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Motivation and framing

Motivation and Context

« Solving non-linear hyperbolic
conservation laws:

U,+FU),=0

« Explicit (parallelizable), stable
high-order time integration scheme

« Total variation diminishing = No-
new maxima introduced by the
solver.
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Methods

Step 1: Space discretization

f () evndx — ] Fw) - Vopdx + | flun) - ngvpds = 0
K K 0K

Step 2: RK time discretization di(up) = L(uy)

Step 3: Generalized Slope Limiter
Use of a non-linear projector All,,
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Methods: Space discretization

dou + V-f(u) =0

Py
VTk=1.Nn> Vi = {‘W Q- R, Q= (2 au/ﬂ‘) )(k}

=1

N Pk
wn = ) 1) ) ul @]
k=1 j=1

Vk' € [1,N],Vi € [1, P, ], jﬂ(atuh(t, x)+ V- fluy(t, x))) 1/J,i€,(x) =0
P
2( Yl dx) A (©) = | flun (620) -7 dx + | Pl (un(t,9)) - nds =0
j=1 Tk Tk Tk

We often consider that: f(u,(t,x)) =) f (u,’;(t)) z/),{(x)
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Methods

Step 2: RK time discretization

0 0
Co | 21
Cs | s as,s 1
bl bs

d¢(up) = L(uy)
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Methods: Time integration

1. u,(lo) = up
i-1

2. us) =Zallwff, wil = (l) +§u At,Ly, ( ())
1=0 i

3 un+1 — uﬁ
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Methods

Step 1: Space discretization

f () evndx — j FQun) - Vodx + j F(wn) - nigvpds = 0
K K 0

K

Step 2: RK time discretization di(uy) = L(uy)

() ()

{ il

.

Step 3: Generalized Slope Limiter
Use of a non-linear projector All,,
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Methods: Slope limiter (Modified time integration)

1. u,(lo) = up

i—1
2. u® = Am, (Z allw,‘ll> wil = (”+§” AtaLy (uf))
il

1=0
n+l _ . K
3. up T =uy
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Results: 1D Linear advection
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Results: Riemann Problems

Initial flow discontinuity.

p, U, p
P, Uy, P
Each cell edge can be
seen as a Riemann
problem. Pr, Ur, Pr
-X X
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Results: 1D Euler equations - Shock-capturing
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Results: 1D Euler equations - Shock-capturing
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Results: 1D Euler equations - Shock-capturing
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Results: 1D Euler equations - Shock-capturing
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Results: 1D Euler equations - Shock-capturing
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Time

Results: 1D Euler equations - Shock-capturing
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Results: 1D Euler equations - Shock-capturing
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Results: 2D simulations — Taylor-Green vortices
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Results: 2D simulations — Taylor-Green vortices
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