Computational Aerodynamics
Assignment 6 — Flux Discretization I

Question #1

Starting from the scalar advection equation:
ou ou

rn + a,% =0
and assuming a negative wave speed:
a<0

show that when limiting the second order terms such that they adhere to the rule
of the positive coefficients, a second-order upwinded slope-limited scheme can be
obtained as:

Uir1/2 = Uiyl + ¢i+1/2§(ui+1 — Uiy2)

with the limiter function:

0 < Piy1/2 < 2m;

and the ratio of successive gradients:
Ui — Uit

rN = —/—//
Ui+1 — Ui42

Question #2

Derive a 5th order accurate WENO discretization of u;1/> for the advection
equation with a > 0. Specifically, do the following:

(a) Find the three third-order accurate 2nd degree polynomials P; (x), Py (z),
P;(z) obtained from u; o, u;_1, Ui, u;i1, and u; 2.

: : 1) (2) 3)
(b) Using P;(z), P»(z), P3(z) found in (a), evaluate Uyl Ul

(c) Find a fifth-order accurate 4th degree polynomial Py (z) that goes through
the nodes mentioned in (a).

(d) Determine the optimal weights v1, v2, 3.

(e) Determine the coefficient of smoothness 8, associated with P; (z).

(f) Express u;;1/2 as a function of 3; and w9 with ji=1,2,3.

i+1/2

Answers



(1) 3. 5. (2 _ 1, St 4 3.
2. Upls = g2~ qUiol + Ui U1 = Uil + Jui + gUis1s
3 _ 3 3 1 1 _5 _ 5
U, 1 = gl T Uit — gUit2, M1 = 15072 = 5 3 = 1

51 = %(41,62272 — 19UZ’72’U/1'71 + 2511371 + ].].’U,i,QU,Z' — 31’LLZ',1'U,1' + 10’(1112)

Due on Thursday May 23rd at 16:30. Do both questions.



