Tutorial CFD Prof. Dr. Avudainayagam M.Sc. V. Rutka

Tutorial 6

To be discussed on: Monday, 23.06.

Download: www.mathematik.uni-kl.de/~rutka/CFD tutorial.html

Programming Exercise: Euler Equations

A flow of an inviscid, compressible gas in a tube is described by 1D compressible Euler equations: ∂ ∂t ρ ρu E + ∂ ∂x ρu ρu^2 + p (E + p)u = 0 (1)

where ρ is the density, u: velocity, p: the pressure and E is the internal energy. Relation between E and p is given by E = p γ − 1 + 1 2 ρu^2 . For a diatomic gas (e.g., air), γ = 7/5.

The Lax-Friedrich’s schema to d-dimensions is straight-forward extension of the one-dimensional case. For the conservation law ∂w ∂t + ∂f(w) ∂x = 0 with some w ∈ ℜ^d and f : ℜ^d → ℜ^d, it is given by

w^{n+1}_i = 1 2 ( w^n_{i+1} + w^n_{i−1} ) − λ 2 ( f(w^n_{i+1}) − f(w^n_{i−1}) ) . λ = τ/h, where τ and h are time and space steps respectively. Implement the Lax-Friedrich’s scheme for the equations (1)

1. using the primitive variables ρ, u and p

2. using the conservative variables q_1 = ρ, q_2 = ρu, q_3 = E.

Consider the following initial data:

1. ρ^0 = 5 if x < 0, ρ^0 = 1 otherwise,

u^0 = 0, p^0 = 0.

2. ρ^0 = 1, u^0 = 0,

p^0 = 0 if x < 0, p^0 = 5 otherwise.

3. ρ^0 = 5 if x < 0, ρ^0 = 1 otherwise,

u^0 = 5 if x < 0, u^0 = 0 otherwise, p^0 = 0.

Compare the results which you get by using primitive and conservative variables. What is the physical interpretation of the given initial conditions?