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UNIT - I:

Basic Aspects of the Governing Equations — Physical Boundary Conditions — Methods of
solutions of Physical Problems — Need for Computational Fluid Dynamics — Different
numerical/CFD techniques — FDM, FEM, FVM etc., - Main working principle - CFD as a
research and design tool — Applications in various branches of Engineering

Mathematical behavior of Partial Differential Equations (Governing Equations):
Classification of linear/ quasi linear PDE — Examples - Physical Processes: Wave Equations
and Equations of Heat Transfer and Fluid Flow — Mathematical Behavior - General
characteristics — Its significance in understanding the physical and numerical aspects of the
PDE - One way and Two Way variables — Well posed problems — Initial and Boundary
Conditions

Solution of Simultaneous Algebraic Equations: Direct Method — Gauss Elimination — LU
Decomposition — Pivoting — Treatment of Banded Matrices — Thomas Algorithm

Iterative Method: Gauss Seidel and Jordan Methods - Stability Criterion

UNIT - II:

Finite Difference Method: Basic aspects of Discretization — Finite Difference formulae for
first order and second order terms — Solution of physical problems with Elliptic type of
Governing Equations for different boundary conditions - Numerical treatment of 1D and 2D
problems in heat conduction, beams etc., - Solutions —Treatment of Curvelinear coordinates —
Singularities — Finite Difference Discretization — Solution of 1D heat conduction problems in
Heat conduction in curve linear coordinates

UNIT - IHI:

FDM: Solution of physical problems with Parabolic type of Governing Equations — Initial
Condition —Explicit, implicit and semi implicit methods — Types of errors — Stability and
Consistency — Von Neumann Stability criterion— Solution of simple physical problems in 1D
and 2D - Transient Heat conduction problems- ADI scheme - Simple Hyperbolic type PDE -
First order and Second order wave equations — Discretization using Explicit method -
Stability criterion — Courant Number — CFL Condition - Its significance - Treatment of
simple problems

UNIT - IV:

Finite Difference Solution of Unsteady Inviscid Flows: Lax — Wendroff Technique -
Disadvantages — Maccormack’s Technique

Fluid Flow Equations — Finite Difference Solutions of 2D Viscous Incompressible flow
problems — Vorticity and Stream Function Formulation — Finite Difference treatment of Lid
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Driven Cavity Problem - Application to Cylindrical Coordinates with example of flow over
infinitely long cylinder and sphere — Obtaining Elliptic Equations

UNIT - V:

Finite Difference Applications in Fluid flow problems: Fundamentals of fluid Flow modeling
using Burger’s Equation — Discretization using FTCS method with respect to Upwind
Scheme and Transport Property — Upwind Scheme and Avrtificial Viscosity

Solutions of Navier Stokes Equations for Incompressible Fluid Flows: Staggered Grid —
Marker and Cell (MAC) Formulation — Numerical Stability Considerations — Pressure
correction method - SIMPLE Algorithm
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