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Application to the 1D Burgers equation Eq. and analytical solution1

> Solve equation

ou 1 0%u ou
with
u(x,0) = sin(mwx) Vx €]0;1] (IC)
u(0,t) =u(l,t) =0 Vt€]o;T] (BC)

> Analytical solution
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Z an n sin(nmz) exp (—n’nt/Re)
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Ug (2, t) = —
ag + Z a, cos(nmz) exp (—n’r°t/Re)

n=1

where a,, are Fourier coefficients.
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Application to the 1D Burgers equation POD application1

@ Numerical parameters for the POD analysis
@ Re = 10,
@ T =0.1and At =10"*i.e. N, = 1000 snapshots in the data base,

e z € [0;1] and Az = =5 with N, = 100.

Matlab
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POD

Application of the Snapshot POD
Letu(x,tr), k =1,---, N be Ny “snapshots”.

Algorithm:
1. We decompose u(x, t) as:

u(wvtk) — ’U,m(w) + ’U($,tk) k = 1’ ce

where :

2. We build the time correlation matrix;

1

Algorithm (1)

1
= — t t = — tx) - t;)d
Cuu = 3 (@1, v(@,0)a = 5 [ vl@.te) - v(a,t)do

3. We solve the eigenvalue problem CA = AA = A1 > A2 > --- > Ay, > 0 and

Aq(tg), -, An, (tr)-
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POD
[ Ai(t1) [ Ao(t1)
Aq(t Ao (t
Al - 1( 2) 3 AQ - 2.( 2) ) ) ANt
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4. We obtain the POD eigenvectors ®,,(x), n = 1,--- , N; using:

R
P, (x) = Non > An(tr)v(w, tr)
"k

=1

5. We check the orthogonality/orthonormality relations i.e.

Algorithm (2) 1
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POD Reduced-order model Galerkin projection 1

@ We decompose the velocity fields on Npgp modes:

NPOD

u(x,t) = um(x) + Z ay(t)Pr(z).

k=1

@ Dynamical system with Nyy (<< Npop) modes kept:

d (t) Ngal Ngal Ngal

Qa4

dt =Ai+ ) _Bija;(t) + > Cinaj(t)ar(t)
71=1 1=1 k=1

a;(0) = (u(x, 0) — um(x), ®;(z))q.

A;, Bij, Cij1, depend only on @, u,,, and Re.

@ Dynamics predicted by the POD ROM may be not sufficiently accurate
— need of identification techniques

=
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POD Reduced-order model
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