triangles and/or quadrilateral panels. Design (and implementation) of an efficient data structure in Fortran is an
important part of this project.

One possible approach to determine the surface gradient of the dipole (scalar) distribution in a node is based on the
Gradient Theorem and involves a contour integral around that node:
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This approach needs to be extended when the gradient at free nodes at the edge of a surface patch is needed, for
example at the trailing edge of a rotor blade. Other approaches are also possible, for example by approximating the
surface dipole distribution with (harmonic) polynomial functions and determine the surface gradient through
differentiation, or by a least-squares approximation using gradient approximations of dipole strengths in the near
field.

The major steps of the study will consist of the following:

- Literature study into theory and numerical approaches
- Analysis of the proposed numerical solutions



- Design of an unstructured panel method data structure
- Implementation in Fortran

- Demonstration on manufactured test problems

- Analysis of the numerical results

- Report

3. Your Profile
- Basic knowledge of fluid dynamics
- Knowledge of numerical analysis and algorithm development
- Knowledge of a high-level programming language (preferably Fortran)
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