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Topics

1. Fluid Dynamics and Finite Element Fundamentals

The Basic Equations of Fluid Dynamics

Physical and Mathematical Classification of PDE’s

The Finite Element Weak Form and Weighted Residual Formulations
FE Matrix Equations, Anatomy of an FEM Code

2. The Advection-Diffusion Equation

Advective and Divergence Forms

Finite Element and Finite Volume Formulations
Semi-Discrete FE Equations and Boundary Conditions
Mass Lumping and Reduced Integration

Explicit and Implicit Time Integrators

Numerical Dispersion and Dissipation

3. The Navier-Stokes Equations

The Continuum Equations — Stress-Divergence, Div-Curl, etc.
The v — P Equations and Boundary Conditions

The Pressure Poisson Equation

Boundary Conditions and Initial Conditions

The Well-Posed Initial Boundary Value Problem

4. Solution Methods for the Time-Dependent Equations

The u — P Formulation

DAE’s are NOT ODE’s

An Explicit Algorithm

The Helmholtz Decomposition

The Semi-Implicit Projection Algorithm
The Fully-Implicit Projection Algorithm

5. Element Technology and Pressure and Advective Stabilization

Choices of Elements

Null Spaces and Pressure Modes
LBB-Stability /div-Stability)
Pressure Stabilization Concepts
Advective Stabilization

6. Vorticity Methods (Time Permitting)

The Vorticity Form of the Navier-Stokes Equations
The Generalized Helmholtz Decomposition (GHD)
A Galerkin GHD Formulation
Multipole-Acceleration of Domain Integrals



