
Course Description CFD I 

Chapter I: Basic Concepts 

Dr. M. Changizian 

1.1 Introduction to the Computational Methods 

1.2 Introduction to Second-order PDE 

1.3 Classification of Second-order PDE 

1.4 Cauchy Problem and Cauchy-Kowalewsky Theorem 

1.5 Well-posed and Ill-posed problems 

1.6 Qualitative Properties of Elliptic, Parabolic and Hyperbolic PDE 

Chapter II: Finite-Difference Calculus 

2.1 Taylor Series Expansion 

2.2 Order Symbol and Gauge Function 

2.3 Truncation Error 

2.4 Finite Difference Approximation to a Derivative 

2.5 Higher-order approximation 

2.6 Difference Operator Theory 

2. 7 Implicit Finite Difference Formula

 

Chapter III: Difference Method for Parabolic PDE's 

3.1 Explicit Finite-Difference Approximation to the Heat Equation 

3.2 Concept of Convergence 

3.3 Worked Example and Comparison with Analytical Solutions 

3.4 Propagation Speed of Disturbance and its Relation to Stability 

3.5 Implicit Finite-Difference Approximation to the Heat Equation 

3.6 Thomas Algorithm 

3.7 Crank-Nicalson Method 

3.8 Keller-Box Method 

3.9 Block-Tridiagonal System 

3.10 Treatment of Derivative Boundary Condition 

3.11 Fortran Hints in Programming 

3.12 Roundoff Error and Worked Example 

3.13 Diagonal Dominancy 

Chapter IV: Stability of Finite Difference Method 

4.1 Exact Solution of Heat Eq. by Fourier Series 

4.2 Exact Solution of the Finite-Difference Approximation of the Heat Equation 

4.3 Definition of Stability 

4.4 Von-Neumann Stability Analysis 

4.5 Gerschgorin Circle Theorem 

4.6 Matrix Stability Method 

4. 7 Examples

Chapter V: Finite-Difference Methods for Elliptic Equations 

5.1 Introduction 

5.2 Finite-Difference Approximation to Poisson's Equation 

5.3 Existance and Uniqueness of the Solution 

5.4 Jocobi Iteration and its Rate of Convergence 

5.5 Gauss-Seidal Iteration 

5.6 SOR or Successive Over-Relaxation Method 
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