Indian Institute of Technology
Course Details Report

Course No: AS5460
Course Name: Finite Volume Methods for Hyperbolic PDEs

Course Type:
Theory

Description:
The course is aimed to serve as an introduction for graduate students (and 6th semester UG/DD) to CFD using
primarily finite volume methods. The students will be offered an insight into the solution methodology for problems
related to fluid flows that are governed by hyperbolic PDEs. The students will learn algorithms and write programs
to numerically solve flows with discontinuities like shock waves and contact waves that occur in high-speed
compressible flows.

Course Content:
Classification of PDEs — elliptic, hyperbolic and parabolic; discrete representation of PDE using Finite difference
Method: accuracy, consistency and stability of discretized PDE; dissipation and dispersion errors, stability analysis
using von Neumann and matrix methods; finite volume method: basic concept;
Linear model equation: 1-D (wave) advection equation — exact solution, notion of wave speed and characteristic,
numerical solution using FDM and FVM; upwinding methods
Non-linear model equation: Burgers’ equation — numerical solution to Burgers’ equation; Godunov’s scheme;
shocks and centered expansions; shock speed
System of linear equations: linear acoustics equations (1D), wave speeds / Eigen values and Eigen vectors,
characteristic variables, Riemann problem and its solution, upwinding methods for system of equations;
System of non-linear equations: Euler equations, conservation and quasi-linear form, flux Jacobian matrix, Eigen
values and Eigen vectors, characteristic variables;
Flux reconstruction methods for the Euler equation: flux- vector splitting schemes — van Leer, AUSM and LDFSS
schemes; flux difference splitting scheme: Roe’s method;
Higher order interface state reconstruction: MUSCL scheme with limiters;
Higher order time integration: Runge-Kutta methods;

Text Books:
None.
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